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7 F undamentals of
Chemistry

< After'studying:thisunit, th e,;_st‘u;d;%h‘t'-‘s will'be able to;” ,
< = Ft e 1w el o o s e, : :
N !

AT
= |dentify and provide examples of *® Dlstmguish between ion and free_l

different branches of chemistry. radical.
= Differentiate between branches of = Classify the chemical species from
chemistry. given examples.

= Distinguish between matter and.a_ = Identify the representative partldesl'
substance. of elements and compounds.

« Define ions, molecular ions, formula = Relate gram atomic mass, gram

units and free radicals. molecular mass and gram formulai
= Define atomic number, atomic mass  * Mass to mole. I
and atomic mass unit. = Describe how Avogadro's nUmber is'
= Differentiate among elements, related to amole of any substance.
compounds andmixtures. = Distinguish among the terms gram
= Define relative atomic mass based on atomic mass, gram molecular mass.
C-12scale. and gram formulamass. .
Differentiate between emplrlcal and = Changeatomicmass, MOIBCUIdrmass
mo]ecularformula. and formula mass into gram atomlc
= Dlstmgulsh between atoms and ions. mass, gram molecular mass and gram
‘a Differentiate between molecules and formulamass. e 2
molecularions. b o 2

s
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Fundamentals of Chemistry
Introduction

Modern world in which we live is the world o

f chemicals. We all depend upon
different chemicals,

which are necessary for our survival.

Chemistry is the study of matter and the ways in which different forms of matter
combine with each other. Chemist

ry has a wide applications and serving the
humanity and nature,

The development of chemistry has provided us a lot of facilities in our life, For
example, Petrochemicals, medicines and drugs, papers, plastics, paints, Color

pigments, soap, detergents etc. The study of chemistry also provides knowledge
and techniques to improve our health and environment

and to explore and
conserve the natural resources.

In previous grades, you have learned about the matter,

element, compound,
mixtures etc. In this unit, you will study, different branches of chemistry, basic

definitions and concepts of chemistry.

Muslim Period 600 - 1600 AD

Thescience of chemistry grew and flourished in early civilizatio
Egyptians, the Greeks, the Romans and the Muslims contri

science of chemistry. The Muslims made a rich contribution
chemistry. They spread like shining stars on the horizon of
They made effective and invaluable services in the
of Muslimsisalmost 1000 yearslong (600 -1600AD

The principal goals of the Muslim chemists were,

1. . tofind out methods to prolong life,
2,

nofthe world. The
buted much to the
to the knowledge in
the world of science.
field of chemistry. This period

looking for ways to change base metals (suchas Lead) into Gold,

3. tofind physical evidences to support religious and philosophical beliefs-
Though they failed in doing so but the

y laid the foundation of the laboratory
methods. These methods are stjll used in the modern chemistry,

NOT FOR SALE (&)
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Fundamentals of Chemistry
The Muslim scientists discovered many elements e.g. Arsenic (As), Antimony (Sb)
and Bismuth (Bi) etc. They developed and used many laboratory instruments e.g.
funnels, crucible etc. Many new chemicals processes were also introduced by
Muslim scientists e.g. filtration, fermentation, distillation etc. Thus, this period
provides basis for the modern chemistry. The period of Muslims is generally
called the period of “Al - Chemists” in the history of chemistry. Muslim scientists
presented chemistry as purely “experimental or practical science”. Some well
known Muslim scientists and their achievements are mentioned here.

i) Jabber Ibn Haiyan (721-803A.D)

Jabber Ibn Haiyan is generally known as the
father of the chemistry. He was probably the first
scientist who had a well established laboratory.
He invented experimental methods such as
distillation , sublimation, filtration, extraction of
metals etc. He prepared Hydrochloric acid,
Nitric acid and whitelead.

T o5
ii) Muhammad Ibn-e-Zakaryia Al~Razi (864-930) Jabber Ibn Haiyan
Al -Razi was a physician, chemist and a | 2
philosopher. He wrote 26 books but the most
famous book was “Al-Asrar”. In this book, he |
discussed the different processes of Chemistry.

He was the first chemist to divide the chemical |‘ .
compounds into four types and also divides the ;ﬁ
substances into living and non-living origin. He [“*

prepared alcohol by fermentation. | _‘ ‘

¥ il /7
Muhammad Ibn -e- Zakaryia Al -Razi

?
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Fundamentals of Chemistry

iif) Al - Beruni (973 - 1048 A.D)

He made greater contribution in the field of | -
Physics, Meta-physics, Mathematics, Geography,
astronomy and History. In the field of Chemistry, he |
understood the different chemical procedures and | |
chemical combinations. He determined the 'IT -
densities of different substances. -

iv) Ibne-Sina(980-1037A.D)

. Al - Beruni
Ibne - sina is generally known as the Aristotle of the
Muslim’s world. He is famous for his contributions
in the fields of Medicine, Mathematics, Astronomy,
Medicinal chemistry and philosophy. Heis the first
scientist who rejected the idea, that base metals
can be converted into Gold. He wrote more than
hundred books. These books were taught in the

Europe for centuries.

Chemistry

. Ibne - Sina
Chemistry._is abranch of physical science; it includes the study of materials and
substances of the world in which we live. Chemistry deals with the composition,
structure and properties of matter, the changes occurring in matter and thelaws
and principles under which these changes occur.

1.1 BRANCHES OF CHEMISTRY

The field of chemistry is very vast. To cover all the areas of chem istry, it is divided
into different branches.

. NOTFORSALE (@
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Fundamentals of Chemistry
Physical Chemistry Industrial Chemistry

Concerned with the Deals with the study of il
relationship between the techniques and chemical |
physical properties of processes for the preparation
substances along with the of different industrial

chemical changes in them. products e.g. cement, glass,
fertilizers etc. e

Organic Chemistry Nuclear Chemistry

Study of those compounds
which contains Carbon and
hydrogen called
hydrocarbons and their
derivatives.

Concerned with the’t
-+ nucleus, changes occu

Inorganic Chemistry

Deals with the study of all
the elements and '
compounds, except
hydrocarbons (organic
compounds) and their
derivatives.

ES OF CHEMISTRY

N/

\ s

BRANCH

Analytical Chemistry L %

‘qualitative (type/ kind).
f‘. ‘."'f—'l'.'-“-'--'.. ‘.. s 4
‘quantitative (arr

a)A he i _h:lostfy use which branch of chemistry to determine the amount of an
impurity in drinking water? , : ;
(b) A chemist in which branch of chemistry determines the composition of substance

and determine their masses?
" (c)A chemist develops a medicine to help patients with thyroid problems. In which

branch of chemistry is this chemist working?
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1.2 BASICDEFINITIONS

All'the things present around us,

defined as anything that has mass and occupies s

anobject is its mass. We can see that almost eve
of matter because they have masses and occ

(elements,

Matter

No

Does it have constant

Fundamentg|s of chemistry

Yes

ﬁ' properties and '
composition? ;
Mixture Pure substance
No _ Isituniform | Yes No Can it be simplified Yes
r throughout? j r chemically? j
Heterogeneous Homogeneous Element Compound

inthe universe, are made up of matter., Matter s

pace. The quantity of matter jn
rything in the universe s Made up
upy volumes.
matter are the food we eat, the water we drink and the a
himselfis matter. A Piece of matterin pure formis called sub
an example of substance,

composition and properties. All Materials may be classified into pure substances

¢ompounds) and impure substances (mixtures).

A few examples of
ir we breathe., Man

stance. Pure water js
regardless of its sources, have exactly the same

A

In1924 de Broglie put forward the theor
has both the properties o
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Fundamentals of Chemistry
1.2.1  Elements, Compounds and Mixtures

(i)  Elements

An Element is a pure substance which cannot be split up into other simpler
substances by any ordinary physical or chemical processes. For example, Gold is
an element and it can never be converted into any other simpler substance by
ordinary physical or chemical reactions. The fundamental unit of an element is
the atom. Scientists have discovered approximately 118 elements, out of which
92 are naturally occurring elements, while the rest have been artificially
preparedin thelaboratory.

Elements are made up of particles. An atom is the smallest particle of an element
that can take part in a chemical reaction. Each element consists of only one kind
of atoms. Atoms of a particular element are same to each other but different

from the atoms of other elements.
Symbols of Elements
In 1814, Berzelius suggested the system for representing elements with symbols.
The shortest name of an element is called symbol. In most cases, the first letter of
the name of an element is taken in capital letter as the symbol. In some cases,
where the first letter has already been used, then the initial letters in capital
together with a small any other letter from its name are used. A list of names and
symbols of some important elementsisgiveninthetable1.1. :
Table 1.1: Names and Symbols of Some Common Elements

'd
. : v 77
Name of element Symbol g %/

S. No.
1. . Boron B UJ*"{ 2¢.
2; . Carbon C =
3 j Fluorine F ‘
45O Hydrogen H
54 -Oxygen (0
e™ Nitrogen N
7 Sulphur S
8. Aluminum Al
9. Calcium (o
10 Magnesium . Mg

() NOT FOR SALE
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Fundamentgq|s of Chemfstry
Some element’s symbol starts with their Latin or Greek

language name. a I;
names and symbols are givenin table1.2. & e Alist of

\/ Table 1.2 Elements Whose Names and Symbols Begin with Different letters

/ . 5.No. Name of element | ‘ Symbol
s s i e n
20 Copper Cuprunf_l__ S C:_*?‘d
s i
J b R
A S
‘1___ 6. - Mercury Hydragyrum: 7h: s e
S BT v g v S
Ee . Sher . Agtn AZ. 8
9. Sodium - Natrium . Na
pre o C O tenntm T P
KNy Tungsfeh ) wolfram W

Make a list of Ten elements other than the above one, with their names and
symbols. Also write down uses of five elements in daily life.

e

'-;,F?lé'}nents are the building blocks of all the substances that make up all living and "-","'
\ iiving things. A careful observation of the physical world reveals that matter us":n
occurs as mixtures. Most of the components of these mixtures are en‘en'heﬂf-i1 5
compounds that exist as molecules. Air, water, clay, petroleum, coal, rock; eart at
are mixtures of numerous compounds. Living things contain thousands of differ®

. , | thesé
substances such as carbohydrates, proteins, fats, lipids, DNA, RNA etc. Al

Lsubstances aremolecularinnature.

. NOT FOR SALE ¢
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Fundamentals of Chemistry

Gallium symbol Ga, atomic number of 31 and
atomic mass of 69.723. It is silvery soft
| metal. In nature, gallium is never found in
free state. Gallium has some very unique
properties. For example, although it is a
solid at room temperature, it is still so soft
that it can be cut with a knife. It has melting
point of 29.76 °C. So a lump of gallium, it
would melt from the warmth of your hand.

(ii) Compound

/Compound is a pure substance consist of two or more different types of elements
chemically combined together in a fixed ratio by mass. In the formation of a
compound, the component elements must undergo chemical changes. The
properties of the compound are different from the elements from which it is
formed. For example water (H,0)isa compoung/lt is made up of two elements
hydrogen and oxygen. The ratio of hydrogen atoms to oxygen atom in water is

Potassium lodide

Scanned with CamScanner



always 2:1. Changing this ratio will give q different c
adding one more oxygen atom gives aratio of 2:2andth

be hydrogen peroxide (H,0,).
Formula of Compound

A compound is always represented
by a chemical formula. A formula
shows the symbols of the elements
-of which compound is made and

their combining ratio to each
other.

Water

Ratio of Hydrogen Atoms to
Oxygen Atom in water
2:1

b

Fundamentals of Chem:stry
ompound. For example,
eresulting compound wijj

Hydrogen peroxide

"Ratfo of Hydrogen Atoms to
Oxygen Atom in Hydrogen Peroxide -
2:2

Fig: 1.2 Compounds of H,0 and H,0,

Table 1.3: Some common compounds their chemical names and formulae

S.No. Common Name

1 Baking soda

2. Bleaching powder

Chemical Name

S

Sodium bicarbonate

Calcium hypochlorite

"\

Caustic soda

B oW

Chile salt petre
. Lime stone.

5
6. Lime W” ter/ milk of
! hm%/*slaked lime

7 Lime/ Quick Lime
" Magnesia
- Marsh gas

10. Table salt

NOT FOR SALE

Sodium hydroxide
Sodium nitrate
Calcium carbonate

Calcium hydroxide

. Calcium oxide

Magnesium oxide

Methane

Sodium chloride

Chemical Formula
NaHCO;
CaOCl,
NaOH
NaNO;
CaCO;

¢ Ca(OH),

CaO

Mgo
CHy

NacCl
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Fundamentals of Chemistry

((fii) Mixtures
A mixture is made up of two or more substances that are not chemically
combined. A mixture may consist of elements, compounds or both.

: Mixture of atoms and Mixture of  Mixture of elemental and
Mixture of atoms molecules molecules : compound molecules

2,04,
&

$

M M
\\\ \

Molecules of Molecules of a

an element compound

Fig: 1.3 Mixtures

The components of a mixture are not in a fixed ratio. Mixture can be separated
by physical methods and constituents substances of the mixture retain their
characteristic properties in the mixture. For example, when sugar is dissolved in
water, it forms a mixture which is sweet in'tast The sweetness is due to the
presence of sugar in water. A widely used example of mixture is alloys, which

consist of a mixture of metals with other elements (metals or non- metals)

e.g. brass and bronze etc.

/ Types of Mixtures
There are two types of mixtures.
(i) Homogenous Mixture

A homogenous mixture is one which
has uniform composition throughout
its mass. For example, Table salt
(Nacl)dissolvedin water (solution).

'i .
Fig: 1.4 Homogenous Mixture

@ NOT FOR SALE
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Fundamentals of Ch(.'mfs;ry
(if) Heterogeneous Mixture
A heterogeneous mixture is one, which does not have uniform composition

throughout its mass. One part of the mixture having different composition than
the other i.e. non-uniform distribution of their components. For example, Salad,

dirt, sand and water ewy m{/ -

Fig: 1.5 HeterogenouSmixture

T

If we stir a teaspoon of sugar into a test tube of
water and a teaspoon of sand into another test
tube of water, the sugar will disappear into the
water (dissolve), but the sand will not. Which

mixtureisasolution? - = gar
Solution | . -

T hé sugar forms ahomogeneous mixture with the :
water (solution). The sand and water form a
heterogeneous mixture. Particles of sand are
visible in the mixture, whereas, sugar particles are
invisible (evenwitha microscope).

Scanned with CamScanner
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Practice Problem: 1.1

Making mixtures
Make mixtures of sand, baking soda, ink and oil in water.
Classify these as heterogeneous or homogeneous. |

Give reasons for your chou:e.

anb

Lo e e?”? //'Mf

— W/ -

Fundamentals of Chemistry

Al A e |
T L AL -

F

T ST R

R

Table 1.4(Differences between Compound and Mixture )

Compound

Mixture

It is formed by chemical
combination of atoms of the
elements.

It is formed by the physical combination
on mixing up of the substances.

ii.

The constituents lose their
original properties.

The constituents retain their propertiee.

iii.

Compound always has fixed
composition by mass.

Mi’xture does not have fixed composition

by mass.

The components of the mixture can be

melting point.

iv. The components of the
compound cannot be separated separ_ated by physical methods.
by physical methods.

v. Every compougd} represented It consists of two or more components

by its chem:sgf forrn ula. and does not have any chemical formula.

vi. Compound has homogenous Mixture may be homogenous or
composition. heterogeneous in composition.

vii. . ‘Compound has sharp and fixed Mixture does not have sharp and fixed

melting points.

%

)

Scanned with CamScanner
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Fundamentals of Chemist,
Iron (Fe) and sulphur (S) by mixing with each other fo ¢

! rm a mixture gng can pe
Separated with magnet. As Iron and sulphurretainitsp

roperties in this Mixtyre

Iron can be separated from sulphur using magnet

When Iron (Fe) and sulphur (S) is strongly heated, it react with each other and

lose their properties and form a compound, iron sulphide (FeS). It cannot be
separated with magnet. ‘

- . 2 .

- . - ttl“ﬂded
Strongly heating Iron (Fe) and Sulphur (S), Iron sulphide, FeS dark black solid, not @
a chemical reaction occurs, a compound by magnet
iron sulphide (FeS), formed.

Fig: 1.6 Iron (Fe) and Sulphur (S) mixture and compound Iron sulphide (Fes)

NOT FOR SALE - @
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Do you know?
Do

. Atoms consist of three fundamental particles
i.e. protons, electrons and neutrons. Protons
| and neutrons are present inside the nucleus,
whereas, electrons revolves around the

. nucleus.

e
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Fundamentals of Chemistry

Electron

-
- -‘

Neutron

1.2.2

(i)

Atomic Number and Mass Number
Atomic Number (Z)

It has been found that the atoms of one element differ from those of other
elements by the number of protons in their nuclei. No two elements have the
same number of protons. As the atom is electrically neutral, so they have the
same number of electrons, as the number of protons. The number of neutrons in
the atom of an element is different and cannot be used to characterize the atom.
Elements are therefore arranged in periodic table.on the basis of number of
protons in their nucleus, this number of protons is called the atomic number[lﬁs
represented by the symbol g) '

Gtomic Number (Z) = Number of proton(s) o&i'Number of electron(s)inan atom:.)
ﬁ’%Theatomknmnberofmdmmﬁstfzmmbaofprmthﬁemﬂas
6 ofoneatomofthatelement.y
Hydrogen, carbon and oxygen contain one, six and eight protons in their nucleus
respectively. Thus, the atomic number of hydrogen, carbon and oxygen are one,

six and eight respectively. ¢ , -

Table 1.5//Some elements with their atomic number

L Lamipl

“S.No. Element Atomic number (Z)
Wt Hydrogen (H) 1

2: | Carbon (C) | 6

% Oxygen (0) 8

4, | Sodium (Na) 11

5. Chlorine (Cl) 17

Ly /
/ J 4

© NOT FOR SALE
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1.2.3 Relative Atomic Mass and At

y AMmentaly “fChcrnlu
Omic Mass Unit 3? .
If we measure the mass of an atom

i masses of atoms gre eXpresseq
n relative to the mqgs of:

grams or kilograms, it will be an extremely Carbon-12 atom,

small value (107* o Io"ug). Measuring

such asmall masses arenotonlyimpossible

but are also impractical to
that purpose,
by comparin

work with, For
atomic masses are expressed

8 With a mass of standard
atom. The atom chosen nowadays,

standard for CoOmparison is that of carbon -
12, which has a mass of exactly 12 units,

,4«19( The relative atomic mass of an element is

as the

12 “units”

: 1atom of C-12 = 12 units
the mass of an atom of an element relative 1/12 the mass of C-12 = 1
tothcmassof..lz_ thermsofC-u.)
1
; M
( !:os) frEo) (fs-cy)'gaj (24.3%5)
1._‘ | 1 ) — >
( ¥ 2L ;
™ ||| i ot |
1| cls L ]-2 “ 16 20 24 . amu

Standard Mass

Fig: 1.7 Atomic scale showing relative
and that of the standard element C-12

/ (1) AtomicMass Unit(a.m.u.)

1
Atomicmass unit is the mass of the >~ themass of an atom of C: 1:9
Atomicweightof C-12=12g=1mol

atomic masses of some elements

er
Similarly, 1mol of C-12 contain atoms = 6.02 3x10"” atoms (Avogadro's numb )

tatomofC-12=

=23
.1 =1.993x10 g
6.022 x 10 - _

So, we can calculate

' P Mg=1.67x10"7k
= — 10 X 10 =‘l-67x10 g'- 0 7 g
tamus= —=—x199

NOT FOR SALE -
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Fabter-6(Some Elements with their Relative Atomic Masses

S. No. | Element Relative atomic mass in a.m.u.
1. Hydrogen 1.0079 a.m.u.
2. | Oxygen 15.8994 a.m.u. ) - /
3. Sodium 22.9897 a.m.u. b
4. Magnesium 24.3050 a.m.u. S
5, . | Silver 107.8082 a.m.u. £ ) =

(i) AverageAtomicMass i
The atomic masses, as can be seen in the table 1.6, are rarely found to be exactly
whole numbers. This is because most elements are composed of two or more
naturally occurring isotopes and the relative atomic mass takes into account the

abundance of eachisotope.

Average atomic mass Is the weighted averagg;'éfithe atomic masses of the
naturally occurring isotopes of an element. Average atomic mass of an element

can be calculated by using following formu!_q;
ope x its ¥age abundance

Average atomic mass = Atomic mass of 1" Isot
: O 100 g
+ Atomic mass of 2" Isotope x Its Zage abundance
’ 100 '

rage atomic mass of Chlorineis 35.5 a.m.u. because there are
is Chlorine - 35 and the other is Chlorine - 37. The

ure of Chlorine -35 is 75% and the percentage of
—37is 25%. Therefore, the average atomic mass of Chlorineis, |

Forexample, theave
two isotopes of Chlorine. One
percentage occurrence in nat

Chlorine

Average atomic mass = Atomic mass of Isotope Cl -35 x its %age abundance

100

+ Atomic mass of Isotope Cl -37 x its %age abundance
100

NOT FOR SALE
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Fundamentals of Chemistry.
Average atomic mass of Cl =(0.75) (35a.m.u.) +(0.25)(37a.m.u.)
=26.25+9.25
=35.50a.m.u.

Practice Problem 1.2:

1.2.4 ( Chemical Formula ’

As you have learnt earlier that compound are represented by a chemical formula.
The chemical formula of a compound is written by putting together the chemical
symbols of the elements that make up the compound and their relative ratio by |

atoms. _ -
Gtisanabbrwiaﬁoﬂusedﬁormeﬁﬂlmofacanpumdwiththehclpaf
symbols-lnoﬂlerwds,wccaisayﬂlatﬂnsymbolkwntaﬂor!ofd
- moleculeofacanpal'ﬂ!scdbdd:ardcdmm)' |
The chemical formulatells us:

e - Thetypeof atoms( elements) present in the compound.
° Th‘e'ri:"ﬁo of the different atoms present in the compound.

For example, the chemical formula of Sodium Nitrate is Na NO,and that of glt
is, CeH120s : e .

Following are thetwo types of chemical formula.

cose

(i) Empirical formula

(i) Molecular formula

Scanned with CamScanner
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(i) (;:‘mpiricai Formula ) ol
Tmmfwwmmﬂmm formula which
shows the smallest whole number ratio of the atoms, of the-differentelements .

presentina gompoung/ft may not be the attual formula of the compound[For
example, the actual formula of benzene is CSHS)Bom.-eHe as the simplest ratio of
1:1. So&ts empirical formula is Cl-j)and the actual formula of glucose is CsH1206
Glucose has the simplest ratio of 1:2:1. So, its empirical formulais CH,0. .

(i)  Molecular Formula

Molecular formula shows the actual numbers of atoms of different dgmcﬂti
present in one molecule of that compound. For example, .

Molecular formufa of Glucose = CgH1, O
Molecular formula of Benzene = tSHQ b& ;
Molecular formula is derived from empirical formula by the following
relationship. ; '
Molecular formula=n (Empirical Formula)<-
Wheren=1,2,3,4.....andsoon :
Forexamplethe molecular formula of benzeneis,
Molecular formula=n (Empirical Formula) -
Where the value of ‘n’ inthis cqse is6,

Molecular formula=6(CH)

Molecular formula=CgHe:

same or multiple of the empirical formula. A
pirical and molecular formula are shown in

A molecular formula may be the
few compounds showing their em

(3

: table1.7.
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Fundamentals of Chernistr,.

Table1.7 Some compounds with empirical and molecular formulae

. S.No. Name of Compound
157 Acetic acid
2 . Acetylene
3 . Benzene
4 Glucose
5 | Hydrogen Peroxide
6 Sulphuric Acid
Iron Oxide
8 Ammonia
9 Methane
10 Water 3

ﬁfﬁ VWM wn/ss -Ml W/é‘“f

Empirical Formula  Molecular Formylq

CHzo CH3COOH (C2H402J

CH CGH; ®

CH CeHe O

CoHr06 -

CH,O 6112 : SQQ

HO H>0,

H,S04 B0 N
. e

F8203 Fezos oS

NHy AT NH;

. / NQ e :I'L.)'-‘

CH, CH,

H e H

2%“ 20 3

lt is clear from the table 1.7 that some compounds have identical empirical and

molecular formula.

(iii) Formula unit

All the ionic compounds are represented by their formula uméFormula unit is
éhe smallest repeating umt of an lOﬂlC compound showing the simple ratio

between theions.

For example, in the whole crystal lattice of sodium chfonde, the ratio of Na' and
Cl ionis 1:1 and its formula unit is NaCﬁs:mllaﬂy KCl is the formula unit of

potassium chlonde

Practice Problem: 1.3 2

T T

NOT FOR SALE
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Fundamentals of Chemcstry

1.2.5 Molecular Mass and Formula Mass

@ﬁ/(:} Molecular mass

% Molecular mass is the sum of the relative atomlc masses of all the atoms present
in the molecule. Molecular mass of a substance can be calculated by adding
relative atomic masses of all the atoms in one molecule of the substance. For

example, A
Molecular formula of Ethane = C,Hg
Atomicmassofcarbon =12
Atomicmass of Hydrogen =1
Molecular mass of Ethane = 2(Atomic Mass of C) + 6(Atomic Mass of H)
: =2(12) +6(1)
=24+6

Thus, molecular mass of Ethane = 30a.m.u.
ﬁn) Formula Mass
Formula mass is the sum of the atomic masses of ions (atom) present in the
formula unit of an ionic compound ) The formula mass is calculated in the same
manner as we did for molecular mass. Thus for NaCl, :
Formula mass of NaCl = 1(atomic mass of Na) + 1(Atomic mass of Cl)
=1(23amu) + 1(35 5amu)
=23amu+35.5amu

éormu!a mass of NaCl=58.5 amu)

=

| Calculate the form ula mass of(a) (l NH,,);SO; and (b) Fe( N03)2 .I

Solution
(@) (NH,);50s
' >N 2x 14amu=28amu
8H 8x tamu=8amu
1S 1x 32amu=32amu
30 < .3x 16 amu=48amu
Formulamass =116 amu
(b) Fe(NOs):
1Fe 1x56amu= 56amu
" 2N 2x 14amu=28amu
60 6x 16amu=96amu
Formulamass =180 amu

3]  NOT FOR SALE
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| .Practice Problem: 1.4 2=

1.3  Chemical Species _
Chemical species that is atoms, molecules, ions, etc. take part in a chemisq!:)
reaction. ) ' ' %,

Y
WA/

p /(i) lon) ° -
An atom is a neutral particle, the number of electrons and protons alje-eciual inan
atom. An atom can lose or gain electron and the balance between number of
protons and electrons is disturbed. So there is net charge on the atom{The
particle that carries an electrical charge, positive or negative due to the loss or
gain of one or more electronsis called an ion. ‘

~ loss of gon) y gainof
electron(s) / ; \ electron(s)

L ©

 Figi 1.9 Types of lons
There are two types of ions, a) Cation (Positive ions) and b) Anion (Negative
ionsy' . . '
- /6) Cation '

» The atom which loses electron(s) from its outer most shell, a net positive charg®
is appeared on that atom, This positively charged species s called cation. Positi*®
ions always have less number of electrons than the humber of proton./* £
following equations show the formation of cations from different atoms.

NOTFQRSALE._ @ - .
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Fundamentals of Chemistry :

Cations
Na
| Mg . . fi;ﬁ
b) Anion ' : ,\<’.}

" The atom which gains electron(s), a net negative charge is appeared on 3
; atom. This negatively charged species is called an anion. Negative ions alv

| have more number of electrons than the number of proton.r)'rhe Qﬂo\\'n}nng
equatlons show the formation of anion from different atoms. % \2\

ﬁ‘ ?‘E P\ il
ﬁ Atoms - ~

ﬁ‘é, p"‘ﬂ?m,é’aﬁ! é’,- - :

W—éfffemmq?twm anatomandion

It has a net chage (either negative or

‘number of protg@nd positive) on it. The number of protons
electrons. .~ is different than electrpns.

in.{l : can or cannot exist Lindeps
S independently, for example example Na',K',Fe”.

\ ‘Na,K ,Fe._ 2 - sl
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(ii) Molecularion

Just like atoms molecules also are electrically neutral particleﬁWhen amolecyle
loses or gains one or more electrons, it forms a molecular ion. Molecular ions are
also called radical. Molecular ion can be cationic molecular ion (when they carry
positive charge) or anionic molecular ion (when they carry negative charge). The
examples of cationic molecular ions are CH}", CO*" etc. while the examples of
anionic molecular ions are C ZHEOH'1 etc.)Cationic molecular ions are more

23 common than anionic molecular ions. ‘

= ! - S

& Dege (iii) Free Radical wiid- EraPle 7 ¢ _
(Free radicals are atoms or group of atoms that has a single (unpaired) electron

(odd) in an outer shell with no charge. It is represented by putting a dot over the
species e.g. H, cl, HC etc)Free radicals are formed by the homolytic fission
(Equal breakage) of the bond between two atoms. For example, the chlorine
molecule first forms chlorine free radical. = 3

C, — 2 Chlorinefreeradical
The chlorine free radical Cl.)react withCH, to form methyl radical CH.3.

CH, +a' > LeR, + e

Methyl fre= radical :

A free radical is reactive specie which does not exist independently. The CH, is
very reactive and react with another Cl, molecyle to form chloromethane and ¢/
again. , '

CHy +Cl, - CH;-Cl el

: 1) &P’r I< ) / /chloromethane :
1% 1.3.2 Molecule p‘f'@” T& t?f"’s ] W’i' W? Y

/ A molecule is formed by the chemicaql combination of atoms. It is the smallest unit

of a substance. Molecule js the. smallest particle of matter which can exist freeln
nature and may be composed of like or unlike atoms. It shows all the properties of
that particular substance, For example, H, , N 2) 03, H;0, etcYrhere are d,'fferent

types of molecules depending on the ny i
mber and mbining:
LSometypes of molecule arefollowing-) types/'of atoms co

NOT FOR SALE |
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Fundamentals of Chemistry

A

V Molecules

~«———  Mono-AtomicMolecule (mono= o’né) iy
Made up of only one atom
Forexample, theinert gases He, Ne, Ar etc.

\ Eig+tto Types of molecules

It is noféd that some molecules are very big and large and they are called

mac’_rofnolecules (macro means very large). For example, haemoglobin is a

macromolecule foundin blV

)  NOT FOR SALE
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On the basis of the nature of atoms present in the molecules, they m

Fundamentgqls of Chemjg

; : ay be
classified in two groups i.e. homoatomic and heteroatomic molecules,

Table-t-9: Comparison of homo-atomic molecule and Hetero-atomic ’"Ol'f;tule

Homo-Atomic Molecule : Hetero-Atomic MOIECUIQD =
(Homo= Same) (Hetero= Diff erg/rg?)% B
} : : N sl
When a molecule consists of When a molecule consists of atoms.|
atoms of same element, it is the different elements, it is calleg |
called homoatomic molecule. heteroatomic molecule. They are
They are also called homo- also called heteronuclear molecule,
nuclear molecule. For example, For example, carbon dioxide (C0;)
oxygen (0:), hydrogen (H.), water (H,0), Hydrochloric acid (H),
chlorine (CL,), sulphur (Ss) etc. etc. l
¢ . W . - J
1.4 Avogadro's number.and M W :

» WME’,’E“Z by /;wd?ac%’ﬁ b 7%
1.4.1 Avogadro's Number ool
A chemist deals with substances which

are composed of large number of
particles. It.is not possible for the
chemist to count these particles. The
concept of Avogadro's number helped in

the counting of these particles presentin

the given mass of q substance, . i
Avogadro's number js collection of
6.023x10" particles. Avogadro's number
is defined as the number of particles |

(atoms, molecules, ions) in one mof of :;::;‘:::ei eg :
any substat:ce and is numerically equal trig fom;':c—-;%o o
t06.023x 10", ' !':etr a'qi{i m '.c 2 lz\lHB S 3

_Pt‘?nta‘qtom'i; .-._c.H-‘. :
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Fundamentals of Chemistry

This. number was determined by an Italian scientist Amedo Avogadro and is
called Avogadro's number represented by symbol “N,‘ﬁ'

Scientists are agreed that Avogadro's number of particles is present in one molar
mass of a substance. In order to understand the relationship between the
Avogadro's number and the mole of a substance let consider a few examples.

o W 6 1.0g of hydrogen = 1mole =6.023x 10" atoms of hydrogen 9

if. 12gof carbon =1mole =6.023x 10 atoms of carbon _
it 18gof water =1mole =6.023x10" moleculesof watet

iv. 58.5gof NaCl=1mole  =6.023X 10" formula unit of NaCl

N e
Va\

The mole concepts, students often have trouble Eompgg:lj@ﬁaing the hugesize
of Avogadro's number, 6.023 x10°. The following a@[ﬁ'g’ies may be helpful for

b

petter understanding of students. 2.0~
e If there were a mole of rice grains, all the land area in the whole world

would be covered withricetoa depth o{g:bjom 75 meters.
rain that has been grown since

e One mole of rice grains is more than a{!;.,th‘e g
the beginning of time. ,<f\-
e A computer counting with a speed of 10 million atoms a second, would take

two billion years to counto : mole of atoms.
e Ifonemole of marbles wé{espread over the surface of the Earth, our planet
would be covered by,aﬁmree miles thick layer of marbles. R -

Srin
e A T ——— —_—

e

1.4.2 Mol 4077
We use differentunits in ou
that we cancount them easily. How
we would most likely count them by pa
eggs; banana etc dare counted in dozens,
unit depends on what we aré counting.

atoms, molecules and ions. They use a cou
amount of asubstance.

r daily life to represent different qu&ntities of items so
do we count shoes? As shoes come in pairs, so
irs rather than individual shoes. Similarly
but paper by ream. Thus, the counting
Chemists also use a unit for counting
nting unit called mole to measure the

- (] NOT FOR SALE
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Fundamenfq;s ofchern{st
: : ) 1y
ﬂ moleis defined as the amount (mass) of a substance which contains Avogq o,
number (6.023x10”). Mole is represented as 'mol’. It formsa ""k_between
of substance and number of particles.

(|

The mass of a substance is may be atomic mass, molecular mass or formulg m

These masses are expressed in atomic mass units (amu). But when these Masse
are expressed in grams they are called molar masses.

S0, the mole can be quantitatively
or formula mass of a substance ex
Forexample,

defined as the atomic mass or mo'ecularmm
pressedingramsis called mole.

Atomic mass of carbon

12 Expressed in grams = 12g

=1 mole of carbon

Expressed in grams = 18g = 1mole of watgr)w :

Expressed in grams = 98g

Molecular mass of H,0

18
Molecular mass of H.S0,=98

=1mole of sulphuric acid

4.3 Gram Atomic Mass, Gram Mo

lecular Mass and Gram Formula Mass

i) Gram Atomic Mass

When the relative atomic mgec ; 3
’ ass is expr, . : '
< mass. One gram atom of any ele ’: i:sed "Ngrams, we cqlf it the gram atom
€xpressed jn grams. Thjs

; relative gtomi, s element
lsalso Called Mmole, e ofthe

d e pea T
DRl allhas NaTon

Scanned with CamScanner



Fundamentals of Chemistry

Table 1.10 : Elements and their gram atomic mass

1gramatom of hydrogen 1.008g 1mole of hydrogen
1gram atom of oxygen 15.998g 1mole of oxygen | >
1gramatom of carbon 12.008 1moleofcarbon

It is clear from the above examples 1 gram atom of different elements have
different masses. :
(ij) Gram Molecular Mass

The molecular mass of a substance expressed in grams is called gram molecular
mass or gram molecule of that substance. Itis also called mole. \

Table 1.11: Compounds and Their Gram Molecular Mass

Name of compound Chemical formula Gran{@a'éculmmﬁsés
: R _
Water - H,0 ' 18g (1 mole) e
. " )
Carbon dioxide o, 4\‘/{/ 448 (1mole) 3
P> : : ‘
Sulphuric acid H.504 98g (1 mole)

ﬂ fif) Gram Formula Mass

When the formula mass of an ronic compound is exp
la. It is also called mole.

nds and thelr gram formula mass

ressed in grams, it is called

gram formulamass orgram formu

Table 1.12 lonlc compou
~Name of i_qﬂg%qinpqund _ ghgmlcal formula | Gram formula mass
Sodium Chloride Nacl 58.5 g (1mole) )
Calcium chloride _ Cacl, 11g (1imole) | ©

1.5 Chemical Calculations AR
In chemical calculations, we can calculate the number of moles from given mass

r of particles froma given number of moles of asample.
he mole into mass and mole into particles

of asubstance and numbe

These calculations are based on t
n concept. The examples of these calculations are:

5)  NOT FOR SALE
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05, Representativ i
21780 p € particles
ﬁ?@g\ |

Mass S __._..-j_ § ¥ /e 32 4%%
S - . 5.9 '_'4(' \-

Figi1.46  Mole conversion rriap

&@/@m'f/ﬁ aémfe;ﬁmm;%:&

5.1(' Mole - mass calculations)

In mole - mass calculations, we can calculate the number of moles of a substance
from the known mass of the substance. When a chemical reaction occurs, changes
take place. These changes can be expressed in terms of mole and masses.

?

When we say molar mass of water, we mean 18 grams of water. This relationshipis

often treated as conversion factor. Thus, 1 mole of water is 18 grams, 1 mole of Alis
27 grams. : : .

We can convert any mass into moles and any numb in
the following equation. 4 ST0f moles intomass .by R

N of Mote(m) 21_‘3!@_________4 Substaice.
| Molar mass of the Siibstance
By rearranging the above equation,
from the number of moles of a given s

We can calculate the mass ofa substanc®
ubstance, :

M(ﬁﬁﬁmﬁﬁ@fﬂmEM-éﬁ‘mmﬁﬁmkrﬁfﬁéﬂﬁéféﬁW)

OT FOR SALE y
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Fundamentals of Chemistry

EXAMPLE: 1.3

Calculate themolesin 60g of CO,.

Solution

Mass of CO, =608

The molar mass of CO,= 12.00g +2(16.00g)
=12+32
=44 g/mol

il - (e
: 2

60
7y =1.364 mole

Practice Problem: 1.5

-'a'l'.i--i-’u 5 s YWIs e d: ‘l‘b

.2. Mole - particle calculations %ﬂ M&y au-a’ lercﬂg,g ﬂ’m L
Thereis also a relatlonshlp between mole of a S{Jbstdnce and Avogadro's number

(N,)- WV ,

1 mole of any substance contain = 6.0;31‘:«30” particles (atom, molecules, and

ions) 80"

Based on the above relationship, we can convert any number of moles into

particles, (atom, molecules andions) and any number of particles into mole using

the following formula.
\\Ml No. of particles
ﬁo of Moles (n) = Avogadm’s ) A@
LS | ‘?_\
X No. of particles \b
. of Moles (n) = :
gy & 6.023X10” Divlde by v

No.of particles =No. of molesxN, Multlply by MM

No. of particles =No. of molesx. 013’"0) Fig:n1  Molemass conversion

" NOT FOR SALE

Scanned with CamScanner




) EXAMPLE: 1.4 j

e~

Fundamentqs of Chep;

/How many moles of hydrogen are there in 8.9 x 10” hydrogen atoms

— Solution: | O
No. of atoms of\hydrogen =8.9 x10" Q¥
No. of H atoms per mole = N, = 6.023 x 10

Therefore the number of moles present, can be calculated using equation,
No. of atoms or molecule |

Avogadro’s No (N,)

No. of moles of Hydrogen =

8.9 x 102
—— ©'1.48 moles.
6.023 x 10*

Practice Problem: 1.6 ¢
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Chemistry is the branch of science, which deals with the composition,
structure and properties of matter, the changes occurring in matter and
the laws and principles under which these changes occur.

The main branches of chemistry are organic, inorganic, physical,
analytical, industrial, nuclear, environmental and biochemistry.

Matter is anything that occupies space and has mass.

A piece of matter in pure formis called substance.

Matter can be classified as an element, a compdun'd or a mixture.

An Element is a substance which cannot be split up into other simpler
substances by any ordinary physical or chemical processes.

An atom is the smallest particle of an element that can take part in a
chemicalreaction. : :

Compound is a pure substance made up of two or more elements
chemically combined together in afixed ratio by mass.

Mixtures can be classified as homogeneous or heterogeneous.

The atomic number (Z) of an element is the number of protons present in

the nucleus of anatom of that element.
The mass number (A) of an element is the total number of protons and

neutrons in the nucleus of an atom of that element.

Relative atomic mass of an element is the mass of an atomrelativetomass

of 1/12 the mass of Carbon-12.

()  NOT FOR SALE
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Fundamentals of Chemlstry

e Atomic mass unit is the mass of the 1/12 of the mass of any atom of
Carbon-12. :

e Average atomic mass is the weighted average of the atomic masses of the
naturally occurring isotopes of an element.

e Chemical Formula is a shorthand method of representing a compoting,

Elemental symbols are used in writing d formula.
umber ratio of the atoms/ions

e Empirical formula shows the smallest wholen
e actual number of atoms

present, while molecular formula shows th

presentinamolecule of the compound.

e Molecular mass and formula mass of a compound is sum of the relative

atomicmasses of the elements ( atoms) presentinthe compound.

e Simpleionsareatoms thathave lost or gained electrons.

e Moleculescanalso formions called molecular ions.

e Free radical is a ‘specie, with an unpaired electron and is the result of
homolytic fission of the bond.. : ‘

e Amoleculeis the smallest particle of a compound or element that cdn exist.
independently. [t may be mono-atomic or polyatomic.

e Molecules made up of similar atoms are homo-atomic and those t:omll"?’-‘ed
of different atoms are hetero-atomic. e

o Amolerepresents adefinite quantity (mass) of an elementora compount
The gram atomic mass, gram formula mass or gram molecular mass of "
element or compoundis called amole.

o Avogadro'snumberisaconstantvalue equal to 6.023 x1 0% and this numbé’
of atoms or molecules is present in onemole of a substance.
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Choose the correct option.

'-‘

ii.

il“-l

iv.

vi.

Which one of the following group comprise of elements:
(a) Mercury, water, Ammonia  (b)lodine, Tin, Iron
(c) Copper, Aluminum, Methane (d) Coal, Smoke, Fog

thcl?ne of the following can be broken down in to simpler substances:
(a) Ammonia (b) Oxygen

(c) Sulphur (d) Iron filling
The gram molecular mass of HNO, is:

(a) 60 (b) 100 \

(& 63 (d) 98
Which of these molecules is not a compound: )

(@N0 (BIN,

(c) NO - (d)No, o

Which one of the following is equal to two moles of water(H,0):
(a) 1.084x10% molecules '(b) 6. ozzxwB molecules
( r.’)/i 204x10*molecules (d)1.80 6x10* molecules
A compound contains:
(a) differentkinds of atoms m:xed together
(b) thesamekind of atoms mixed together
‘f')'alfferent kinds of atoms chemically combined together
(d) the same kind of atoms chemically combined together
Which one of the foﬂowmgrs an example of triatomic molecule:

vii.
@ o, & ..(b)0:
(c)CHgq (d) NH;
viii. Hydrogen gas is:

“(a) amonoatomicgas

" (b).amixture of hydrogen atoms
(%{ a diatomicgas with eachmolecule made up of two atoms

(d) a diatomic atom made up of two molecules
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: Funda mentals of Chemm
ix. Which one of the following compounds h

molecular formulaidentical?
(a) benzene (C H,) (b) hydrogenperoxide(H,0 )
c) water (H,0) (d) glucose (C,H,,0,)
X.Which one of the following is a homogeneous mixture
(a) smoke P(E) air (c)fog

as both €Mpiricq) anq

(d) smog

: SHORT QUESTIONS
Answer briefly the following questions.

i.  How many elements are presentin each of the following?
(a) HF and Hf (b) CoandcCoO
(¢) SiandSio,  (d) PoCl, and POCl,
ii. Cmis the chemical symbol for curium, named after the famous scientist
Madam Curie. Why wasn't the symbol C, Cuor Crused instead?

iii. What is the atomic number of an element? How does it differ from the

mass number? '

iv. Students often mix up the following elements. Give the name for each
element. _ _ o
(a) Mgand Mn (b)KandP (c) NaandS (d)CuandCo

v. a)Classify the following molecules as mono-atomic, diatomic, tri-atomic
and polyatomic molecules.

H.0, N, S, He, HCI, CO,, Ar, H,50,, C,H,0,
b) Classify the following as cation, anion
and molecule. -

CH+4 ’04 ’ CH; ’ _co+! co2 y c'-? Mg"z’ coj_z; 02 ’ Nﬂ: c:H,ody HJO.I CII
vi. Calculate the number of moles of butane, CH,, in 151 g of butane (At. massés
C=12amuandH =1amu). (Ans:2.6 3moles) | '

vii. What is the mass of 5 moles of ice? (Atomic masses: H=1amu, 0=16 amu) .
(Ans:998)

viii. Calculate the number of molecules in 6, 50 mol of CH,. (Ans:3-914x‘°NmolesJ

ix. Calculate the average atomic mass of lithium from th

» molecular ibn, free radical

e following datd:
Isotope| Natural Abundance (%) pelqtive Atomic Mass (amu)
°Li 7:5 6.0151° i
Li 2. : 6.940)
w925 7.0160 (Ans:

X. Calculatethemassofﬁ.GBx10’{ molecules of PCl,. (Ans: 152.5248)

NOT FOR SALE
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Fundamentals of Chemistry

LONG QUESTIONS

()  Stateandexplain withexamples:
(a) The empirical formula of a compound.
(b) The molecular formula of a compound.

(i)  What do you understand by the terms mole and Avogadro's number.
Explain with suitable examples. ‘

(iii)  (a) Compare and contrast a mixture and a compound. Give examples of
each of them. =
(b) How will you classify molecules? Support your answer with at least
two examples of each. - \

(iv) (a) What is the molecular mass of a compound’ How will you
differentiateit from formulamass? - e

(b) Calculate the molecular mass or formulae mass, as the case may be of
the following compoundsin amu. )

(i) Benzene, CsHs (if) Ethane gas, f,}is
(iii) Alummum chloride, AICl; (iv) Iron oxlde, Fe,0;
(v) (a)Fmd out the number of protons, electrons and neutrons in the following
elements. :

B Na, ‘548 25Ee g’fb, 18AJ", e Of

(b) Complete the following table: ;
Number of

Symbol | Atomic Number
No. Protons electrons
a. K . ’
b. 8 _
C. A5 15
d. 20 '
e. cl

Pro;ect Work

—— et
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U 2 Structure of Atom

After studying this unit, the students will be able to;

Describe the contributions that Rutherford made to the developmalh

of the atomic theory. RN §
Explain how Bohr's atomic tﬁeory differed fromit. |
Describe the structure of an atom including the location of the protm:
electron and neutron.

Defineisotopes. | ' i
Comparej;s&ibpes of anatom.
Discuss properties of the isotopesofH, C, Cl, U. ' I
Draw the structure of different isotopes frpm mass number and ﬂf""'k‘

number. | |

State theimportance and uses of isotopes in various fields of life-

Describe the presence of sub shells in a shell.
Distinguish between shells and sub shells.

Write the electronic configurations of the first 18 elemeﬂt’
Periodic Table

+nE
fn 35
L
-
!
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Introduction

The composition of matter is always a mystery to scientists. Many philosophers
and scientists worked for centuries to solve this mystery.

A Greek philosopher Democritus (460 - 370 B.C.) for the first time suggested that
all matter can be ultimately broken down into tiny particles that cannot be

further divided. These particles were named atoms (from the Greek word
“atomos” means indivisible). '

In this unit, you will learn about the development of the.atomic model and
concepts like isotopes and electronic configuration in detail.

2.1 Theories and experiments related to atomic structure

Although the word atom was used in 400B.C, however no further work was done
until 19" century. It was John Dalton, an English School teacher who after a series
of experiments concluded that all matter must be composed of tiny particles,
which are like solid balls and cannot be further divided. He called them atoms. He
presented his theory u t:'?he title “A New System of

Chemical Philosophy.’g Main postulates of Dalton
atomic theory (1808) are as follows:

1. Matter is composed of very small particles called
"Atoms".

2. Atomisanindivisible particle.
3. Atom can neither be creatednor destroyed.
4. Atoms of particular element are identical in size,

shape, mass and also in other properties. |
5. Atoms of different elements are different in their o Dalton

properties. _
6. Atoms combine with each other in small whole

numbers ratio.
7. All chemical reactions are due to combination or

separation of atoms)

, @ Daﬂ/w M! ::_ - _’%ao Pli 2.1 Dalton's Model of Atom as solid ball

7 NOT FOR SALE
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Structure of Atop, |
2.1.1 Rutherford's atomic model

@@ In 1911, Rutherford performed an experiment in order to know the “m‘"gemem

‘ ofelectronsm_rd pProtonsinanatom. ., 4/, _ pouote i S df}%w_-r

E,B;j%( i) Rutherford's Expen‘ment?/ Discovery of Nucleus
Rutherford performed an experiment to determine
the internal structure of the atom in 1911. For this
-purpose, bd'@sed a thin (0.00004cm) gold foil. The
gold foil was surrounded by photographic plate or |
Zinc sulphide (ZnS) fluorescent screento detect the
particles emitting from the radiation,

(He bombarded the gold foil with a - particles (20,000) T
from a radioactive source (polonium metal). He |
observed that most of the a - particles (19990) passed
through the gold foil without any change in direction, §° &

It showed that most of the volume occupied by the Rutherford
atomis empty. &

Some a - particles ( 8) were def

lected thi'ough smaller angle, Only few (2) were
bounced back at their original wa

y.Rutherford concluded that an atom contains
center of the atom) So, o - particles passing

ause, & - particles are glso positively charged
achother.

2

particles and similar chargesrepel e

Nucjeus, cor;taining
Positively charges
protons

electrﬁns,
negatively charged

Fig: 2.3 Rutherforg model of atom
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Structure of Atom

If o - particles pass very closely to nucleus, they deflected through large angles.
Similarly, if they do not pass close to nucleus, they either get deflected through -
very small angles or do not get deflected at all.

On the basis of his conclusion drawn from this experiment, he proposed a new
model of atom called planetary model (similar to the solar system). Which put all
the protons in the nucleus and the electrons orbited around the nucleus like

planets around the sun.
| ot L

Photographic film or

luminescent screen

Lead container © — particles detector

1Y e W »

Stream of O particle

Polonium Thin gold foil
(radioactive element)

é@ Lo W Fig: 2.4 Discovery of Nucleus

- ”;”qﬂ) Main points ofRutherford'satomlcmodel 740

K: 1. Atom consists of positively charged central portion called nucleus. It
contains protons and neutrons.

Electrons are revolving around the nucleus with very high speed just like
the planets around the sun.

3. The electrons revolving around the nucleus would require centripetal
 force. The attractive force of the nucleus on electrons provides

centripetal force to the electron.

4. The size of the nucleus is very small as
and most of the volume occupied by the atomis empty.

tral. As the number of electrons is numerically equal to that of

compared to the size of the atom

5. Atomisneu

protons. ) (F’M;j .

6. Nucleusisresponsibleformass and energy of theatom.

_ NOT FOR SALE
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Rutherford in 1911 performed ;m expenment and proposed amodel of an atom,
suggestions remain unchallenged for long time. But this model could not expigjn the
stablllty of an atom and line spectrum for an atom. Bohr leaped over difficulty by L, T -

- spectrum. Development of Bohr's atomic model explains how intemr%'t\aﬂom of
results of experiments of other scientists help chemists to fo’rﬁ)ulate new |
! explanations and theories. ; SN & :"“ 3

- “\

(Q@ R _ T
/(m) Defects in Rutherford's Atomic Model *

Rutherford's Atomic Model of an atom resembles our solar system. It has the
following defects.

1. Rutherford's atomic model is based on the laws of motion and gravitation,
which are applicable to the neutral bodies and not on the charged bodies.

2. According to Maxwell theory, electrons are charged bodies revolving
around the nucleus and should emit energy continuously. The electron wil
move on the circular path-and ultimately fall in the nucleus. Howeve, it
does not happen.

3. If electronsradiate energy continuously then continuous spectrum will be
obtained but actually line spectrumis obtained.

4. It does not provide any explanation about the chemical properties of the

elemeny M

Fig: 2:5 “Electron revolving arouind the nuicleis

NOT FOR SALE _
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2.1.2 Neil Bohr's atomic theery

In 1913, Neil Bohr presented a new atomic theory to
overcome the defects of Rutherford's atomic
model. Bohr considered hydrogen atom as a
model. /This atomic model was based on the
following assumptions. '

1. Electrons are revolving around the nucleus in
one of the fixed circular paths called shells or
orbits. Each orbit has a fixed energy. These
orbits are also called energy levels.

2. The energy of the electron in an orbit is
proportional to its distance from the nucleus.
The farther the electron from the nucleus, the
higher will be the energy and vice versa.

Structure of Atom

Neil Bohr

3. Aslong as electrons are revolving around the nucleus infixed circular orbité,
they do not gain or lose energy .i.e. energy of an orbit s fixed.

4. When an electron jumps from a higher energy orbit to the lower energy
orbit, it radiates energy and when it jumps from lower energy orbit to higher

energy orbit, it absorbs energy.

~ Theenergy difference between two levelsis given by,

AE= Ez -.E’ =hv
Where,
h= Plank’sconstant

v= frequency
E = lower energy orbit

1

E,= higher energy orbit

2

AE= energy difference

5. Electron can r
them.
6. Angular momentum (mvr) ofan ele
‘nh
mvr=— _—

27

ctronis anintegral multipleof —
21

eside in any one of the orbits and cannot stay in between

h

' NOT FOR SALE
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Where,
n=numberofshell=1,2,3,4....
m=mass of electron
v =velocity of an electron _
r=radius of the orbit in which electron is revolving, and
h=Plank's constant its valueis 6.6262x10 " J.s

or shell

Nucleus

(n=1) have the least energy

nextshell which s higher in energy thantheK - shej] and
soo

Structure of Atom

Energy levels

. L-shell (n= 2) is the

n.

Make a model/diagram based on Bopy's

your classroom/ laboratory, atomic theory. Display this model in
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3. Neutron

-
o Mg [ FlNCe

2.1.3' Fundamental particles of an atom 7

Modern research showed that an atom consists of many subatomic particles.

{Three subatomic particles Proton, Neutron and Electron are)very-important-to-

efthe fundamental particles.)

1. Electron =

Electron is a negatively charged particle. Its mass is equal to 0.000548597 a.m.u.

or 9.11x 10~ kg. Charge of an electroniis 1.6022 x 10"’ coulomb with negative sign. .

Electrons are very light small particles which revolve around the nucleus in orbits.

2. Proton

Proton is a gyosltively charged particle. Its mass is equal to 1.b07276§»q.r}1.'d. or
1.6726 x 10" kg. Charge of proton is 1.6022 x 10" coulomb with po{&iw sign.
Protonis 1837 times heavier than an electron. Protons are present}iﬂf?he nucleus

of an atom. *

N Do

- \/

Neutron is a neutral particle because it has no charge. Its mass is equal to
1.0086654 a.m.u. or 1.6749 x 10" kg. Neutron is 1842 times heavier than an

electron. Neutrons are present in the nucleus of anatom.

L7
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Structure of Atom
Table 2.1 : Summary of the subatomic particles
Particle | Symbol | Unit Charge (C) Relative Mass (kg)
' charges mass (amu)

Electron es -1 1.6022 x 1077 | 0.00054859 | 9.11x10*
Proton Pt # | 1.6022x10" | 1.0072766 |1.6726x10%
Neutron n° 0 0 | 1.0086654 | 1.6749 x 107

pfﬁm o {5 ?'s"/"/}'/t“}‘? 2z W I;T{!\ “d'?fﬁ _,;f’:': ’!{»«'{',. * ;

Zlec ctronic configuration
The distribution or arrangement of electrons around the nudeus in orbits or
shells s called the electronic configuration. O

The electrons are distributed around the nucleus in various orbits or energy
levels or shells. These orbits are numbered as 1, 2, 3,45/ 6, 700000 These orbits are

represented by K, L, M, N etc. The maximum number of electrons in a particular
orbitis given by the formula2n®, Wheren=1,2,3,4...

The maximum number of electrons in ﬂrst, second and third orbit are 2, 8 and 18

respectively.
ﬂ Table 2.2: Orbits and Maxigmum Number of Electrons in an Orbit (Energy Level)
Number | Nameof |- < Zx 7
of Orbit Orbl'g.\& “Formula | Number of electrons in an Orbit (Energy Level)
1 X an’ [ 2(1)*=2
— . 32 1Energy level |
< % : - 18
2 \% L 2n 2(2)=8 2 Energy level
¢\ : 3 Energy level
M 2n? 2.2 4 Energy level
3 n 2(3) 18 ! (o_ S :Nudgus
4 N an’ | 2(4) =32 S
_ M
5 0 2’ | 2(5)*= 50 ) ?
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[ ¥, Structure of Atom
2.2.f0 ncepts of s and p sub- shell

(i) 3hell (Orbit)

According to Bohr's atomic theory, electrons are revolving around the nucleus in
one of the fixed circular paths called shells or orbits. Each shell has a fixed energy.
These orbits are also called energy levels. Each shell is described by 'n’ value. 'n
canhavevalues1,2,3, 4...

As the value of 'n' increases, shell number increases. The distance of electron
from the nucleus increases and energy of the electron also increases. >

(i) Sub-Shell (sub-orbit)
Ashell or energy level is divided into sub- shells or sub - energy levels. 'n value of

ashellis placed before the symbol for a sub-shell.
There are four sub-shells. The sub - shell are represented by s, p, d and f. These

are spectroscopic terms which stand for sharp, prmc:pal dlffused and

fundamental.

s sub-shell
1 orbital

p sub- shell
3 orbitals

d sub- shell
5 orbitals s

Fig: 2.8 Shapes of s, p, and d - subshell

Note: Thefsub-shell has seven orbitals and has complicated shape.
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Structure of Atom

i. s sub-shell can'aécomrﬁodate amaximum of '2' electrons,
ii. p sub-shell canaccommodate amaximum of '6' electrons,
iii. d sub-shell can accommodate a maximum of '10’ electrons, and :
Iv. f sub-shell canaccommodate amaximum of'14' electrons) M 3
.«/ﬁl‘s/-_‘

Table 2,3: Shells, Maximum Number of Electrons in a Shell and sulisshells |

‘Number | Name | Formula |  Number of Sub ”{‘539&" ons in the
of Shell | of Shell electrons in Shell | shell(s) .\\J sub shell
(n) o |
1 K 2 2(1)=2 (NS alilirst g
2 L ©oam 2(2)*=8 2 " sand p _25";,21-7‘
3 M 2n’ 2(3) =18 s,pand d 35, 3p°® 3d"
4 N n 2(4)"‘-;:':;2“ syp,dandf| 4s% 4pS, 4d™, 4f*¢

The increasing order of energy of the sub-shells belonging to diffefent shells is -
given below. '

15 <.25< 2p< 3s< 3p< 4s <3d and so on.

The electrons are accommodated in the different energy levels by using Auf Bau
principle. According to this principle, electrons fill first the lowest energy sub-
shell available to it and then higher energy sub-shells. According to this principle,

electron will first fill 1s, 25, 2p, 3, 3p, 4s and then 3d, because the energy of 4s is
lower than the 3d sub-shell. Eo By

2.2.3 Electronic conﬂguratjoh of first 18 elements

The electronic configuration of first 18 elementsis given below.

NOT FOR SALE ()
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N b /; lerfy oy Structure of Atom _
Table 2.4: Electronic Co_:n;'iguration of !;:ir:;ixlz] El;?r;n;nts f;’ f"“:-"‘ ) I(m 5 B2
K Electronic Configuration Ok
h*%ix Element | Symbol ::::;:r n=1=K | n=2=1L n=3sM
1s 2s | 2p | 3s [3p | 3d
Hydrogen H 1 1s’
Helium He 2 ' 1s? ' fb&}
Lithium Li 3 1s? 2s’
Beryllium Be 4 1s?
Boron B 5 1s?
Carbon = 6 1s?
Nitrogen N 7 1s?
Oxygen 0 8 1525
Fluorine F 9 ’;;/
| Neon Ne 10 (}ZQ\ . qs?
Sodium Na 1" L
Magnesium Mg ,«Ok)u 1s?
Aluminum Al 13 1s?
Silicon j {@3 14 1s* |
Phosphorous { P 15 152 9
s A fel 16 1s? .
Chlorine al ey 1s2
Argon Ar 18 152 : »
26
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Structure of Atom

1. Sodium has 11 protons and 12 neutrons. Write the electron configuration
of the sodium atom.

2. Potassium has the electronic arrangement 2,8,8,1. -

O
a. Whatisits proton number? ~’
b. Draw its electronicstructure.
3. Write theelectromcconflguratlonsofN PandAr O
2 .A; o d 2’ g .-ﬂ-:‘ﬂ:“.!‘ 2.5 ' {’hq,f"s pTE
e 8.3 rsotopes o= ' 1 > }u{/
4 ) Se U f &N

/ These are the atoms of the same element which have same atomic number but

different mass number. The difference in mass of an‘atom in an element is due to
the difference in number of neutrons. In other. words, we can say that these are
the atoms of the same element which have same number of protons and
electrons but different number of Neutrons. Isotopes have the same chemical
properties but different physical properties.

2.3.1 Examples of Isotopes
(i) IsotopesofHydragen , _
Hydrogen has three isotopes. These are Protium (H), Deuterium (D) and Tritium

(7). Protium (H) is ordinary hydrogen. It is the most abundant isotope (99.985%)-
of hydrogen. Deuterium (D) is about 0.015 % and Tritiumi is rarely found in nature.

- All the isotopes have one proton in their nuclei and one electronin their orblt, the

difference lies in the number of neutrons. The number of neutrons in Protium (H)
is zero, Deuterium (D) is one and Tritium (T) is twoin its nucleus)

The chemical properties of the Isotopes are same due to the same number of
valence electrons but there is difference in physical properties llke densitlf:
meltmg pomt andbomng pointetc.
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f/‘ Table 2,5: Isotopes of Hydrogen
Ny Isotopic
Isotope Name | Atomic structure | Symbol Umberof abundance
Neutrons Gt
(percentage)
Protium'(H) 1 ]
'H 0 99.985
-
. 2 3
Deuterium (D) ;qHorD 1 0.015
. 3 i i
o HorT very rare
Tritium (T) Y 2 isotope

Tritium

Table 2.6: PHysical properties of H,0 and b0

£ N7 &

S.No Property H,0
1. Molecular mass (a.m.u) 18.02
2. | Density at 0°C (g cm?) 1.000 1105
3.0 Tmp (°C) | 0.00 - 3.82
N o 100.00 101.42
$)4' B'P ( C) g

et
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(li) IsotopesofCarbon

: . : th
Atomic number of carbon is six. It is the first member of the 4~ group. There are
three isotopes of carbon in nature, Carbon - 12, Carbon - 13 and Carbon - 14. These

arerepresentedby ¢C, 2C and C.

Allthe isotopes have six protons in their nuclei and six electrons in their orbit. The
number of neutrons in Carbon - 12 is six, Carbon - 13 is seven and Carbon - 14 is
eightin their nucleus. |

—

____,/”'"; Table 2.7: Isotopes of Carbon )
. = - Isotopic
o Isotope : , Numb&} o P e
\2, / Atomic structure Symbol 3y f ~ abundance
7 il pLlils o ' porons (percentage)

Carbon-12 | @ ?C e - 98.98 3

Carbon .12
6 Protons .
6 Neutrons

Carbon - 13 '.  -23_(: o) ' :  ' 1._'1'09
‘ ‘Carbon =14 ' 164c_ i 8 I 1 part per
i - - | trillion (ppt)
8 Neutrons ( Electron | 5 §Iea =3 ¢ A
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IZ Structure of Atom

e (iff) Isotopes of Chlorine
Atomic number of Chlorine is 17. It is the second member of the 7" group. There
are two isotopes of Chlorine in nature, Chlorine - 35 and Chlorine - 37. The
abundance of Chlorine - 35 is 75.53% and that of Chlorine - 37 is 24.47% in nature.
Thesearerepresentedby >Cland [Cl.

| Both isotopes have 17 protons in their nuclei and 17 electrons in their orbits. The
l number of neutrons in Chlorine - 35 is 18 and in Chlorine - 37 is 20.

Table 2.8: Isotopes of Chlorine
Number
* Atomic structure Symbol of « | ¥
Neutrong\\)l

A'e
g }
Chlorine - 35 18 WS 75493
e € "
Chlorine - 37 2¢ 2 2Rz,

7 X

17 Protons
20 Neutrons
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(iv) Isotopes of Uranium

Atomic number of Uranium is 92. There are three isotopes of Uranium in nature,
Uranium -234, Uranium - 235 and Uranium-238. The abundance of Uranium - -234
is 0.05%, Uranium - 235 is 0.75% and Uranium - 2 38 isthe most abundant 99.245%in
nature. These arerepresented by U, Uand “;U.

All the isotopes have 92 protons in their nuclei and 92 electrons in their orbits,

The number of neutrons in Uranium - 234 is 142, Uranium - 235 is 143, and
Uranium-238is146.

Z
-

/}/ Table 2.9 : Isotopes of Uranium

Number ‘| Isotopic |
Isotope Name Atomic structure Symbol of - abundance

N%u}t%}s (percqnt.age) '

Structure of Atom

Uranium - 234 U 142 0.05
Y .
Uranium - 235 | \/ ::SU 143 0.75

N

Uranium - 238 238

o U 146 99.245
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Structure of Atom

Estimation of the age of the plant and animal remains by measuring the
amount of radioactive decay products is called chemical or carbon dating. A
more recent method involves the use of a radioactive isotope, C — 14. This
method is used in the study of deep sea sedimentation, dates of volcanic and
glacier activity. The age of a uranium containing material can be determined
by measuring the percentage of lead formed asa result of disintegration of_

uranium. .
() M/*’%/e 7,._-,.5,-,; // ages 7
2.3.2 UsesofTsotopes

Isotopes are used in chemical, agricultural and medical research for' diagnosing
and treatment of diseases. Isotopes of certain elements show radioactivity while

othersdo notéome uses of isotopes are given below.
1. lodine-131 (1) become concentrated in the Thyroid gland and is used as

cure for goiter.
2. lodine-123( s,l) is used for brain lmagmg
Deuterium (D), heavy Carbon (C-13), heavy Nitrogen (N-15), heavy Oxygen
(0-18) and heavy lodine-131 ( 531) are being used-as tracer elements in
biochemical and physio- _chemical research to trace the path of the

element to the defectiveor obstructed part.

Fa’g 2.10 Thyroid gland

2 NOT FOR SALE
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Structure of Atom

4. Radium irradiation and Cobalt-60 (3;C0) are used in the treatment of
cancer and for diagnosis of tumors.

5. Sodium (Na-24) is used for the identification of blood circulation problems
in patients. :

6. Carbon-14isusedtotrace thepathof carbonin photosynthesis.

7. Americium -241 is used in smoke detectors. It is also use to determine
where oil wells should be drilled. ’:;qgl -

8. Californium - 252 is used to measure the moisture content of soil in road

construction and in building construction. It is also used to inspect
airplane luggage for hidden explosives.

'9. Krypton -85 is used in electrical cloth washers to measure the dust and
pollutants level.

Cal'b_dﬁ 'dqting' Smoke Detectors Agric;lltd;;al Re:earch
* (carbon -1 g carbon -14,
(ce 4) (americium-241) Phosphorous-3?)

Fig:2.10 Different uses of isotopes
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Structure of Atom

Greeks proposed that matter is composed of small particles called atoms.

According to Dalton's theory, matter is composed of smallindivisible particles: :
called atoms. )

Electrons, protons and neutrons are the fundamental subatomic particles of
anatom. '
Rutherford's model of atom consists of a positively charge.d nucleus. This
model states that, electrons revolve around the nucleus, like the planets
around the sun. Most of the space occupied by an atom is empty.

According to Bohr's atomic theory, the electrons revolve around the nucleus
in certain fixed circular orbits called shells or energy levels. :

The arrangement of electrons around the nucleus in orbits or shells is called
the electronic configuration. ' | . ‘
Electrons are revolving around the nucleus in one of the fixed circular paths
called shell or orbits. Each shell hasa fixed energy. These orbits are also called
energy levels. ‘ '

Shell or energy levels arenamed alphabetica
icular shell is given by the formula

llyasK,L,M,N andsoon.

The maximum number of electrons inapart
2 .

2n’.
rther split into sub-energy levels or sub-shells. The

Energy levels or shells fu
p (principal), d (diffused) and f

sub-shells are designated by s (Sharp),
(fundamental). '

Isotopes are atoms of thesame element having different number of neutrons.

Isotopes are used in chemical, medicaland agricultural research.

*

| NOT FOR SALE
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Structure of Atom

viii. Which oneis the lightest?

a) analpha particle b) a hydrogen atom
"(an electron d) a proton
ix. Thenucleus of an atom has all of the fo"owfng characteristics except that |

it d
(a) ispositively charged D : ‘
(b) isvery dense
(c) contains nearly all of the atom's mass
d) contains nearly all of the atom's volume , ' | i
X. L=-shell hassub-shell(s) |
(a)s (b)sandp N,
(c)s,pandd (d)s,p,dandf ‘ : I

SHORT QUESTIONS
Answer briefly the following questions.

i. Aluminum is represented as 3;Al. Draw the structures of Aluminum. Write |
its electronic configuration. f

ii. Theenergy of anelectronin K and L shellsis the same or different. Explam 4

.Draw thestructures of hydrogen isotopes. |

iv. How many electrons are presentin each of the followmg atoms? Assuming N
that each is a neutral atom, identify the element.

a. 1s%2s22p°3s’ b. 1s?2s?2p®3s?3p® c. 15?25 2p®3s?3p°4s? p
9 Why an atom is considered as neutral particle? Givereason(s). i
@ The mass of an atom is present in its nucleus. Canyou explain it?

vii. What is the reason that physical properties of the isotopes are different

but their chemical properties are the same? . |
viii. Draw the structures of carbon isotopes. Then write down the number of r

* proton, neutron and electron. - : ]
ix. How many electrons could be containedintheK, L, MandN energy levels. :
X._Write detailed electronic configurations for JLi, 5C,and 1iMg. |
Xi. Write the symbol for an isotope: _ : 5_

(a) Containing one proton and two neutrons

' NOT FOR SALE
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Structure of Aton,
numberisoneandthere isoneneutron

which the atomic :
(b) For ssnumberisalso ope

(c) For which the atomicnumber isoné and thema

LONG QUESTIONS

' et : i base for modern atq
(i) Why Dalton’s atomic theory is considered as a fi n atomic

concepts.

(i) Summarize Rutherford's model df an atom and explain how he develgpeg

this model based on the results of his famous gold-foil experiment. -
(iii) State the postulates which Bohr suggested to overcome the shoytcomings of
the Rutherford’s atomic model. s

(iv) Complete the following table for neutral atoms of specific isotopes:

Isotopic | Atomic Mass | Number Number Number
Symbol No. No. of o0f of
Protons {‘(electrons | neutrons
3 vl W) = '
a 1541xe N ,;‘,W‘
b 27 59 ) .
c 144 4 " 84
\ 9
g 2 | X 26
e O = B e 106
F | ,,w‘ 128 52 ‘
. % W = I
\ S

(v) (a) Deﬁqs:énérgy level and sub-energy level. |
(b) Exp an,the distribution of electrons in various energy Ie'vels and sub
(energy evels for first four elements of the periodic table.

FProject Work :

B —— e —
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Periodic Table m d
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riodicity of Proper

Afte}' stud.ying this unit, the students will (l}e@ﬁe to;
- / ; L

* Distinguish between a period and a group inthe periodic table.
« Statetheperiodiclaw. O

Classify the elements (into two categ ries: groups and periods) according
~ tothe configuration of their ou%most electrons.

Determine the demarcation of,the periodic table into an s block and p

block. (

Explain the shape of the perlodrc table.

Determine the locat{on of famrhes on the Periodic Table.

Recognize the s;mrlanty in the chemical and physical properties of elements

inthesame farmly of elements.
Iden trfythe relatlonsh:p between electronic configuration and the position

of an element on the periodic table.

Explam how shielding effect influences periodic trends.
Describe how electronegativities change within agroup and within a period

———

Ea - NOT FOR SALE
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Periodic Table and PeriOdicities

Introduction

In previous grades, you have learnt about the elements and their c!anrf ication gp
the basis of metals and non-metals. Using that knoW’ffdger YOU-W'” study the
classification of all elements and will discuss their periodic properties.

In the year 1800, only thirty four (34) elements were known. By the year 1870, thjs
number increased to almost double and in the year1974, the number of elements
was 105. At present 118 elements are known. Out of 118 elements 92, are founq
naturally on earth and therest are artificially prepared.

Initially the number of elements was limited so it was easy for chemists to study
these elements individually. But as time passed, the number of elements
increased, so it became difficult for the chemists to study each element
individually. It was felt that the elements might be properly arranged so that they
could be easily studied. By doing so, one could easily get more information with
little effort. Many chemists, including Lavoisier (1787), Newlands (1864), and
others attempted to classify the eléments systematically. It was a Russian

chemist Mendeleev (1869), who madeé the most successful classification basedon
the atomicmasses of the elements,

—-7'-.!.-.-3-{: gl 5 P A LA B 4 1 ~TONpRE. Tay

The development of periodic table started in 1800.

different ages attempted for classifying the elements in different ways.

Initially elements were divided into metal and non-metals. In 1817,
- J. W. Dobereiner, a German chemist classified chemically similar elements in

Many scientists in

atomic weight of Ng 7*39

27 53

2
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Periodic Table and periodicities

[_____-'—— - — — - il s =
' It failed to classify all the elements in this way. By 1864, more elements had
| been discovered. An Englis‘h chemist J. Newland classified the elements in
' order of their increasing atomic masses. He classified the elements into groups
 of sevenand found that every eighth element had the properties similar to the
| first one of the series. He called these groups octaves. Lithium (Li) resembles
sodium (Na) and fluorine (F) resembles chlorine (Cl), as shown below.

[0 Be B C N 0 F
j 7 9 11 12 14 16 19
| Na Mg Al Si P S cl
231 silnea2d 27 28 31 32 35.5

He could not able to classify all the elements in the same manner, so the law of
octaves failed to classify ail the elements.

in 1869, two chemists, Lother Meyer in Germany and Dmitri Mendeleev in
Russia, at about the same time independently developed very similar
arrangements of the elements. They found that while arranging the elements
in order of their increasing atomic mass, certain physical and chemical

properties are repeated atregular intervals.

Lother Meyer plotted atomic volumes (densities) of the elements against |

their atomic masses and found that similar elements occupied similar

positions in the graph.

arrangedthe elementsin the form of table. Hearranged 65
n this table, he left vacant spaces for the
ed at that time and to be placed in these
he predicted the properties of
discovered.

Dmitri Mendeleev
elements in periods and groups. I
elements which were not discover
vacant spaces. On the basis of this table,

certain elements very accurately that wereyetto be
d on atomic mass. However, with the

me clear that elements varied regularly
It had also become known
n the number and

Mendeleev  classification was base
discovery of atomic structure, it beca
with atomic number not with the atomic mass.

that the properties of the elements depended o

| arrangement of electrons in each of its atom.
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Periodic Table and Periodicities

3.1 Modern Periodic Table

The modern periodic table was put forward by
Henry Gwyn Jeffreys Moseley, an English physicist.
This table is based on the atomic number. The modern | 8
periodic law states that the physical and chemical [
properties of the elements are the periodic function of & i
their atomic number. Periodic table is formed on the [
basis of this law. In the simplified form it is divided into
eight vertical columns known as groups / families and
seven horizontal rows known as periods.

3.1.1 Periods

Jeffreys Moseley
The horizontal rows of elements in the periodic table are called periods. They are

numbered from 1 to 7. From the table, we can see that aII he elements in the

same period have the same number of electronic she kjln the first , second and
third period, the number of shells are 1, 2 and 3 respectwely asshownin fig. 3.1

Grou l;}”‘
il

]

Fig. 3.1 Numbers of shell with correspondence to the period numbelr

e Theonlyletterthatdoes notappear on the periodic table s J.

o The rarest naturally-occurring element in the earth's crust is Astatine. The entire
crust appears to contain about 28 g of this element.
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Periodic Table of the Elements

key

element name
atomic number

hydrogen I = . U — hellum
1 Alkali Metals A : Symoo 2
H . , | Alkaline Earth Metals atomic weight He
1.00784 = r Transition Metals _ | Other Metals g s e
e 7 5 6 10,
Be , zQ..:..onm_m I Lanthanoids B C& | Ne:
nzn =82 = 10811 | 120107 | 204797 |
g e i R et aluminiu| silicon argon
et . Noble Gases W& Actinoids m 14 18
Mg | | | Metalloid [ Halogens Al S - Ar
24.3050 ; 26.98153| 28.0855 15453 39,984
g .
calclum | scandium | titanium | vanadium | chromium | manganese| iron coball'_[" nickel | copper “zinc | gallium |germani 293_3 Krypten
20 21 22 23 24 25 26 21 /V% ; 29 30 31 32 35 .
Ca |Sc |Ti|V | cr|{Mn|Fe|Co|™Nb}Cu| Zzn |Ga| Ge Br
TIEMY 40078 | 44.95591 | 47.867 | 509415 | 519961 | 5493805 | 55845 | 589332 | 5a.6934 \W.ﬂs 65409 | 69723 | 72584 79,904
strontium | yttrium | zirconium | riok iy . rutherium | rhodium | paladiom | . cadmiom | Indi fin fodi
3 39 40 4 | 4 43 44 s | A &x&.\.x 48 w | s Yy
M@ Sr | Y | Zr | Nb (Mo | Tc [Ru| Rh | Pd | Ag-{CCd | In | Sn _
G¥TTCM  B7.62 | 85.90585 | 91.225 | 9290638 | 0594 [98] 101.07 | 1029055 | 10642 | 107.8682 1 | 114818 | 118710 1269045 | 131293
- barium ' | lutetium | hafnium | tantalum | tungsten | rhenium | osmium | Irdlum | platinum gold aﬂn‘u thallium | lead astatine radon
it 7 72 73 74 75 76 il 78 79 ‘ 81 82 85 8
Ba | Lu | Hf | Ta | W |[Re | Os | Ir | Pt | Au | Hg“/ Tl | Pb Rn
JEEN 1373271 | 174967 | 17849 | 1809479 | 18384 | 186207 | 19023 | 192217 | 195.078 | 19696085 | 20059 |z043e33) 2072 1222)
: radium | [lawrencium | ritherfordium| dubni borgium| bohrium | hassium | melinerium |danmstadium| roantgenium ! ~ferovium 2 SeRRRER
88 103 | 104 105 106 107 108 109 110 111 12 "3 | \ﬁ,._..,
Ra|| Lr | Rf [Db | Sg [Bh [Hs | Mt | Ds | Rg | Cn |Nh ,m_,w,
§ __Ba [262] [261) | [262) (268] | [264) [269) 278) [211) [2r2) [285) Res) | (287
Tanth cerium i promethium| samarium | europlum |gadolinium| terblum dysprosium |holmium| erblum EwEl | ytterbium
AT BT .58 59 62 63 64 65 66 67 68 69 | 7
La | Ce | Pr Pm Sm | Eu | Gd | Tb | Dy |Ho| Er | Tm &fu
138.9085 | 140116 | 14090765 | 1e424 | [14s] | 15036 | 151.964 | 15725 | 158.9253 | 16250 | 164930 | 167.250 | 1em.934 | 17300,

U PRI aptuniun) pIMGAIm amerciin | S eUrum | Berkelium
2\l A'aal | RIS 05 95 X Tgp 97

“Am_ Cm Bk

U Np | Pu

| W 1 [ w3Y o g b
1£232.038.101 231003535 [238i0280' 1 123M 0 1 244 (245001 R4

»californiu

198
(0

[251]

100 101
mm__na_sa

e [252) [257) 1256]

102
No

£[289]
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Perlodic Table and Perlodicities

There areseven periods (horizontal rows) in the periodic table.

* 1" period contain two elements i.e. hydrogen (H) and Helium (He). This iz also
called the shortest period of the periodic table.

* 2" and3" periods each contains eight elements and are called short periods.

4" and 5" periods have 18 elements each. In these elements, eight eleménts
are called representative elements and the rest of 10 elementg are
called Transition elements. In 4" period itranges from (scandium) to 5S¢

wZn (zinc) andin 5" periodsitrangesfrom Y (Yttrium)to cd (cadmium),

6" period contains 32 elements of which 8 are representative elements, 10 are
transition elements and the rest 14 are known as Lanthanides series.

7" period has also 8 representative elements, 10 transition element and the
restarecalled Actinides series.

Periodic table is still incomplete and with the discoveries of new elements, it will
keep on adding these elements over the time. The number of valence electrons
(electrons in the outermost shells) of the elements in the same period increases
gradually by one, across the period from left to right. This leads to g parallel
development of properties for elements in each period. For example,

properties tend to decrease across each period while the non
tend to increase.

Scientific Information

Representative Elements: All s-block and p

representatiye‘c}lements- Transition elements: Those elements which show
variable valency are called transition elements, Lanthanides Series:
Lanthanides series are those elements which come after lanthanum in 6"
periods. The lanthanide series contain 14 elements, which ranges from

.2 (Cerium)to L (Lutetium). Placed below the periodic table.

| Lanthanide series elements are also called rareedrth elements, |

Actinide series are those elements which come after Actinium in 7 periods.
The Actinide series contain 14 elements, whichra iy

ngesfrom o,Th (Thorium) to
wsLr (Lawrencium), placed separately at the bottom of the table beneath
Lanthanide series.

the metallic
-metallic properties

"block elements are called

NOTFOR SALE @
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Periodic Table and Periodicities

Practice Problem: 3.1- :

. Whiqh is the first element of the second period of the periodic table?

~+ Whichoneisthelast element of the second period of the periodic table?
. Howmanye_lements-areinthatperfod?- ' g i ek Lot S

3.1.2 Groups

The vertical columns of elements in the periodic table are called Groups.They are
numbered from I to VIIL.

Relationship between Group Number and Electronic Structure (Top to Bottom)
The periodic table is arranged in such a manner that the elements in the same
group have the same number of electrons in the outermost shell of theiratoms
i.e. they have the same number of valence electrons. [t is clear from the fig. 3.2,
that atoms having the same number of valence electrons are presentin the same
group. : :
Because of the similarity in the number of valence electrons, the elements show
resemblance in their chemical properties in the same gfoi:p. Hence the first
group elements namely, Lithium (Li), Sodium (Na), and Potassium (K) possess
one valence electron each and they show similar chemical properties. These
elements are very reactive, electropositive and show metallic character. They are

also called alkalimetals or alkali family.

! : Vil
e 2% e
1 /"ﬂ Group 1 elements have K W Group 7 elements has 2 -*
H . 1 valence electron = : 7 valence electron He)
1] 1 Vil
9 10

OO

| . All atoms of elements in the same group have the same number of

. valence electrons.
. As the group number increases, so the number of valence electron

also increases.

Fig.3.2 Relationship between Group Number and Electronic Structure
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Periodic Table and Periodicities

Beryllium (Be), Magnesium (Mg) and Calcium (Ca) belong to second group. These
elements are also called alkaline earth metals. They possess two valence

electrons and show similar chemical behavior in the group. They are less
electropositive than alkali metals.

Group Il is called boron family. All the members of this family hfwe thfee
electrons in their outermost shell. Group 1V is known as carbon family, havu-qg
four outermost electrons in all family members. Group V is called nitroge:n family
and Vi is called oxygen family, having five and six outermost electrons in all the
members of the family respectively.

The seventh groupis called halogens. They have seven electrons in their valence

shell. They require only one electron to complete their valence shell. They are
very electronegative. They show non- metallic character-

The eighth group is called noble
electrons in theijr valence shell.
character due to the completion of

gases or noble family. They have two or eight

They possess ‘a chemical inertness in their
theirvalenceshell.
Based on the electronic sub

- shell, the group - | and group - Il elements are
calleds - block elements. As inthese elements the 's’ sub - shell are in the process

led p - block elements.
i

W v v wvioviovin
Periods '

: AASA A A A
F
N B
| S-Block : ¥t

| Faiod |

‘Shell Nﬁmber {.PEE!‘M)
Halogens
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Periodic Table and Periodicities

As in these elements the 'p' sub - shell is in the process of completion.All s-block
elements and p - block elements are called representative elements. The
“transition elements are called d - block elements, while the lanthanide and
actinide series elements are called f - block elements. A general sketch of the

periodic tableis shownin figure 3.3.

EXAMPLE:3.1 v ﬁ

Use the periodic table to identify each of the following:

(i) The fifth element of the first transition series

(i) The element of the fourth period that is also in group VB
(iii) The last lanthanide

(iv) The seventh transition element

(v) Thesecond actinide metal

(vi) The first element of group VIII

(vii) The third halogen.

(viii) The first alkaline earth metal

(ix) The first coinage metal

Solution
(i) Min (ii)) V (iii) Lu (iv) Co (v) Pa (vi ) Fe(vii) Br (viii) Be (ix) Cu

Practice Problem: 3.2 O\ Tl S BB RIS

!dentify the second noble g{_s;

Scientific Infﬁrma’non

Hydrogen is the lig htest, most abundant and explosfve gas on Earth. Fluorme is the
most reactl‘ve,an‘ﬁ most electronegative of the elements, making elemental Fluorine a
dangerouslﬁr powerful Oxidant. This leads to direct reactions between Fluorine and

most elefnents, including noble gases Krypton, Xenon and Radon. There are 17 gases
in total, which can be found'in the natural atmosphere on Earth. Only Oxygen and

Nltr‘egen are found in large concentrations; 20.9476% and 78.084% respectively.

. Oxygen concentrations below 16% are considered unsafe for humans.

@) NOT FOR SALE
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Periodic Table and Periodicitjes

*  Group numberindicates the number of electron in the outermost shell of an atom,

* Period number indicates the number of electron shellsin an atom.

To which group does the element Potassium belong?

To which period does the element Arsenic belong?

To which group does the element Titanium belong?

State whether the following elements are metals or non-metals.
Cesium, Boron, Selenium, Phosphorous, Astatine, and Osmium

How many shells and valence electrons; the element Calcium will have?

Element X is located in period IiI, group Il of the peri'odic table, deduce its
electronic configuration.

A. 2

B. 2,3 :
G 2,8,2 :

DJSSE Sf0y3

3.2 Pe'rid_dicity of Properties

In a same group, all the elements will have similar general physical and chemical
properties. It means after a certain interval the properties of the given elements
are repedted. A pattern of repeating Properties at regular interval is called

periodicity. This is the repetition of the Properties in the different groups and

periods of the periodic table, when the elements are arranged in the increasing
order of their atomic numbers.

NOT FOR SALE @

Scanned with CamScanner



Periodic Table and Periodicities

The process /[pattern by which there is repetition of properties in all the groups
and the periods after a certain interval, are called the periodicity of properties..

Here we will discuss the periodicity of some physical properties of the elementsin

the periodic table.
3.2.1 Atomic Size

The size of an atom is not rigidl}r fixed but it varies when combined with different
atoms. The same atom may have different sizes in different combination. It must
be remembered that an atom in isolation has different size (atomic volume) than
when it is in combination with other atoms. The atomic size of an atom is
expressed in terms of Atomic radii, covalent radii and lonic radii.

() AtomicRadius

The distance between the nucleus and the valence sheﬂ (outer shell) of the atom
is termed as atomic radius. The atomic radius is represented by “r”. The atomic
radius is directly proportional with the number of shells. The atomic radlus are
expressed in the nanometer (1.0x10° ’m) or the Pico meter (pm =1.0x10 "'m).

Fig. 3.4 Atomic Radius

®)  NOT FOR SALE
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Periodic Table and Periodicities
Trends of Atomic Radius in the Periodic Table
(a) Trends of Atomic Radiusin Groups
The atomic radius in periodic table increases in group from top to bottom, due tg
the addition of new shells in successive periods and shielding effect of electrons,

(b) Trends of Atomic Radius in Periods

The atomic radius decreases in the period from left to right, due to the addition of
electron in the same shell. As the number of electrons increases, the number of

protons also increases, which increase the nuclear pull on the electrons and pulls
them nearer to the nucleus. Thus, the atomic radius decreases.

Table 3.1 Atomic Radii in angstromunits (10” cm) of the

representative elements

H He

037 X 8 2o
T ™ B | .c N 0 F Ne |
1.23 | 0.89 0.80 0.77 | 0.74 | o0.74 0.72 | 0.51
Na Mg | Al Si P S Cl Ar
135 | 1.36 < 1.25 117 | 110 | 1.04 0.99 | 0.88
K Ca Ga Ge As Se Br Kr
2.03 4 1.74 1.25 122 | 121 | g4y 114 1.03 |
Rb Sr In Sn- Sb Te I Xe
2.16 | 1.91 1.59 141 | 1.41 1.37 1.53 1.24
Cs Ba Tl Pb Bi Po At Rn
2.35 | 1.98 1.55 154 | 1.52 1.53 1.63 1.34

AP 2 ] ms!
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Periodic Table and Periodicities

ii) CovalentRadii

The one half of the distance between the nuclei of two similar atoms of the same
molecule containing a single covalent bond. Therefore, the bond distance
l petween the two atoms 'A’'and 'B' is the average of the lengths A-A'and B-B'.

Dis_tance between nuclei

Covalent radius (r)= %

Nowr

7 P Wi

Covalent radiqs"of H,= %

Fig. 3.5 Covalent Radius of Hydrogen molecules

@ NOT FOR SALE ?
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Periodic Table and Periodicities
Examples of halogens

Intermoleculardistance  Covalent " Intermolecular distance Covalent
(bond length) radius (bond length) radius
' 11
143 pm 72pm s
— .—
v
1
{.
4 -
| F2
1 100 pm 133 pm
i C~Y . ]2
Fig. 3.6 Covalent Radii

0202 'oniz i T £ ‘\w} T, .. Py, v S
3 ation Energ){grionmqtlon Potential
| When an electron is completely removed fro
- ‘ mpl from the valenc
b say that the atom has been ionized. Thi i B Lot gtom,

_ ids been ionized. This process is know

needs energy. The process of ionization can be re
general equatidp,iavhereA isany gaseous atom:

we
n as ionization, which
g presented by the following
Chtoms, =P | cations Electron
Ag, "_Ei'lli—w‘—h' "a’A:g, ‘%-é‘ :

The minimum energy required to remove the valence Slectron
outermost shell of gaseous atom to form the positive
potential or ionization energy. lonization -energ"jr of a
experimentally in joules or kilojoules per mole.
Forexample, the firstionization energy of sodium and Mmagnesium is represented
by the equation:

from the
ion iis called ionization
n element is measured

NOT FORSALE = @
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Periodic Table and Periodicities

Nay, T o N e I.E = +496kJ/mol
similarly,
Mg(g) — Mg, +e I.E = +738kJ/mol

The above two values for sodium and magnesiuh'r are called the 1" ionization
potential for sodium and magnesium respectively. The energy required to remove
a 2" electron, after the removal of first electron, is called 2™ ionization potential.
Magnesium's second ionization energy is represented by

Mg(‘;) -—-E'ﬂv Mg‘(‘;) + e I.E = +1450Kkj/mol

Table 3.2 ionization energies (in. KJ/mol) for elements of Period 1-3

Period 1 Period 2
e e e S S
!r'lE, | 1312 3272 520 900 . 8o1 | 1086 | 1402 1314 | 1681 2081
s 5250 | 7208 1757 2427 | 2353 | 2856 | 3388 | 3374 | 3952
ilE3 | 1815 | 14849 | 3660 ' 4621 | 4578 | 5300 | 6050 | 6122
'L g2 s \,,} : Period 3
[y = Na | Mg Al iy <SSP SEEIRCl Ar
(g e 496 = 738 | 578 | 787 | 1010 | 1000 | 1251 | 1521
GE | 4562 | \14.51 1817 | 1577 | 1903 | 2251 | 2297 | 2666
:;5_3 o : 6‘91'2\/ 7733 | 2745 | 3232 2912 | 3361 | 3822 | 393t

It is observed that ionization energies of atoms depend upon several factors.

Theseare,

(i) Atomicradius of the atom

(if) Nuclear charge of the atom

(iii) Shielding effect of low lying electrons
(i) Electronic configuration of the atom

@ NOT FOR SALE
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Periodic Table and Periodftitie
s

Trends of lonization Potential in the Periodic Table
(a) Trends of lonization Potential in Groups

The ionization potential in a group decreases as we move down the group
because of increase of atomic size. The elements at the top of the Group hqy,
maximum ionization poiential and the elements at the bottom of the group hqye
minimum ionization potential.

(b) Trends of lonization Potential in Period

The ionization potential increases in a period in the periodic table from left to
right. The elements, which are on the extreme right of the period, has maximum

ionization potential and the elements, which are on the extreme left of the
period, has minimum ionization potential. )

Table 3.3 First ionization energies (kJ/mol).of the representative elements

a N

H : o He
1312 2372

Li Be B c N ) F Ne
520 899 801 1086 1402 1314 1681 2081

Na Mg Al Si P sk f Ar
496 738 . j ‘578 786 1012 | 1000 | 1251 1521

K Cﬂ Ga Ge As Se Br Kr
419 590 579 762 947 941 1140 | 1351
.‘ = = '_-'__._--’_F-’_

Rb SrE S Win Sn Sh Te | Xe
403 549 | 558 |. 709 83 - 1170
34 869 100871

Cs Ba T Pb Bi Po At Rn
| 038
376 502 589 716 703 812 L e
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Periodic Table and Periodicities

N

icli atom in each of the following sets has the largest ionization energy?

wh

(a)K,Ga, Se  (b)O,5,Se  (c)In,As, Cl

solution

(a) Se (The ionization energy gets larger as we go to the right in the periodic
table.) :

(b) O(Theionizationenergy gets smaller as we go down the group.)
(c) Cl(The jonization energy gets larger as we go to the right and as we go

up.)

Practice Problem: 3.3 : \%‘} TG
"'« Which atom in each of the following sets has the la@?%nizaﬂonenergyg
- (a)Be,GN (b) Mg, Ca,Sr (c)Sn,Se,F \2\ Rl A e 4

1.
K
t'g ;= NN ST

Potassium

Hydrogen Lithium Sodium

* Electron diagrams for same of the Group-I elements

e

* Usea periodic table, to complete the last two diagram for sodium (Na) and

potassium (K).

* What do you notice ab
levelin each case? ;

+_Explain why elements from group-I are more reactive than elements from
group-ll of the periodic table (Hint: Think back to ionization energy)

—

out the number of electrons in the valence energy

- b T - S i e —
] s . . o ‘:._._: T

N

¢ _E‘--:_p, 4~
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Periodic Table and Periodfcitje
3
3.2.3 Electron Affinity (E.A)

Electron affinity means love or attraction for accepting electron. Aj| these

elements in the periodic table possess varying tendencies towarqs the'

- . . in l
acceptance of electrons in their outer shell. The new incoming electron When

absorbed by the atom is slightly bound by the nucleus of the atom throygy, .
attractive force. This causes an evolution of energy. Thus, the electron affinty of

the atomis measured in terms of energy. .
The minimum amount of energy released when an electron is added to gasegys
atom of an element in its outermost shell to form an anion is called electrop

affinity. It is represented by E.A. It is assigned negative values and expressed in
KJ.mol . For example,

= = ; ’
a +eé —» S CEA =-348.8KJ)/mol

The energy released by the addition of thefirst electron s called the first electron
affinity; the energy released by the addition of the second electron is called the
second electron dffinity. By addition of the first electron, the energy is released,

but the addition of the second electron requires the absorption of energy. This
energy isrequired to overcome the electron — electron repﬁlsion.

Forexample,
= -1
(cz),s) (®) % (%). E.A=-141.0 KJ/mol
en* € 0 . /mol
N2,T) 28) E.A = + 844.0 KJ/m

Factors Affecting the Electron Affinity
Following factors affect electron affinity.
(i) Nuclear Charge
(i) AtomicRadius
(iii) Shielding Effect

(iv) Electronicconfiguration
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Periodic Table and Periodicities

atoms with smaller atomic radii, greater nuclear charge and poor shielding
effect have usually high electron affinity values.

Trends of Electrons Affinity values in the Periodic Table

(a) TheElectron Affinity in Groups

When we move in a group from top to bottom in the periodic table, the electron

affinity decreases. The decrease in the electron affinity is due to the addition of

new shells. These shells make a shield between the nucleus and outer most shell
and force of attraction between the nucleus and valence electrons is reduEed
&

N

(b) TheElectron Affinity in Periods \(w\

§
When we move in a period from left to right, the electron affinity increases. This
increase in the electron affinity is due to increase in the nuclear charge and
decrease in the atomic radius from left to right. Therefore, the tendency of taking

Therefore, the tendency of taking electron is decreased.

electronis increased. A
Table 3.4 Trends of electron afﬂnity . 8A
1 : ,<\\/’ - .
3A 4A . S5A 6A

(13 (14) (15) (16)

L

L
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Periodic Table and Periodicitie
1

3.2.4 Shielding Effect

Electrons in atom are distributed in different shells or orbits. They are revolving
around the nucleus. The electrons in the valence shell spend most of the time
away from the nucleus than the inner orbital electrons because these electrons
do not feel the pulling effect of the positive charge of the nucleus. As the Number
of shellsincreases between the nucleus and the valence shell, shielding effect will
be increased and there will be more protection of the electrons. from tp,
attraction of the nucleus. So, the removal of the electrons from the outer mogt
shell is easy. Therefore, shielding effect has a direct impact on the atomic rqdj;

ionization potential and electron affinities of the elements.
Theinner electrons shield the outer electrons from the nuclear charge and redyce

the hold of the nucleus on these valance electrons. This effect is called shielding
effect or screening effect.”

Trends on shielding effect in the periodic table

(a) Shielding effectingroups

When we move in a group from top to bottom, the shielding effect are more
effective than the nuclear charge. This is because a new shell is added as we move

down in the group. This shell screens the valance electrons from the hold o f the

nucleus. This causes a decreas_e in the ionization energies and electron affinities of
the elements down the group.

(b) Shielding effectinperiods

When we move in a period from left to right, the atomic number increases. The

Shielding
increases
Lithium Sodium

- Cesium
Fig. 3.7 Shielding effect trend in first group
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Periodic Table and Periodicities

positive charge on the nucleus also increases. There is no change in inner orbits,
shielding electrons. Consequently, the increasing nuclear charge wins over

shielding effect, which remains constant.

3.2.5 Electronegativity

Electronegativity is a property associated with the atoms when they are
chemically bonded to each other. In a covalent bond, the two atoms involve in
bond formation, mutually share their electrons. This shared pair of electrons is
then attracted by the nuclei of both the atoms. But different atoms have
different abilities to attract the shared pair of electrons of the covalent bond.The

ability of an atom to attract the shared pair of electrons towards itself.in a

covalent bond is called electronegativity. In other words, we can say that the
power of attraction for the shared pair of electron is called electronegativity.

Electronegativity is represented by E.N. If the two atoms have the same ability to
attract the shared pair of electron; we say that they have the same
electronegativity. In such a case the covalent bond between them is said to be a

non-polar covalent bond e.g. H,. On the other hand, if the bond is formed
between atoms of different electronegativity, it is said to be a polar covalent

bonde.g. HCI.
Factor Affecting the E lectronegativity

Following factors affect electronegativity of elements.
uclear charge, greater will be the electro-

(i) Nuclear Charge: Greater the(n
negativity. When we move in period from left to right, the nuclear charge

increases, so the electronegativity increases.
(ii) Atomic Radius: Greater the atomicradius, lower will be the electronegativity.
When we move in-a group from top to bottom, the atomic radius increase, so

electronegativity decreases.

(iii) Shielding Effect: As the number of shells increases between the nucleus and
the valence shell, so the removal of the electrons from the outer most shell is

easy. Therefore, the electronegativity will be lower.
(v) ' Electronic Configuration: The completely filled orbitals and half-filled
orbitals are stable. The addition of electrons to these orbitals is difficult.

NOT FOR SALE
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Periodic Table and Periogie;
itieg

their electronegativity isvery low.

Therefore,
ativity values also depends to some extent on

Beside this the electroneg
« thenatureofthe combining atoms

. theatomicvolumeofthe combining at
. thevalueofelectron affinity and

. thevalueof lonization potential.

ronegativities values of the elements. For thj,
from bond energies of diatomic molecules. On this
rine is 4.0 which is the highest of all the
5 and the electronegativity of Cesium s 0.,

oms

Pauling calculated the elect
purpose, he developed ascale
scale the electronegativity of Fluo
periodic table elements, Oxygen is 3.
which is the lowest.

~ Yourself."

- ———

e The least electronegative element is Cs (0.7), can you guess where is it

locatedin the table? '
e Can you tell, elements of which group have the highest electronegativity

values?

Trends in Electronegativity values in the Periodic Table:

(a) Electronegativity in the Groups
In groups, the electronegativity of the elements at the top of the group have
maximum, while the elements at the bottom of the group have minimum values:
This is due to the addition of shells and increase in atomic radius of the electron*
The new .inner shell increases the shielding effect and decrease tht
electronegativity.

(b) Electronegativity in the Periods

In the periods, the electronegativity increases as we move in the pé
left to right. The elements at the left of the period have Ve
electronegativity, while the elements at the extreme right of periods * "
maximum electronegativity. This may be attributed to the decreasing at‘::ne

s

size and increases nuclear charge due to the additio'n'Of electrons in the
shell.

riods from
minim”m
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It can

Fig. 3.8. Electronegativity trends of elements in the periodic table

be concluded from the above discussion that the elements located in the
right corner of the table will be the most electronegative elements.

EXAMPLE: 3.3

e ——

Which set has the more similar chemical properties?
(@)N,P,As  (b)Li,GF

Solution 7

Set (b) is in the same period (2);
the more similar chemical propeé
group.
Practice Problem: 3.4

set (a) is in the same group (VA). Set (a) has

Periodic Table and Periodicities

rties because these elements areinthesame |

NOT FOR SALE
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Periodic Table and Periodicities

Mendeleev developed Periodic Table containing periods and groups by
arranging elements in order of their increasing atomic weights.

old periodic law, the physical and chemical properties of the elements is the
periodic function of their atomic weights.

Modern periodic law, the physical and chemical properties of the elements is
the periodic function of their atomic number.

There are total eight groups and seven periods in the modern Periodic Table.
Depending on outermost electrons and electronic configuration, element in
periodic tableis groupedins, p, d and f blocks elements.

Transition elements are those elements which show variable valency.
Lanthanides series are those elements which come after lanthanum in 6"
period.

Actinide series are those elements which come after Actiniumin 7" period.

The properties, which are repeated in all the groups and the periods after a
certain interval, are called the periodic properties and this repetition of
properties is called periodicity of properties. |

The distance between the nucléus and the valence shell of the atom is termed
as atomic radius

The minimum energy required to remove the valence electron from the
outermost shell of gaseous atom to form the positive ion is called ionization

potential orionization energy.

The minimum amount of energy release
gaseous atom of an element in its outermost shell to form an anion is called

d when an electron is added to

electron affinity.
Shielding effect is greater in atoms with greater number of electrons.
Electronegativity increases alonga period and decreases down the group.

| NOT FOR SALE
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Periodic Tabje and Perjq dicig;
es

————

Choose the correct option.
() Which of the following elements isin the same family as fluorine:
}a) silicon (b) antimony
(c)iodine (d) arsenic
(ii) Whii?; the following would have the smallest ionization energy:
(a)K (b)P -
(c)s (d)Ca

(iii) An f)ement has configuration 2, 8,1.1tbelongs to,
(a) groupiandii period

(b) groupiii and| period
(c) grouplandvi period  (d)group Vil andii| period
(iv) Which of the following eleme

nts would bemost similarto carbon:
(a) nitrogen (b) 3qron
(c) oxygen S (d)silicon

(v)s>block elements are:

\/( a) metals (b) non-metals

(c) metalloids - (d) transition

(vi) Which of the following would have the largest ionization energy:
(a)Na (b) Al '
(c)H d) He

(vii) Elementsin a have similar chemicq properties:
(a) period (b) group
(c)both a and b (d)neithera nor p

(viii) An element has 8 electrons i tsvalence shell, Itjs member of:

\(P"alkdli family gb) halogen family
c) noble family (d) carbon family

(ix) The modern periodic tableis based op .

~ ¥(a) atomic number (b) mass numbper
(c) neutron number (d)isotope number

* (x) Shielding effect is due to:

(a) neutron .\( b) Proton
(c) protonand neutron (d) electron

NOT FOR SALE
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Periodic Table and Periodicities

SHORT QUESTIONS

answer briefly the following questions.
(i) Whichelement of group IAis not an alkalimetal and why?

(ii) Place the following elements in order of increasing ionization energy: Na, S,

Mgand Ar.

(i) Name the group and state the group number of each of the following
elements:
(a)K (b) Ne (c)Be (d)ci (e)C

(iv) Which element is the most electronegative among C, N, O, Br and S? Which
group does it belongs to?
(v) How do the first ionization energies of representative elements vary across a
period and down a group?
(vi) Which element is foundin,
~ (a)Period2,groupVil  (b)Period4,grouplil
(c) Period s, group Vi (d) Period 1, group Vi
@ How will you differentiate between representative and transition elements?
(viii) Make a general sketch of the periodic table showing s, p, d and f-block
elements (without showing the symbols of elements)
@’Why the s-block elements have two groups only?
(x) What type of element is Sulphur (S), a representative element, a transit_ion

element or lanthinide element?
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(i)

(iif)

(iv)

Periodic Table and Periodicities

LONG QUESTIONS

How modern periodic table is different from the Mendeleev’s periodic
table.

Differentiate between atomic radii and covalent radii. Explain the trends
of atomic radius in the periodic table.

What is electronegativity? Identify the most and least electronegatwe
groups of elements in the periodic table. Why is ﬂuorme specml in terms
of electronegativity? '

)
Define shielding effect and draw it affects the ion"ii&tion energy, electron
daffinity and electronegativity.

Explain the following terms. ‘ ﬁ\)S}
(a) Periodicity ofpropert-ies \8\\‘
(b) Electron affinity é
(c) Modern periodiclaw (Eé(/
O
<O
o\

Q-

3

Project Work |
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Unig 4 Structure of Molecules

b Aftei' studying this unit, the Students will be able to;(gi
W «  Find the number of valence electronsin an atom using the Period
Describe theimportance of noblegas electronic conf'gurations

« Statetheoctetand dupletrules.
«  Explain how elements attain stabihty

Describe the ways in which bonds may /be formed.
ance of noble gas electronic configurations in the

icTable.

= State the import

formation of ion. Q=
« Describethe fonnatror;\of cations from anatom of ametallicelement.

» Describe the formatlon of anions from an atom of a non-metallic

“element. e
Describe thgchdracterl’stlcs of anionic bond.

. Recogmze a compound as having ionic bonds

) ldentrfycharactenstlcs of ionic compounds.
Qe?tribe the formation of a covalent bon

~ elements.
\) Describe with examples single, doubleandtriple covalent bonds.

«  Draw electron cross and dot structures for simple covalent molecules
containing single, double and triple covalent bonds.

NOT FOR SALE
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Structure of Molecules

Introduction A
When you look around, you will find hundreds of thingis that ;re found in the 0
combined state. These things combine with each other in nunj er of ways( The
attractive force which keeps the atoms togetherin substances is called the bond,
Except the noble gases, which exist as atoms, all other elements and compounds
are formed by the combination of atoms) Ll ©

In unit 1, you have learnt that atoms can combine with one another to form
molecules. Molecules of the same elements consist of the same kind of atoms e.g.
0,, 05, while molecules of compounds are made up of different kinds of atoms
e.g. H,0 , CO, etc. Atoms combine with one another by the process called
chemical bonding. Why do atoms form bonds? In how many ways do they form -
bonds? What are the differences between the different kinds of bond? You will
get answers of these questions in this unit. '

4.1 Why do atoms form Chemical Bonds?
Every system in universe tends to lower its energy, in order to attain stability.

Water flows from higher level to lower level. Similarly, electricity flows from
higher potential to lower potential and heat flows from a hot body to a cold

body. Why is it so? Thishappens because both water and electricity are trying to
decrease their enéé%’é;:om ; m-the-same-way have tendency to decrease their
energy. The energy of the isolated hydrogen atoms is higher than the two
bonded hydrogen atoms. That is, the combination of atoms gives stable

molecule through emission of energy. They can decrease their energy by
combining with other atoms and form a chemical bond.

There are two concepts, which explain the chemical bonding,

i. Thevalenceconcept and
ii. - The Orbital concept) 3

A’ﬂ%%e ‘alence Concept (Electronic Theory of Valence)

In1916, G. N. Lewis and W. Kossel gave the electronic theory of valence.

It states that in a chemical bond formation, atoms take part by losing, gaining o'

sharing of electrons, so as to attain the inert or noble gas electronic
configuration. '

'NOTFORSALE ()
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_ valence can be named as the Octet or Duplet theory of

. B3
when atoms have two or eight g_l_.e_gggqns in their outer
most shell, they are stable. The electron theory of

valence.

(a) Octet Theory of Valence or Rule of Eight
Octet theory of valence explains the tendency of atoms
to attain eight electrons in the outer most shell in order
to attain stability.For example oxygen (0) atom has six : _
electrons in their valence shell. It shares or gains two G. N. Lewis '
electrons in its outer most shell and attain the stability/by
completing its outermost shell with eight electron. This is also known as the
Octetruleorrule of eight.

b) Duplet Ruléor Rule of two o
The tendency of atoms to attain two electrons in the valence shell in order to
attain stability. For Example, Helium (He) has two electrons in its valence shell
andisstable. -

The elements in groups Vil of the periodic table, such as helium, neon and argon
are known as noble ga.fé)r hey are also called inert gases because they are very

A

; §s%2 '
Helium has 2 These atoms have 8 electrons
electrons in the in the outermost shell.
outermost shell. l

s o
> o (o)
9)49) \-\\C.;f/ =

Neon, Ne

5 g . Krypton, Kr *
Fig. 4.1 Noble gas electronic configuration

______
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Structure of Molecyjes
stable and rarely take part in chemical reactions to form compounds.Thejr
stability comes from their completely filled outermost shells.

Except for helium that has two electrons in the outermost shell, all othf:r noble
gases have their outermost shells filled with eight electrons. A shell with eight
electrons is called an octet and is very stable. Thus, when atoms take part in
chemical reactions, they tend to combine in ways to complete eight electrons in
their outermost shell, to attain the electronic configurations of the noble gases

(except helium). ¥

=L B3
4-1.; CI' he Orbital Concept:
Thisconcept is based on the combination of atomic orbital to produce molecular
orbital. The atomic orbitals have one electron. These orbitals when come close to
one another, they overlap each other. This overlapping is either endwise or

sidewise. Endwise overlapping ::'/?duce sigma bond and sidewise overlapping

produce pi-bond) ﬁ’

Scientific Information
Valence Electrons

The electrons present in the valence shell of an atom are called the valence
electrons. The electrons which take part in bond formation is called bonding

electrons and the electrons which do not take part in the bonding are called
thenon bonding electrons.

Valence Shell

The outer most shell of an atom where the loss, gain or sharing of electrons
takes place during a chemical reaction.

B

4.2 ChemicalBond

When elements react to form a compound, chemical bond is formed. When a
compound undergoes chemical reactions, the bond between them is rearranged-
The attractive force which holds the atom together to form a molecule is called

chemical bond. When a compound decomposes, some or all of the bonds dar
broken down. ‘

4.3 Types of Bonds
There are four types of bond,

1. lonicbond

; ; : Jent bond
3. Dative Bond or Co-Ordinate Covalent Bond : :;):;ﬂlic bond

¥

 NOTFORSALE @

Scanned with CamScanner




AR IR T e

M U{) . Structure of Molecules
4,3,1éonic Bond _ |
The chiemical bond which s formed due to the complete transfer of electron(s)

rom one atom to the other atom is called ionic bond or electrovalent bond. The
transfer of electrons between atoms complete the octets and duplets. This type
of bonding is always between a metal and non-metal. Metals always lose
electrons to form cation and non-metals always gain electrons to form anions.
In ionic bond formation, one atom loses electron(s) and the other gains it. The
atom that loses the electron acquires positive charge and the other atom, which
gains the electron, becomes a negatively charged particle. Due to opposite
charges, an electrostatic force of attraction is setup between them. This force
holds these ions together. This force of attraction is referred as an ionic bond.i(, to
An atom having low ionization energy will lose one or more electrons to form
cation. An atom having high electronegativity will gain one or more electron's to

/'c-rmanion. v Wﬂg -
(i

i) Formation of Sodium Chloride (NaCl)
Sodium (Na) and Chlorine (Cl) combine to give Sodium Chloride (Nacl).
Theatomic number of Sodium (Na) is '11'. _
Itselectronic configurationisK=2,L=8, M =1
Itis clear that Sodium has one electron in its outer most shell. It has the tendency
to lose one electron to attain the inert gas electronic configuration of Neon. So

the Sodium ion (Na") is formed.

Na ———»> N&) . + e
2.81 2.8

The atomic number of Chlorine (Cl) is'17’

Itselectronic configurationisK=2,L=8,M=7
Itis clear that Chlorine (Cl) needs one electron to complete its outer most shell. It

has the tendency to gain one electron to attain inert gas electronic configuration

of Argon. So it forms Chlorideion (CI").

cl + e PR S«

2,8,7 2,88
We know: that opposite charges attract each other, therefore, an electrostatic
force of attraction is set up between Na“ and CI" ions. This force unites these ions
in'@erystalline lattice. In this way, an ionic bond is formed between Na' and CI'

ions, which results in the formation of sodium chlori de) 5"/ @

NOT FOR SALE
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cl-
Sodium atom Chlorine atom ~ Sodium ion Chlorine jon
(a cation) (a anion
Sodium chloride (Nacl)
11e” y
Loses an 10€e” Na' o

@ electron @ >
L
Neutral Na

(e

Na' ion
17e" \'

Gains.an
electron

atom

Neutral Cl i
atom Cl ion

Fig. 4.2 Formation of NacCl compbund

L

(ii) Formation of Calcium Chloride (CacCl)

Calcium (Ca) and Chlorine (Cl) combine to give Calcium Chloride (Cacly)-
Calcium has two electrons in its outer most shell. It has the tendency to l0s€ two
electrons to attain the inert gas electronic configuration of Neon. So the Calcium
jon (Ca®) is formed. . :

C a.‘l,ﬁ,.s; 2 1 C a::s,s + 28_

'NOT FOR SALE
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structure of Molecules

chlorine (CI) needs one electron to complete its outer most shell. It has the

tendency to gain one electron to attain inert ga
argon. Soit form Chlorideion (CT'). gas electronic configuration of

Gl LG

2 . » ol !
one Ca*? and two chloride ion (CI" ), which results in the formation of Calcium
chloride (Cacly). 23

cai' s e ———EJE Cacl;

Fig. 4.3 Formation of Cacl,

This explains the divalent nature of calcium (Ca), similarly, we can show the
trivalent nature of Aluminum (Al) atom in the formation of AlCl; molecule.

Rl S e Tl

_Yourself. 3 ' |
S il 2 |

1. a.Inwhat ways do atomsform ions? |
b. Why doatoms formions?

2. lonichonds are formed between Which two types of elements.

3. Statethe formulaof theions formedby the following atoms
' a.Calcium (2,8,8,2)
4. Draw a diagram to show't

Magnesium chloride (MgCly).

b. Fluorine (2,7) . Lithium(2,1) and d.Oxygen (2,6)
he ionic bonds in magnesium oxide (MgO)and

@ NOT FOR SALE
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Structure of Molecyeg

We have learnt that molecules of elements are made_ up of t:e Same kind of
atoms. An example is a molecule of hydrogen, made up.of two hydrogen atopms
and its formula is H,. How are the two hydrogen atoms joined or bonded? Since

the two atoms are identical, we do not expect one of them to transfer its electron
to the other. Instead of t

rgnsferring electrons, the two atoms form bonds p,
sharing of electrcl‘ﬁ?.Q A cﬂent bond is formed when two atoms aré joineq

together by sharing of electrons. Generally speaking , covalent bonds are formed
between two non-metals elements.

H—H

H =1 e ;

H + H— H,

Fig.4.4  Formation of molecule of hydrogen
G.N. Lewis proposed that two atoms could attain st
by sharing electrons between the

able electronic configuration
' shared p
by a dash (-) between the two bonded atoms,
remains between the ¢

air of electrons js represented
g L The shared pair of electrons

N ~ donded atoms and are cqjjeqg the localized electrons.
E_’;:O:;thh lls formed by the Mutual sharing of electrons is called covalent
'nd. Forexample, Hydrogen molecyle (H,) Oxygen molecule (0,), hydrochloric
acid (HCl) etc.- : : 2), hydroc

- Covalent g
(strong) L

Fig.45 F Ormation of Mmolecyle

NOT FOR SALE
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Structure of Molecules

e ———

~ Society, Technology and Science ~————

@ (e is a substance that allows two Surfaces to be bonded together. The term is
commonly used interchangeably with ‘igdhesive”. An adhesive holds materials

ere are different types of adhesive e.g. cement, glue etc. There are many |
natural and synthetic adhesives in used. Adhesives can also be used as coatings on the
surfaces that are subjected to corrosion and rust, Adhesives are also used in many
repair applications. These are commouly used to fix brokej-:gishes and to make other
repairs that would be impossible or difficult by.other means. This can also provide .
improved mechanical strength. A pépular applicationdf.adhesives is to encapsulate
electronic components, providing_protection fo Ehitcom ponent aga}hs't

environmental and mechanical damage. ™ <, N

together. Th

EXAMPLE: 4.1

Draw an electron dot and cross diagram

and the lone pairs.
Solution

for HCl. Label the single bond pair

H x \ -(:3:|> Ion‘e pairs

Single Bond

Practice Problem: 4.1 N = BRSNS
" Draw an electron dot ang@'dlagmmfpr H,0. Label the single bond and
| thelone pairs. : e S - =

| Jb"% @s

4.3.2.1 ﬁ ypes of Cova
The covalent bond is further divided

i. Single Covalent Bond: - :
are one electron each to formapair of electrons

The bonds in which two atoms sh
is called single covalent bond. Asinglestraight line (=) shows the single covalent

bond. For example, Ha, Cla, F2 €1C-

2N\

lent Bond
into three types.

| NOT FOR SALE
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Structure of Molecyeq
(a) Chlorine (cl,)
Chlorine molecule is formed from two Chlorine atoms. The Chiorijne atom
electronic configuration is (2, 8, 7). A Chlorine atom has seven electrons j, its
valence shell. The two Chlorine atoms mutually shares one electron witp, each
other to form chlorine molecule (Cl,) . Therefore, both Chlorine atoms attain
inert gas (Ar) electronic configuration and complete their octet.

C=238,7 L Cli=2%8% cd—ca
@ ' @ “
cl+ ¢l al,

&

Fig. 4.6 Molecule of Chlorine .
(b) Molecule of Methane, CH, (atomicNo. H = 1,C=6)

Carbon has four electrons in its outermost shell and needs four more electronsto
attain the noble gas (Ne) configuration. Therefore,

four atoms of hydrogen -
mutually share one electron each with a carbon ato

m to form a molecule of

methane. . :
(&)
(@ X
Co*+2H,, — CH w

4
Fig. 4.7 Molecule of Methane

NOT FOR SALE
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structure of Molecules

g

ﬂ pouble covalent bond F
The bond in which two atoms share two electrons each to form two pdirs of

electrons is called double covalent bond. A double straight line (=) shows sucha
covalent bond. For example, 0,, C;H,, CO,, etc.

(a) Oxygen (0y) _
oxygen moleculeis formed from two Oxygen atoms. The Oxygen
configuration is (2, 6). An Oxygen atom has six electrons in its valence shell and it

shares two electrons with another Oxygen atom to form oxygen molecule (0,)-In /|

this way, both Oxygen atoms attain inert gas (Ne) electronic configuration and
complete their octet.

atom electronic

0=

6 . 2,6 : 0=0

0 +0 —=—» 0, . -
G

0=2,

Fig. 4.8 Molecule of Oxygpn_

(b) Carbondioxide (CO;)
Similarly, in carbon dioxide, carbon atom shares

atoms and form two double covalent bonds.

four electrons with two oxygen

0=26 C=2,4

Molecule of Carbondioxide

NOT FOR SALE
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Structure of Mo,
/("l) Triple Covalent Bond B

The bond in which two atoms share three electrons each, to form three pg;
. - rs
electrons is called triple covalent bond. A triple straight line (=) shows g co :

bondin which total Si F
x electrons are shared. orexample N,, C
(a) Nl'trogen(N ) ' . € N CH; etc.

Nitro i i :
g gen molecule is formed from two Nitrogen atoms. The Nitrogen g,
ectroni i ioni ] ¥
i nic configurationis (2, 5). A Nitrogen atom has five electrons in j¢s valen
- - i c
and it shares three electrons with another Nitrogen atom to form nr’trogeE
n

molecule, i i
i fn_thfs way, both Nitrogen atoms attain inert gas (Ne) electroni
onflguration and complete their octet. i

Valent

N=2;5 = '
- N‘er N =N

(D-(=Ca)

~ iy
e’ectr;tr(:negatrwty of the bonding atoms. If
ntransfer will occur ang ionic bond will

form. If the electronegativity

differ i '
sharedand covalent bond will f ITetencelt less than 1.7, electrons will be

orm.

1 ' _J
.r.— _____-__-___
Classify the following substances gs -co.valént orioni
( c:
Co,, NadCl, H,0, CsHg, Mgcl, and Hcl.
. =
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Structure of Molecules

| ExAMPLE:4.2 ‘ ]

= — s :
| Which one of the following is (1) uncombined atoms (2) molecules (3) and
consist of ions?

(a) 0, (b) Ne(c) NO, (d) KCI (e) Na,0
Solution

(a) O, consists of molecules.

(b) Ne consists of uncombined atoms.
(c) NO, consists of molecules.

(d) KCl is ionic.

(e)Na,O consistsofions. ~

Bt e o Btod AN |
' Which one of the following is (1) uncombined atoms (2) m@’?ﬁles and (3)
* consistofions? | Yo il :
(@H, (b)He (HCI ()HgO o PN e

4.3.3 Co-ordinate Covalent Bond or Dative Bond

As defined above a covalent bond is formed between two atoms, when they
share valence electrons with each other. In someé compounds, it is observed that
electrons shared for the formation of covalent bond between atoms donot come
from both bonding atoms, the pair of electron is donated by one of the bonding
of covalent bond is called co-ordinate covalent bond or
dative bond{The &&valent bond in which only one atom donates the shared pair

of electron is called co —ordinate covalent bond or Dative Bond.

_The atom, which donates the shared pair of electrons, is called donor. The atom,
which accepts the shared pair of electrons, is called acceptor and electron
deficient species. An arrow (—) represents the co - ordinate covalent bond,
which is directed from the donor to the acceptor atom The co - ordinate
covalent bond. is different from the ordinary covalent bond. Those compounds,
which have the co - ordinate bond, are known as the co - ordinate covalent

compoundsgfor example,

() Ammonium ion (NH;)
In dmmonia molecule, the Nitrogen atom is bonded to three Hydrogen atoms.

There is still one unshared pair of electrons with the Nitrogen, an electron rich

atoms only. Zhis

Scanned with CamScanner
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Structure of Molecyfes
species. The Hydrogen ion (H') is electron deficier species. Uilgdpad Nitrogen
forming the Ammoniumion (NHy)-

H H T ’
|~ |
H— Nt H —» H=N>H —P ”"T""”
I - I
H H ' H

Fig. 4.11  Structure of Ammonium O

(ii) Addition compound of NH; and BCl,

The Nitrogen atom of NH; has lone pair of electron and is electron rich species.
The Boron atom of the BCl; is short of two electrons to complete its octet. An
addition compound is formed when the Nitrogen of NH; donates this lone pair of
electron to the Boron of BCl; whic_‘hﬂdccepts it and forms the addition compound.

e ) Bt il T
O+ NiH — c,__El,m,L__._H
o il | | |

_ - cl H
Cl H
| |

Cl B <+ N HEN.
e

Fig. 4.12 Structure of NH; and BCl,
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Structure of Molecules
Lewis structure
in Lewis structures, unshared (non-bonded) electrons are shown as dots or cross

and shared pair (bonded) of electrons is shown as lines between atoms. An
example of Lewis structure of water is,

Draw the Lewis structure for hydrogen sulphide, H,S.
Solution

Answer:

HS H or H——:S:-——H»

Yourself. =

et g g

—_——

1. a.whichgroup of the elements form covalent bonds? :
b. Howis a covalent bond formed between two atoms:

2. Howmany electronsare sharedina,

a.Si " b.doublebond _
o fg;.zﬁgierzz:ind cross' diagram to show the bonding in each of the

following molecules:
a. Chlorine, Cl,

R\
AN

b. Hydrogen chloride, HCI  c. Ammonia, NH;

@
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Structure of Molecules

M"w 4.3.4 Polarand Non-Polar Bonds
(i) Non-polarcovalent bond
The covalent bond which is formed by the mutual sharing of electrons between
atoms, haw‘ng similar electronegativities is called non - polar covalent bond, For
example, H,, Cl,, Br, etc. Insuch cases, both the atoms attract the shared pair of
electrons equally. So opposite poles are not created in these bonds.

.~ Hydrogen, H,

(D

) | Chlorine, cl,
Fig. 4.14 Non- Polar bond in H, and Cl, molecu
(l‘i) Polarcovalentbond '

The covalent bond which is formed by the mutug
atom, having different electronegativities is calle

] [} . .
. Consider the 'HCI' molecule. There js single covalent bond between 'H' and 'Cl'

atoms. As th? electronegativity of Chldrineaatom is greater than the
electronegativity of Hydrogen atom, Therefore, the shared pair of electrons

! 't :
between 'H' and 'Cl' atoms is attracted more towards 'C|' than Hydrogen atom

les

[ sharing of electrons between
dpolar covalent bond.
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structure of Molecules

Hence, a partial positive charge is produced on Hydrogen atom and a partial
negative charge is produced on Chlorine atom. So opposite poles are formed in
H- CImolecules and the bond is called a polar bond.

v = &+
— H—

~ Fig. 4.15 Polar bond in HCl molecule

Other e_'xamples are H,0, NH;, etc.

' Q 40= |

(1) """*” Zo SRS
& | e
| ‘ Water '
| ve _;
| N '
\ +4
i —-—' ’O)D H

H+5 H-i.g

Ammonia

Fig. 4.16 -Polar bond in H,0 and NH; molecules
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Structure of Mo!ecu!es

B
| ' Chemical | Lewis Type of bong_||
S. No. Compound symbol/ | structure (polar/ non polar
‘ formula - covalent bon)
. | Ammonia NH;
T e |
2. | Water H;0
R e S 0
3. | Hydrogen chloride HCI
B e~ 53
4. | Nitrogen N> :
5- | Oxygen 0, N
~———~—%—-—=———________—=—______“———______'________________
6. | Methane CHy
7 Hydrogen H, . £
______-_—_T_'_—__“‘————- h"_‘—‘—-—-—-_________.._.________-_____
8. | Phosphine T ‘
9. | Sulphur dioxide Tﬁxﬁh“““‘
e - |
10. | Chlorine T‘"\\‘* i
i | o

4-3.5 MetallicBond

There are many metqs Present in the
(Ag), Copper (Cu), Platinum (Pt) et
molecules. For €xample, q sq

Periodic table, e.g, Aluminum (Al) silver -
C. Metals gre f

mple of : Ormed from atoms not

- 'P'€ of pure golq js The
atoms in metallic solids dre bonded tightly to each Ot);-,oﬂned of gold atoms.
ionic, nor covalent becayse they are

neither formed d
due to sharing of electrons between

ue to electron transfefr nor
the atoms, Inme
kind of bond called metaljic bond.

tals, we deal with different

NOT FOR SALE

Scanned with CamScanner



e i) "

e A%Az/é e | |
The metallic bonds cannot be
explained on the basis of ionic,
covalent bond or Van der waal's
forces. There are various theories,
which explain the metallic bonds.
The metallic bonds can be
explained on the basis of electron
sea or electron gas theory. Atomsin
metals are bonded with each other
in such a way that every atom is
attracted from all sides by other
atom. :

- : ‘_*___ﬁ 4.17 Metallic bonding
In the metal lattice, metal atoms lose their outer electrons and become positively
charged ions. The outer electrons of the atom no longer belong to any metal atom
and are said to be delocalized, which means that they do not belong to any one~ ‘
atom but move freely between the metal ions like “a cloud of negative charge. |
These mobile electrons form asea of electrons around the metal atoms, which are |
held together in a metal lattice (figure 4.37). The chemical bonding that result
from the attraction between metal positive ions and the surrounding sea of

electrons is called metallic bonding.

PIDPROOE

CCEERERE)
CEEEEEEE
CCECEELE
CEECEELE

Identify ten common’ substances in and around your home and indicate
whether you woufg expect these substances to contain ionic, covalent or |,
metallic bonds.

Shapes of Moleéﬁfes

Molecules are extremely s

mall in size. They cannot be seen with naked eye.
Scientists are able to determined the size and shape of molecule from
experiments and analysis. These experiments show that the shapes of molecules
are linear, triangular, tetrahedral, pyramidal or any other shape. For example,
the molecular shape of €Oz is linear, the water molecule is angular, BF; has
trigonal planner, CHjis tetrahedral and NH3 s trigonal pyramidal.

@ NOT FOR SALE
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Structure of Molecyl

BCI3'

Linear . Bent 1200

Trigonal planar

CH,

NH,

Bent Tetrahed_ral : | Trigonal pyramidal
; - * P S
. @ Fig. 4.18 Shapes of €02, 50,, BCl;, H,0, CH, and NH;
4-4 (Intermolecular Forces '
The forces of attraction between the molecules of Compound -are cqlled
intermolecular forces, ' '

than the covalent bond., Forexample, i ] &
»trequires 464 kJ.mol to
break the H - 0 bonds within a wat : %94

_ bre_rak theintermolecular forcesbetween water molecyles, Eﬁ fg) ;
The intermolecular forces are much wegker among the Mmolecules of gases
whereas, they are stronger in the molecuyles of liquid ang Much stronger jn, soh’c;
substances. The melting point of solids and boiling pojnt of ﬁqﬂids depends on
thestrength of these forces. : :
The intermolecular forces are of three types an,

o " tively called Van Der
Waals forces. We will discuss here two such types of forces, Whereas the thir q
type will be discussed in higher grades,

NOT FOR SALE
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ﬁ‘% g Structure of Molecules
A,“ Dipele-Pipele interaction '

The attractive forces between the positive pole of one polar molecule and
negative pole of other polar molecule are called dipole - dipole interaction.
Due to the difference between the electro-negativities of the atoms in molecules,
the electrons is not shared equally; one atom has partial positive and other atom
partial negative charges.
Polar covalent molecules are sometimes described as dipoles. These molecules
have two poles. One end (pole) of the molecule has a partial positive charge
while the other end has a partial negative charge. For example, CO, NO, H,S, H;0,
NH3 and HCI. :
Hydrochloric acid (HCI) is a polar molecule with the partial positive charge on
Hydrogen and partial negative charge on Chlorine. A network of partial positive
8(+) and partial negative 3(-)
charges attract molecules to each
other. Because of the force of
attraction between oppositely
charged ends (poles), there is a
small dipole-dipole force of
attraction petween adjacent HCl

molecules.
interaction in HCl is relatively

‘weak; only 3.3 kJ/mol energyis
required to break that interaction.
The force of attraction between
HCl molecules is so small that
- Hydrogen Chloride (HCI) boils at

~85.0°C. o %

44.2 [ Hydrog nding "
& drogen is covalently bonded to very electronegative atom

Molecule in which hy
rogen (N). An appreciably strong positive

such ds Fluorine (F), Oxygen (0) or Nit
charge is thus developed on the hydrogen atom due the large difference in their

electronegativity values with other atoms. As aresult ,strong force of attraction
is created when this positively charged hydrogen atom of one molecule is

@)  NOT FOR SALE
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Structure of Molecules

attracted by Fluorine (F),
Oxygen (0) or Nitrogen (N)
belonging to a neighbouring
molecule. This force of

attraction is called hydrogen
bonding,

Hydrogen
bonds

A hydrogen bond is the
attractive force between the
highly electron deficient
hydrogen atom and nearby
highly electronegative atom
with lone pair of electrons
suchasF,QorN. '
— B

Fig. 4.26\ Hydrogen Bonding in water

i EXAMPLE: 4.4 _ ‘
Which of the following form rogen bonds? g
(a)HF (b)C,H, (c)HBr (dNH; (e)H, -
Solution X 1y .
a) - HF will form hydrogen bonds becayse it
< small, fhi‘xghsly electronegative atom;
electrons on that atom.
b) C3Hgwill not form hydrogen bonds because,
. ‘pairs of electrons to bond with hydrogen ato
c) HBr will not form hydrogen bonds,
andnotelectronegative enough,
d) NHy4 byitself cannot form hydrogen bonds becq

€).. The covalent bond in Hj is g chemical bond, not the intermolecular force
called hydrogen bonding.

has (1) hydrogen atom; (2) a-
and (3) at least one free pair of

the carbon atoms have no lone
ms from other molecules.

because the bromine atom is too large

useithasno lone pairs.

'NOT FOR SALE
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EPOX)’ is polymer that is formed from two different chem:cals These are;
referred to as resin and the hardener. Epoxy adhesives are called structm:al
adhesives. These high performance adhesives are used in the constructlon of
aircraft, automobiles, bicycles, boats and golf clubs, where h:ghxstrength
bonds are required. Epoxy adhesives can be developed to suit almost any
application. They can be made flexible or rigid, transparent or'opaque even
colored as well as fast or slow settmg Epoxy adhesives are good heat and
chemical resistant. Because of these properties, they are given the name of
engineering adhesives. The large family of epoxy, r;‘eﬁfhs represents some of
the highest performance resins of those available at this time. Epoxies
generally out-perform most other resin types in terms of mechanical
properties and resistance to environmental degradation, which leads to their
almost exclusive use in aircraft companents As a laminating resin their
increased adhesive properties and, rfeﬂstance to water degradation make
these resins ideal for use in ap,gﬁ;‘ét:ons such as boat building. Epoxies are
widely used as a primary congtructlon material for high-performance boats or
ds a secondary application to sheath a hull or replace water-degraded

polyester resm%and gel coats.
oz ’ ),
(M Apphcatlon of ‘Wydrogen Bonding

These intermolecular forces are extremely important in determmmg properties
of water, biological molecules such as proteins, DNA etc. and synthetic materials
such as glue, paints, resins etc. The adhesive action of paints and dyes is

de"efopec! due to hydrogen bonding. Synthetrc resins also bind two surfaces
t@gether by hydrogen bonding or dipole- dipole mteract:on9 12

@)  NOT FOR SALE
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(ii) Properties of Hydrogen Bond
i. Hydrogen bond is stronger than Dipole-Dipole forces but weaker thqp
covalent bond. It is about twenty times weaker than covalent bond anqg

ten times stronger than the dipole-dipole interaction.
ii. Hydrogenbondis directional

iii. Hydrogen bond forms Jong chains and helps in the formation of network
of molecules. '
4.5 Nature of Bohding anmdProperties

The nature of bonding and properties of different compounds, are briefly given
below.

Structure of Molecules

_ 4.5.1 Properties of lonic Compounds

lonic compounds are formed by the strgng ostatic force of attraction
between the two oppositely charged ion?S‘o re-properties of ionic compounds
are following. -

i. Solid atroom temperature. _

ii. Having sharp melting and boiling points.

ii. Solublein polarsolvents like water.

iv. Good electrolytesinmoltenorsolution form.
v. Non-directional bondsin ionic compound.

vi. Havingreactionsinmolten state orin solution form.

vii. Compounds are composed of cations and anions incrystalline form. k |

pound, the higher will be its melting
ium oxide is 2800°C, so it can be used
as refractory material for lining of furnaces. ' 3¢

<4.5.2 Properties of Covalent Compounds '

Covalent compounds are also called moleculgr compounds, the properties o
covalent compounds dependson, - ;

i. Geometrical shape of molecules.

ii. Polarity andintermolecular forces among molecules,
iii. Bondtype, whethersingle, double or triple.
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some of the important properties of covalent compounds are following.

i
il
fif.
iv.
V.

Vi.

Covalent compounds have low melting points and boiling points.
Covalent compounds are non electrolytes in their solution form.

The bonds in covalent compounds are directional.

The crystals of covalent compounds are composed of molecules.
Reactions of covalent compounds are slower than the ionic compounds.
Polar covalent compounds are soluble in polar solvent like water(H,0), .
Alcohol, etc. while non-polar covalent compounds are soluble in non--
polar solvent like benzene (C¢Hg), Acetone (CsH¢0), carbon tetrachloride

ccCl, )etQ En?/@ | '

roperties of Metals

Atoms of metals are held together by special type of bonds called meta!hc bond.
Properties of metals result from this type of bonding are listed below.

i
ii.
iii.

iv.

vi.

All metals are solid at room temperature and pressure except Mercury
(Hg) | |

Metals are malleable; they can be beaten into sheets and foils.

Metals are ductile; they can be drawn into wires as shown in fig. 4.21.

Metals are good conductors of heatand electricity.

Metals are lustrous; they have shiny surfaces.
Metals are sonorous; they produce specificringing sounds when struc.k>

Fig. 4.21 Copper wire
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Structure of Molecyjes

The first column in the table below lists some general properties of metgls.
Complete the second and third columns of the table.

—

Correct name for | One use that depends |
General property of metals this property on this property 1
can be drawn into wires j
h:an be bent into shape
reflect light RN '
make a ringing sound when ixf \ '
| struck NS .
= \&:& :
allow electricity to pass \Z"N‘ ) :
through ,ON ;
heavy for their volume & .
' rg/
transfer heat well N\~
/\{:}\’ )| |
o~ ez
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The attractive force which holds the atom together in the form of a

compound is called a chemical bond.
The electrons present in the valence shell of an atom are called the
valence electrons.
The chemical bond which is formed due to the complet‘e"‘"fransfer of
electron(s) from one atom to the other atom is called ionic bond or
electrovalent bond. g

[ 3 T 8
The bond which is formed by the mutual sharing of electrons is called

) S

covalent bond.

Covalent bond may be single, double or triplé:
The covalent bond in which only one atom donates the shared pair of

electronis called Dative Bond.
A polar covalent bond is formed by the mutual sharing of electrons

between differentatoms. . -
A non - polar covalent bond is formed by the mutual sharing of electrons

between similaratoms. .
The chemical bonding that result from the attraction between metal
atoms and thesurrounding sed of electrons is called metallic bonding.
Structureof €O, is linear, H,0 is angular, and NH, is trigonal pyramidal.
The forces of attraction between the molecules of a compound are called

intermolecular Forces.
The weak linkage formed petween two molecules in such a way that

partially positively charged Hydrogen of one molecule is attracted to an
electronegative atom of the other molecule to form hydrogen bonding.

P TRy Lyl S

@  NOT FOR SALE
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Structure of Molecules

Choose the correct option.
i. .Anatomwithachargeis called:

a. anelectron b. amolecule
¢. ametal d. anion
fi. An element X is in group VI of the periodic table. The ion will be
represented by:
a. X* | b. Xt
¢ X : d x"
fii. Which padir of elements will join to form a compound with one to one
ratio: ' s y
d. Magnesium and Chlorine b. Sodium and Oxygen
¢. Potassium and Fluorine . d. Lithium and Sulphur
iv. When calcium atom become aCalciumion(Ca"):
a.itloses anelectron

" b.itloses two electron

c.itgainselectron d. gains two electrons
v. Whichtwo elements will form a covalent compound:

a.Sodium and Oxygen b.Copper and Oxygen '

c.Carbon and Oxygen d. Magnesium and Oxygen
vi. Intheformation of anionic bond, the atoms taking part:

a.only gainelectrons b.share electrons
c.lose and gain of electrons d.onlyloseelectrons
vii. Fluorine has an electronic conﬁguratlon 2,7 and Oxygen 2, 6. The formula

of ﬂuorlne oxide will be:
a. .FO b. F,0
C. FO) d FZOZ

viii. Which of these statements about covalent bonds is incorrect
a. HClcontainsone pair of shared electron
b. CCl,contains four pairs of shared electrons
c. H,0 contains threepairs of shared electrons
d. NH;containsthree pairs of shared electrons

NOT FOR SALE
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Structure of Molecules

ix. Which of the following ions do not have the electronic configuration ofan

argonatom?
a.Ca” b.s™
C. K. d. 0—2

x. Which one of the groups below contains only ionic compounds?
a. Calcium Oxide, Hydrogen Chloride, Magnesium Oxide
b. Calcium Oxide, Magnesium Oxide, Sodium Chloride
¢. Carbon Dioxide, Copper Sulphate, Hydrogen Chloride
d. Copper Sulpahte, Methane, Sodium Chloride

SHORT QUESTIONS

Answer briefly the following questions.

i. Whatiselectron-seamodel of metallicbonding?
ii. Why most atoms are chemically bonded to other atomsin nature?
iii. Identify and define the four major types of chemical bonding.
iv. Arrange the following from strongest to weakestattraction:
a. Covalent bond

b. Dipole-dipoleinteraction v ' S
c. Hydrogen bond
d.lonicbond ,

v. Why ionic compounds are good electrolyte is molten and solution form
notinsolid state. . , ;

vi. What types of elements/ atoms tend to form the following types of
bonding? / . _
a. ionic b. covalent c. metallic :

vii. Give an example of anon-polar molecule with polar bonds. Give reasons.
viii. Predict the bond type (ionic, polar covalent, non-polar covalent) in each

of the following:
a. Cacl, b. H;0
c. €O, d. CHy

good conductor compared to covalent

ix. Why ionic compounds are

mpounds? : _ 230,
Give the reason that why dative bond is always polar:
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LONG QUESTIONS

(N

(i) Describethe octetrule interms of noble-gas configurations and stability,

(i) (a). What is the main distinction between jonic and covalent bondmg:

Explain you answer with suitable examples. A ?:‘\
(b) How is electronegativity used in determining the ionic or no'\?al;znt
character of the bonding between two elements? {:{:}\ V

(iii) Draw the Lewis structure for each of the followingcom&o%cfs:

A

a. €O b. HCl Kg\
c. SO, d. Ccly \S‘?”
PN\

e. BF; f. NHj Q

(iv) Explain why most metals are malle{:g&?r:d ductile but ionic crystals are
not. ?-. ;

(v) a. Whatis the meaning ofth@m polar, as ap;ilied to chemical bonding?
b. Distinguish between p@covalent and non polar-covalent bonds.

O

| Pro;ect Work
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Physical States
of Matter .+

After—studymg this unlt “_th_e sn—ldeh't;:ivﬂ'l' be a-hl'e'te;--

" Explaintheeffect on thepressureofa gas bya changeinthe -
a.volume ,,\\\,»”/ -
b. temperature e\
‘= Compare the physical states hf matter with regard to mtermolecu!ar
forces present between thm. -
= Accountfor pressurqug;?lme changes in agas using Boyle's Law.

Account for temperature-volume changesin a gas using Charles's Law.

= Explainthe prap’fértles of gases (diffusion, effusion and pressure).
Summanze the propert:es of liquids like evaporation, vapour pressure

and bo:hngpomt
Explain }he effect of temperature and external pressure on vapour

pressure and boiling point.
= _Describe physical properties of solids (melting and boiling points).

: ,7» Differentiate between amorphous and crystaﬂine solids.

= Explain the allotropicforms of solids.

\/
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Physical States of Matter
Introduction

Anything that has mass and occupies space is called matter. All the substances
that you see around are made of matter. Matter can exists in three physical states
i.e. gas, liquid and solid. These include the air that we breathe in, the water we
drink and the food we eat. The scientific study of matter and their physical states
of matter provides an opportunity to understand our world.

All the three states of matter are inter-convertible to one another. When the
temperature of solid is increased it is converted into liquid and when the
temperature of the liquid isincreased itis then converted into gaseous state. So, it

is considered mandatory that one should know the matter andits physical states
and properties.

In previous grades, you have learnt about the air (gas) and water (liquid). In this

unit , you will learn about properties of gases, liquids and solids, gas laws and
types of solids.

Gaseous state

The state of matter in which the molecules are far away from each other and
there is very weak intermolecular forces of attraction between them. The
particles are free to move in dll direction with great speed. Gases are restricted
only by the walls of the container. Gases have no definite shape and volume an

/ﬁcu thew volume of its container.

pical Properties of Gases “

Some typical properties of gaseous state are following.
i, Indefinite Volume

o
¥

Gases have no definitevolume and they occupy'all thé'avdil,able space.
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ii. Indefinite Shape

Physical States of Matter

Gases donot have shape but take the shape of the container in which it is placey :

fii. Diffusion

Diffusion Q'escrfbes the movement of molecules from a region of higher
concentration to aregion of lower concentration. In other words, the molecules
tend to move from a more crowded region to a less crowded region. Once the
molecules become evenly distributed throughout the medium, there will be no

olecules diffuse very quickly and form a homogenous mixture

nw@n in any particular direction.

[
|

i
?
\
|

olecules are in constant random motion. Because of this motion, th?as

he

spontaneous mixing of the molecules of different gases to form a homogenous
mixture by random motion and collision of the molecules is called diffusion)For
example, when a gas having characteristic odour is released at one corner 6f the

room, soon its smell will spread in the whole room. Similarly, a volatile liqui
\‘ (perfume) evaporates and spreads in the air in a very short time)The rate of

diffusion of gases varies from gas to gas. In 1833, Thomas Graham an English
chemist, discovered that alighter gas can diffuse much faster than a heavier.

Molecule from
perfume

Nitrogen molecule
in the air

Oxygen molecule in the air

Fig. 5.1 Woﬂ’aﬁmmmm

] NOT FOR SALE
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@. Effusion)

When a gas is allowed to pass through a hole of the size of a molecule, only op.
/moleculc at a time can pass through the holcéhe escape of molecules in the
gaseous state one by one without collision through a hole of molecyjqy

d®

Physical States of Matter

dimension s called effusion)You can smell the onions even when the bag is tisher,

seqled,duetoeﬁusiorp : /@

Fig. 5.2 Effusi :
g ff \:m onion smell Fig. 5.3 Effusion of gases

o
{'\. )

, 3

4 o’

Invert a jar containing reddish brown

coloured bromine vaopurs, over g jar of air. I |
The reddish brown colour spread inside the ‘

jarofair.

PointtoPonder

__ AL :
Why a gas filled balloon floating up in the room, comes down j
e — G'

dfter a day or tw
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@ Pressure)

The molecules of the gas are in continuous state of motion. They collide with each
other as well as with walls of the container. When the gas molecules collide with
walls of the container, they exert pressure on the walls of the containggfForce (F)
exerted by agas on per unit area (A) of a container is called pressure(P). K%

The Sl I-J:‘I!'t of forceis Newton and that of areais m". Hence, the Sl unit of pressure . {
is N.m . It is also called Pascal (Pa). Pascal is very small unit in pressu__r\-';é;t (]
measurement, usually its bigger form is kilo Pascal (kPa) is used. A %7 b

At sea level at 0°C, the atmospheric pressure is 760 mm of Hg or 760 torr. It is
termed as one atmosphericpressure. So, o>

(; atmosphere = 760 mm of Hg X <“:‘/ | !
=760 torr (1 mmg} Hg=1torr)
=101.325KPa N
=1.m325x10’ Py» )
@f. Compressibility. ) X/> 30 & | ]

Gases are highly compressible. This is because that gases molecules have large
empty spaces. When the pressure is applied on the gases, the distance between
the molecules decreases, its volume also decreases. So the compressibility of

gases may be defined aséué change involume per unit changein pressure) @
vii. Mobility = ot '

Molecules of the gases are r’tj“géate of continuous motion because of the weak .
intermolecular forces present between them. They move from one place to
another as they hdve'ia{&,eaﬁin termolecular fo.rces and empty. spaces. That is why,
gases flow and can be_;‘t.:ansported through pipes overlong d:;tances. : i

e Lo e el e

viii. Density [\

Massper unftia;ﬁlme is called density. Density can be mathematically written as,

Density= =
v
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Physical States of Matter
It is clear from the above formula that density is inversely proportional to jts
volume. The gases occupy all the space available to it because there are weqk
intermolecular forces and empty spaces between the molecules of the gases

which increase its volume, so density of a gas is very low as compared to the same
amount of aliquid or a solid.

The gases have low density than the liquid and solid state. For example; the
gaseous Oxygen has the density of 0.00142g/cm’ at 0°C and 1 atmospheric

pressure, while the liquid Oxygen has the density of 1.149gfcm3 at-103°Cand Solid
Oxygen has the density of 1.42g/cm’ at -252°C.

5.2 Laws Related To Gases

The behavior of gases towards pressure, volume, temperature and molar
amount is governed by the following laws.

The typical lawsrelated to gases are,
5.2.1 Boyle'sLaw

Robert Boyle described the relationship

volume and pressure of a gas at constant
temperature. He observed that the volume of a given
mass of a gas is inversely proportional to the pressure
applied, provided the temperature remains constant..
According to this law, volume (V) of a given mass of a

gas decrease with the increase of pressure (P) and vice
versa.

Mathematically, it can be written as,

4 Ve

1

P

1

V=Kp x —
P

PV:Kb

Where, K, is called constant for Boyle's law.

When the volume of a given mass of gas is chq

e
nged from V, toV, and thepressi’™
is changed from P4 to P,, then Boyle’s

law equation can be written as,

NOT FOR SALE -‘
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Physical States of Matter

P:1Vi=P,V, =K, (at constant temperature)
Where, Py =initial pressure P, =final pressure

V; =initial volume V, =finalvolume
According to the above equation, the Boyle's law can also be defined as, the
product of pressure and volume :f;l'ven mass of gas remains constant provided

the temperature s constarp 5

Experimental Verification 6f Boyle's Law

The apparatus used for the experimental verification of Boyle's law as shown in
the figure 5.4. A certain mass of gas is enclosed in the cylinder. The volume of the
gas is chan:ged by increasing and decreasing the pressure. The volume. at various
pressures Is noted. In each case, the product of pressure and volumie remains
constantat constant temperate and is found according to the Boyle's law.

Fig. 5.4 Experimental Verification of Boyle’s Law

Society, Technology and Science:

Scientists\,ggé\the power of reasoning to explain their observation. Forinstance, when
a balloon ;s';‘illed with air, it expands. A scientist would explain it by saying that air
molecules are free to move inside their container. There is no attractive or repulsive
| ‘between the molecules. As a result, gas expands until it takes the shape of its
-Container. Therefore, air expands to fill the interior of the balloon evenly.

e
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Physical States of Matter
Graphic Representation

If we plot the values of pressure 'P' and volume 'V', curve line is obtained which
shows that the volume s inversely proportional to the pressure.

P
Fig. 5.5 Graphic Representation of Boyle's Law

Diagrammatic Representation

The Boyle's law can be diagrammatically explained as,

Decrease in Pressure

(

=)

24n3piadwia] 3uUP3ISUO)

Increase in Volume

Fig. 5.6 Diagrammatic Representation of Boyle's Law
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Solution: r 00
¢ 3 . ({}\.}
V,=530dm P1=800 mm of Hg o\
"W\
B>
V,=? P,=400mmofHg \;?
Applying Boyle'slaw, P,V,=P,V, (N
( or y
Py, \
| V,=—"2 15
f > Pz = z‘{»\/

8oomm of Hg ><530dm >
400mm of Hg \,

Vi=

2

;‘ | “1o6odm)5&/9

Practice'Problem:5:1" iz

A M
5.2.2 (Charles’s{:aw

In1787, Jacques Charles's gavea relationship between volume and temperature
of agas d&fgonstant pressure and formulated a law known as Charles's law. This
law states that ffhe volume of a given mass of gas is directly proportional to the

q‘{’?lute temperature at constant pressure.
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Mathematically the law can be expressed as,

V e T (at consgant pressiire)

V=K.T
Vv
r

Where 'K 'is called constant of Charles's law.

When the volume is changed from 'V, to 'V,' by changing the temperature from
'T1'to'T,!, then therelationship can be written in the following form,

..%.
%A

<

c

A\
\

Y

Where, T¢=initial temperature
T,=final temperature /.
Vy=initial volime

V; =final volime = _
From the above equatioggyge Charles's law can be defined as, the ratio between

volume and the absom?fe'”t%mfrature of the given mass of a gas is constant at

constant pressu f? :

Experimental lerification of Charles’s law

The apparq‘fu used for the experimental verification of the Charles's law consists
of a cylinder. The cylinder has a piston. The walls of the cylinder are heat insulator
while the base of the cylinder is heat conductor. When the cylinder is heated at
constant pressure, the piston move upward and the volume will increase. It is
noted from various observations that the ratio between volume and absolute
temperature remains constant. This verifies Charlés's law. ]
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i i
!a Volume (V,) H Volume (V)
{ ¢
: i
i 31
| :

B e e

Temperature (T,) ‘ Temperature (T;)
gy ey .

Fig 5.7 Experimental Verification of Charles’s L N/

Scientific Information : <\::,w 3 e

_ : - ; 2 : : |
Absolute Temperature mean the témperat»ur,e{on the Kelvin scale. Each
temperature on the absolute scale is 2759 its greater than the same
temperature onthe Celsiusscale. K f: wf‘* 3 i

Graphic Representation
If the values of volume '"V!'is plgti;’ed against temperature 'T', a straight line
is obtained, which shows that the volume is directly proportional to the

temperature.

ey T

; Fig 5.8 Graphic Representation of Charles’s Law
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The Charles's law can be diagrammatically represented as,

(P)

Constant Pressure

/"W

_If 3dm’ of airis heated from 300K to 40 olé&t‘-l“‘constant pressure then what is the

, K
volume of thegas at higher temperature’
Solution: *’.,,
~
V,=3dm’ T;=300K
V,=? - T3=400K
AN
Applying Charles'slaw —=—*
h N
| F oSy
or V= "1]'.1” xT,

1

v,= 3dm X 400K
300K

S—37 7}
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Aim:

To demonstrate Charles's Law using simple materials.
Apparatus:

Glass bottle/flask, balloon and hot plate.

Method: ——

1. Place the balloon over the opening of the empty B
bottle/flask. N
2. Place the bottle/flask on the hot plate and allow it to
heat up. Observe what happens to the balloon.
WARNING: Be careful when handling the heated bottle/flask. You may need to
wear gloves for protection. ‘

Results:

You should see that the balloon starts to expand. As_the air inside the
bottle/flask is heated, the pressure also increases, causing the volume to
increase. Since the volume of the glass bottle/flask-can't increase, the air
moves into the balloon, causing it to expand. '
Conclusion: :
The temperature and volume of the gas are directly related to eachother.As | !
oneincrease, so does the other. |

Cf iquid state is the state of matterin which the intermolecular forces of attraction

iqui
are stronger than gaseous <tate. These forces of attraction is strong enough to

hold the molecules together but not so strong to stop the molecular motions. )
Liquid molecules have kinetic energy, they move randomly. A liquid therefore,
possess a fixed volume but no definite shape or form. The surface of a liquid is

always leveled.

5-3éypfcal Properties of Liquids
Some typical properties of liquid stateare,
(i) Volumeandshape

Liquid has a definite vol
the container in which it s placed.

ume but no definite shape that is why it takes the shape of

@  NOT FOR SALE
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[/(ﬁ) Evaporation ))/f %

The molecules of a liquid move with different kinetic energies. The molecules of
Fhe liquids whose kinetic energies are higher, move faster and overcome the
intermolecular attractive forces. J%sg, molecules come out of the liquid and
convertinto the gaseous statf.¢(fhe conversion of liquid state into gaseous state js
cailed evaporation. We can say that the phenomenon in which a liquid is
converted into its vapours without external heatif iscalled evaporatior9

9

9

- p

Fig 5.10 ‘Process of Evaporation

<
/E;ap ation takes places at all temperatures. When the molecules of higher-
kinetic energies are converted into the gaseous state and escape into the

atmosphere; the temperature of the remaining liquid falls. That is why
evaporation cause cooling.

The Evaporation depends on the fo!lowing factow
(a) - Surfacearea

Theprocess of evaporation takes place from the surface. Greater the surface area
higher will be the rate of evaporation and viceversa.

(b) Temperature

With the increase in temperature, the average kinetic energy of the liquid
molecules increases, sotherate of evaporation increases

NOT FOR SALE
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(¢) Intermolecular force

The evaporation of the liquids depends upon the intermolecular forces. Stronger
theintermolecular forces slow will be the rate of evaporation and vice versa.

Different liquids have different rate of evaporation at the same temperature,
because the attractive forces are different in different liquids. For example, water
has stronger intermolecular force than alcohol, therefofe alcohol evaporate

c:f:ickly than wateD %/@

__“__—-_'"‘\____

(iii) Vapour Pressure 5
he pressure exerted by the vapours of the liquid when the rate of evaporation
becomes equal to rate of condensation s called vapour preé?e.

When a liquid is placed in a closed container, the kinetic energies o the
molecules is not the same. The molecule of the :
liquid, whose kinetic energies is greater than the
average, come to the liquid surface and are
converted into the vapours, i.e. evaporation occurs.
The vapours gather in the space above the surface.
of the liquid in closed container and produce vapour
pressure. Some of the vapour molecules strike back
to the surface of the liquid, lose their energy and
becomes liquid again. In other words, condensation

takes place)

Fig 5.11 Vapours Pressure

As the rate of evaporation increases, the rate of condensation also increases. A
state is reached, when the rate of evaporation becomes equal to the rate of

condensation. This state is called an equilibrium state.

Evaporation

Liqm'd N TN LN Vapours

Condensation

Therefore, the vapours pressure can be defined as, the pressure exerted by the
vVapours of a liquid in equilibrium state.

)  NOT FOR SALE
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actors affecting vapour pressure

The vapour pressure of liquid does not depends upon the amount of liquid or

surface area of liquid but depends on the following factors.
(a) Nature of liquid

The vapour pressure of liquid depends on the nature of liquid. Polar liquids having
high boiling points and exert little vapour pressure at a given temperature, while
non-polar liquids having low boiling liquids and-exert more vapour pressure at

the same temperature. For example, water has less vapour pressure than that of
acetone at same temperature..

(b) IntermolecularForces

Stronger theintermolecular attractive forcesina liquid lesser will be its tendency

to evaporate, so lesser will be its vapours pressure at a given temperature. For
example, the vapours pressure of ethyl alcohol is higher than that of Water,

because in water the intermolecular forces are stronger than ethyl alcohol at the
given temperature. :

(c) Size of the Molecules

Those liquids which have small size are easily evaporated than those liquids
which have large size. The small sized molecules liquids form more vapour than
big sized molecule liquids at the same temperature. For example, pentane (C;H,,)

has small sized molecule than decane (C,H,,), therefore pentane vaporizes
rapidly and exert more vapour pressure than decane at the same temperature.

Tables,1Some Compounds and their Vapour Pressure at 298K

N\;ﬁe\%f compound "Fo_rmula. Vapourpressure at 298K
& el el O om )5
Chloroform CHCI; 170

Carbon tetrachlorider| . CCly ”‘ Ner ;—
Water | HO 18 %
Glycerol S0, e _f
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(d) Temperature

Increase in temperature of a liquid, increases the average kinetic energy of the
liquid molecules. The intermolecular distance among the molecules of the liquid
increases, which cause decrease in the intermolecular attractive forces between
the liquid mO'eC"’ES Hence, the rate of eyaporation of the liquid increases and

thusvap ressure increases. -
Thermometer (]

When aliquid is heated, the kinetic energies of the
liquid molecules increases, which increase the vapour
pressure of the liquid. A time is reached when the
vapour pressure of liquid becomes equals to the
atmospheric pressure (external pressure). At this
moment, the liquid begins to boil and small bubbles of
liquid go to the surface of the liquid, where they
and vapours are released into the atmospher
temperature at which the vapour pressure of a Tiquid
becomes equal to the atmospheric pressure or -any

external pressure s called boiling poir@ - - Fig 5.12
Boiling Point of Liquid

Py i
| 4 | ?1
e —— - 4 T TN
! ——
A [ 4

| [ e

During boiling, the temperature of the liquid remains
constant. Because the heat provided to the liquid during b;ﬁiz is used to

overcome the intermolecular attractive

Norrhal
forces of liquid molecules. The boiling i / b;ilf’ng point /
. d ; : Oc -0

point of liquid depends on the following 82 e e A L
factors. ;g- = / / /

s [oiethyi / Hthyl alcohol | Water

= ether (ethanol) /
(a) Nature of liquid (Intermolecular force) § 40 / —
The polar liquids have higher boiling point 3 / / /
than that of non-polar liquids. lnlpolar e /// Ethylenk
liquids, there are stronger intermolecular _______,/ ﬂ =

. iquids. il 6 8

forces of attraction than non-polar hqmds 0 20 s ,:;emm:e = o 100

FFig5.13 Comparison of boiling point of different liquid

®)  NOT FOR SALE
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(b) External pressure

Boling point of liquid depends on the external pressure. With the increase in
external pressure, the boiling point also increases. Similarly, the decrease in
external pressure causes decrease in boiling point.

At high altitude (hilly areas), the boiling point of a liquid will be less because the
external pressure is lower. Therefore, water boils at lower temperature than
100°C, because the atmospheric pressure is less than 760omm of Hg. The vacuum
distillation is based on the decrease in boiling point with the decrease in external
pressure. While with the increase in external pressure, the boiling point of a

liquid alsoincreases. The pressure cooker works on this princip‘v f/ :

v. Freezing Point

When a liquid is cooled the kinetic energies of the liquid molecules decrease, so
the vapour pressure of the liquid also decreases. By decreasing the temperature
further a stage is reached when the vapour pressure of the liquid state becomes
equal to the vapour pressure of the Solid state. The temperature at which the

liquid and solid state exists in equﬂibﬁum state is called freezing point of that
liquid.

' Soc-iétjf;";ft?égﬁnofdgy and Science

In early 1600s, Galileo argued that suction pumps were able to draw water from a f,
well because of the force of vacuum” inside the pump. After Galileo's death, the I.
Italian mqthematician and physicist E. Torricelli Proposed another explanation. In |
1646 Torricelli invented a device called barometer. His measured atmospheric
pressureis760mm Hg. Torricelli's work soon caught the attention of British scientist |
~Robert Boyle. He modified barometric tube into q J-shaped tube. Boyle's from the
studies discovered the pressure-volume relationship. J-tube was further modified |
and another device known as manometer was developed that can measure the

pressure of any gas. This means instrumentation improves as science progmsej/j
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Table 5.2 Freezing Point and Boiling Points of some Liquids

| 5.No. Solvent Formula | Freezing Point (°C) | Boiling point (°C)
1. Water H,0 : 0.0 . 100.0
2. | Acetic Acid CH3COOH 17.0 18.1
3. Benzene CeHs 5.5 80.2
4. | Phenol CsHsOH 43.0 181.0 &

e

5. | Chloroform CHCl3 -63.5 61.2 R
6. Ethanol C;HsOH —114.7 y &{V

vi. Diffusion
Diffusion can also happen in liquids. This is because the particles in liquids are in
continuous state of motion. The molecules of liquid move from higher
concentration to lower concentration. So, the molecules of liquid mix up with the
other liquids and form a homogenous mixture. Forexample, if you drop little bit
of ink into glass of water, the ink will spread slowly throughout the water.

a. Ink is dropped in.

b. Diffusion begins

Fig 5.14 biffusion of liquid

™  NOT FOR SALE
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Diffusion in liquids is slower than diffusion in gases because the Molecy|es in
liquid move more slowly than gas molecules. The rate of diffusion incre
increasing temperature. The increase in temperature increases the kine

of liquid molecules so therate of diffusion increases.
vii. Mobility

ases With
tic Energy

The kinetic theory -of matter (particle theory) says that liquids consist
molecules which are constantly moving or in a constant state of motion, This
mobility of molecules depends on the energy of molecules. Greater the kinetic .
energy, the higher will be the mobility of molecules and vice versa. For Example,

when we increase the kinetic energy (temperature) of liquids, the mobility
(fluidity) of liquid increases.

viii. Density

Density is mass per unit volume. Liquids have higher densities than gases because
in liquids the molecules are close to each other as compared to gases. Liquids
molecules have strong intermolecular forces than gases, hence they cannot
expand and have fixed volume. ¢

Wy g

Table 5.3 Densities of Various liquids

S.No. | Liquid 5 [ Density (gfenp) |-

Methyl

; ‘Castor oil
NV Linseedoll [T o,
Water

Scanned with CamScanner



F‘! R Y e ——— _,,__;\‘: ) - _,m
/{7"3 @ ol Physical States of Matter

Solid State

Insolid state of matter the particles (molecules, ions) are closely packed in a fixed
pattern. In solids there occurs a strong force of attraction between the solid
particles, which hold them firmly together, so that they cannot leave their
positionj)Solid particles posses only the vibrational motion. Hence, solid cannot
diffuselike gases and liquids. '

5.4 éypical Properties of Solids
Some typical properties of solid state are;
(i) Volume and Shape

Solifis have strong intermolecular forces present between their particles thus
having a definite shape and a definite volum%} -

f(ii) Melting Point
“In solid state, particles (molecules, ions) are not free to. move like gases and
liquids, molecules can only vibrate. When solid is heated, the kinetic energy of
molecules increases and the particles of the solid vibrate with higher speed.
When the energy is continuously supplied, a stage is reached at which the
particles leave their mean positions and start moving freelyf@nhé solid starts
he temperature at which the solid starts melting an exist in dynamic
equilibrium with liquid state is called melting poiné At melting point,
temperature does not change and remains constant until the whole solid is
converted into the liquidstate.” - : //’*
Melting point of a solid depends on the strength of attractive forces that hold
particles together in the fixed positions. Melting point is the characteristic
property of a crystallinesolid by which purity of solid can be checked. -

Melting Point
Solid ~_—— q

i

o L2 .\

6@3‘&!&3{ '
The particles in solid are fixed and closely packed . The particles in solid neither
move nor slide over their mean positions. Therefore, the solids are rigid in their

stmctur?ﬂ,e solids resist the deforming force due to hard structure and strong

(S W ) et
<>~ “intermolecular force.

Freezing Point

NOT FOR SALE
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@) Density
Solids are denser than liquids and gases. In solid, the particles are closel, Packeg
and have no empty spaces between the particles. Their mass per unit volume
greater. Therefore, they have higher densities as compared to the othe, two

states of matt%

Scientific Jnl-'omiaﬁon . il
Comparison of Properties of Solids, Liquids and Gases
\ __-’_-_____'—‘"—-—-.
S# Properfies ' SO"dS LfQUidS Ny o~ Gases
: > )
1. | Mass Definite Definite Definite i
3 7K O )
%2- | Shape Definite Acqyi;es’the Acquires the shape
sha, ve of the of the container
| container
&y |
3. | Volume . Definite £ Definite Indefinite |
4. | Compressibility Not@ssrble Almost negligible | Highly
M{S . | compressible
5. | Fluidity " | Cannot flow Can flow Cﬁn flow
6. | Rigidity Highly rigid Less rigid Not rigid
7- | Diffusion Slow Fast Very fast
8. Spa;e_bétWEéﬁ - | Most closely "Lessclosel'y Least closely
particles, packed packed packed |
- ‘ - -~ ; S ; - __.__.—-'—"'.-
9. m_'tér-moléeulﬁf Strongest Slightly weaker | Negligible
force than in solids
ol
e
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5.5 Typesof Solids
Solids can be classified into two types, based on the arrangement of particles.
Theseqre amorphous solid and crystalline solids.

#/ Amorphous Solids
Amorphous means shapeless. Solids in which the particles are not reguldr’}'
arranged or in which the particles are not properly arranged in three dimensions
are called amorphous solids. In simple words, we can say that amorphous solids
are one that lacks ordered arrangement of its particles. Amorphous solids are
' hard like true solids but they do not have sharp melting point. They melt over a
range of temperature. For example, Glass, wax, butter, plastics, rubber, cotton 7

candy etc. G}/Rgi 4

Rubber

Particles arrangement Cotton candy

Fig 5.15 Amorphous solids
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5-5.2 Qrystalline Solids

Crystalline solids are the solids in which particles
(ions,

atoms, or molecules) are arranged in . \/
regular three dimensional patterns. They have - 9% _
definite surfaces or faces. Each face has definite

angle with the other face. Pure crystalline solids

have sharp melting point. For example sodium &
chloride (NacCl), Naphthalene etc. Fig: 5.16 Crystalline structure of Nag|

Group Work: Looking at solids

Collect a number of solid items from your home orschool. Some examples are

listed below:
* Marbles * Glass e Tablesalt
* Bakingsoda e Charcoal e Lead pencil
e Candlewax o Plastic * Eraser 1
e Rubber 3

* Ingroups of 5-8, combine your collection of solid substances.

* Classify the above mention solid into crystallineand amorphous solid.

&y T nnotongv and Sciencs

Meqt‘é ﬁsh preserved or cured W'ﬂl *salt. Sdltin 2 with Sodium chloride
arytable salt) is the prlmary

lngredlem Lt pres'"d"g meat. Salt helps in
I ereating an environment wher =%

oC ".’ ﬂ_mﬂbt srowahd removing waterout
| of cells through osmoss. Concent“rdﬂons of salt up to 20% are requtred to kill

mostSpecles ofunwanted bacteria.

NOT FORSALE _
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5.6 ﬁotropy @

The existence of an element in more than one crystalline forms is called allotropy.
The different forms are called allotropic forms.

Theallotropy of an element is due to following reasons.

i The existence of an element in more than one physical state or form, such
as carbon (Kajol, soot, Diamond, Graphite etc.)

. The existence of two or more kinds of molecules of an element. In this ‘.
case, each molecule has different number of atoms such as allotropes of
oxygen areoxygen (0,) and ozone (0;).

. Different arrangement of two or more atoms or molecules in crystal of an
element. For Example, Sulphur shows allotropy (monoclinic and

s orthorhombic forms) dug to different arrangement of molecules (Sg) in

the crystals. 1Y - |

Allotropes of an element alwéyrf%w different physical properties but have

same chemical properties. For example, Carbon is found inthe form of diamondin

tetrahedral shape and graphite in hexagonal shape. They have different physical

properties but same chemical properties. p-

The change in temperature also changes the arrangement of atoms in allotropes.

With the ’ge-lp temperature a new allotropic formis produced. !

temp % at which one allotrope changes into another allotropic form is

called transition temperature. In other words, we can say that it is the

temperature at which two allotropic forms of an element co-exist in equilibrium

with each other.
the Sulphur $; orthorhombic form exists in equilibrium at 95.5°C

For example,

with monoclinic form.
95:5°C |
Ss S Sa J
(orthorhombic) : ooy |
a 3 '
33°C __ whitetin |
i =" (tetrogora)

128.5 % potassium nitrate
Potassiumnitrate =~ ———= -

(rhombohedral)
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E ;’3 € CARBON ~ |

L -
-
= s 3
Dhamord 3
"

Fig. 5.17 Allotropes of Carbon
Allotropes of Carbon

Carbon exists in crystalline allotropic forms as well as non-crystalline or
amorphous allotropic forms.

Carbon exists in three crystalline allotropic forms namely, diamond, graphite and
bucky balls. 2
Carbon also exists in non-crystalline or amorphous allotropic forms such as coal,

coke, charcoal, lampblack, etc. We will discuss the crystalline allotropic form in
detail here.

R e
A (i) Structure of Diamond

/ Diamond is the crystalline allotropic form of carbon. In diamond, carbon exist\:
"b cubic form. Each carbon atom is tetrahedrally bonded by four covalent bonds *
with other carbon atoms. Covalent bond is very strong, so diamond is very hard,
. and has high melting point. Diamond is bad conductor of electricity because all \J

the four valence electrons are used in formation of covalent bonds, which tightly
held with each other.
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(i) Structureof Graphite

In graphite, each carbon atom is only covalently bonded to three other carbon
atoms rather than to four atoms as in diamond. Carbon exist in hexagonal form
of sheets/ layers. These sheets linked with other carbon atoms by weak attractive
forces. These sheets slide over each other.

Graphite is soft. It is used as lubricant in heavy machinery. It is good conductor of
electricity because it has free electron available.

z Fig. 5.19 Structure of Graphite

(iii) Structure of Buckyball
Buckyball is the crystalline allotropic form of

carbon. It is recently discovered in 1985.
Buckyball consists of 20100 carbon ato-ms.
In Buckyballs, the atoms are arranged in a
hollow cage like structure. The carbon atoms
link with each other and adopt the shape of
football. In<Buckyball, the carbon atoms
joined together making pentagonal,

hexagonal etcstructures. Buckyballs are used
superconductors and

i tors
as semiconductors, Fig. 5.20 Structure of Buckyball

lubricants.
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* Matterexistinthreestates solid, liquid and gas.
* Thehighestenergy state of matter s called gas.

Diffusion is the spontaneous mixing of the molecules of different gases to
form a homogenous mixture by random motion and collision of the

molecules. It is the movement of molecules from higher concentration to
lower concentration.

Effusion is the escape of molecules in the gaseous state one by one without
collision through a hole of molecular dimension.

Force (F) exerted by agas per unit area (A) of a container is called pressure(P).

* The compressibility of a substance is the change in volume with per unit
changeinpressure :

* Massperunitvolumeiscalled density.

* AccordingtoBoyle'slaw volume (V) of a given mass of agas decrease withthe
increase of pressure (P) at constant temperature.
» Charles’s law states that, the volume of a

given mass of gas is directly
proportional to the absolute temperature at ¢

onstant pressure.
* Absolute Temperatureis the temperature on the Kelvin scale

e Evaporationis thespontaneous change of a liquidinto the gaseous state.

o The pressure exerted by the vapours of the Jiquid when the rote o
-evaporation becomes equal torate of condensation is called vapour pressure.

e _Boiling point is the temperature at which the vapour pressure of a liquid
becomes equal to the atmospheric pressure orany external pressure.

» Temperature at which the liquid and solid state exists jn equilibrium is called
freezing point of liquid. : -

e Melting point is the temperature at which the solid

" . starts melting and exists
in dynamic equilibrium with liquid state.

o Amorphoussolidis one that lacks ordered arrangement of its particles.

NOT FOR SALE
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e Crystalline solids are the solids in which particles (ions, atoms, or molecules)
arearranged inregular three dimensional patterns.

e The existence of an element in more than one physical state and phase are
called allotropic forms or allotropes and this phenomenon s called allotropy.

e The temperature at which one allotrope changes into to another allotropic
formis called transition temperature.

|  Exercise =N

Choose the correct option.
i. Thespontaneous mixingofparticlesiscalled:
da. evaporation b. sublimation
c. diffusion ' d. boiling
ii. Which statement for the particles of solid isnotcorrect:
a. theymoveat great speed
b.they arearrangedinregular pattern
e ff‘ “cisavery little space between the particles
¢. :forceof attraction betweenthe particles arestrong
iii. A liquid boils when its vapour pressure becomesequal to:
a. “760cmofHg : b. 1Pascal
c. 101.325kilo Pascal d. o.1atm
iv. The vapour pressure of aliquidincreases withthe:

a. increaseofpressure
b. increaseoftemperature
c. increaseofintermolecular forces

d. - increase of polarity of molecules
v. Water normally boils at 100°Cbut it is possible to boil at 50°C which variable

would you have to changeto do this:

a. increaseexternal pressure b. decrease external pressure

c. increasesurfacearea d. decreasesurfacearea
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vi. The vapour pressure of aliquidin a closed container depends upon:

a. amount of liquid b. surface area of the liquid

C. temperature d. both (b)and ©
vii. Which one of the following is not an example of amorphous solid :

a. rubber b. glass

C. 8lucose d. plastic §
viii. At freezing point which one of the following coexists in dynamic

equilibrium :

a. gasand solid b. liquidandgas |

(& liquid and solid d. all of these
ix. Inkspreadsinwater because of : : /

a. vapour pressure b. -~ expansion

Ci diffusion = - d.

compressibility of water
X. What will be the pressure of a gas, if the volume of the gas at
2atmospheresisincreased from 1.5 dm’ to 3dm’:

a. 1atmosphere b.

1.5atmosphere
C. _ 2atmosphere d.

2.5atmosphere

Solve the following numerical questions.

i.  Calculate the final pressure of asam

K of as5.41 dm?
at 353 Kif thé pressure does not change. (Ans: 4.
iii. Calculate the initial volume qt 0°Co

fasample of gas that is changed to 731
cm?by cooling to-14°C at constant pressyre, (Ans: 770.513cm?)

Sample of gas originally L ¢
3 L
62 dra o b '

Pressure of the ggs js raised to 2.1 atm?
(Ans: 0.571dm?)
v. Calculate the final volume of 319°Co

fasample of gas original 5.13dm? at
171°C, if the pressure does not change. (Ans: 9-57dm’)

NOT FOR SALE
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SHORT QUESTIONS

An sv\:yleﬂy to the following questions.

ii.

iii.

iv.

Canyougive reason why it takes longer time to cook at highaltitude?
Glass softens over a wide range of temperature. Ice melts at a specicic
temperature. Explain the reason for this difference.

Explain why it happens that on a hot summer day when there is sweat on

thebody of aperson, one feels cool under fast moving fan? OO

Why are the densities of gases lower than that of liquids? ‘m}
What is the relationship between the atmospheric pressure and boiﬂng
int of aliquid?

H . . . . 'M“\ )
vi. Whyagasiscompressible but asolidis not compressible? Give /l;‘eason(s).

i
ii.

ﬁi

iv.

v‘

X
A~
Y
LONG QUESTIONS Na
Define Boyle's law and verify it experimentally. N\ '
Differentiate between \-Q, \

a. Evaporation and Boiling pomt.x
b. Effusion and Diffusion of gas;s

~¢. Condensationand Evap&ration “

Define the term uﬂotropf)vlth examples. Explain the three allotroplc
forms of carbdnin detdd\ :
What are sohds{ foferentlate between amorphous and crystalline
solids. \\:) :
Define ct\ﬁfle%’s law and verify it graphically and diagrammatically.

/\/ il

Project Waork

EETE——— R T

ot w4

A
~
/N

7
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Unlt (5)  Solutions

After studying this unit, the students will be ab{e;fb,

1 = Define the terms: solution, aqueous solutlon, solute and solvent and give
. an example of each.

= Explain the difference between saturated unsaturated and
supersaturated solutions.

= Explain the formation of solutfons (mixing gases into gases, gases into
liquids, gases into solids) and give an example of each.

= Explain the formation of solutions (mixing liquids into gases, liquids into
liquids, liquids into solids) and give an example of each.

= Explain the formation of solutions (mixing solids into gases, solids into
liquids, solids intosolids) and give an example of each. -

=  Explain what is meant by the concentration of a solution.
= Define Molarity. '

= Definepercentage solution.

= Solve problemsinvolving the Molarity of asolution.

= Describe how to prepare asolution of given Molarity.

= Describe how to prepare dilute solutions from concentrated solutions of
. known Molarity.

= Convertthe Molarity of asolutionand its concentrationin g/dm’.

« Use the rule that “like dlssolves like” to predict the solubility of one
substancein another.

= Definecolloids and suspensions.
=« Differentiate between solutions, suspension and colloids.

152
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Solutions

Introduction

Homogenous mixture of two or more than two components is called solution. Its
composition can be changed within certain limits. Solutions are not limited to
liquids state only. It is found in three physical states of matter. For example, alloy
is a solid solution, sea water is a liquid solution and air is a gaseous solution.

In previous.grades, you have learnt about the solutions and suspensions. In this
unit, you will learn about different types of solutions, its concentration and units
of measurement in detail.

6.1 Solution, Aqueous Solution, Solute and Solvent
(i) Solution

A homogenous mixture of two or more than two substances is called solution. A
solution is usually made up of two components i.e. solvent and solute. A solution,
which is made of two components, is called binary solution. For example, salt

dissolved in water.

(i) Aqueous Solution .
The solution which is formed by dissolving a substance in water is called an
aqueous solution. In aqueous solution, water is present in large amount and is
termed as solvent. For example, salt in water and sugar in water. Water is polar
covalent compound. Water has the ability to dissolve a large number of
substances, that is why water is called as universal solvent. It dissolve majority of

ionic and polar covalent substances.

(iiii) Solute and Solvent .
The component of solution which is present insmaller amount is called solute and

the component of solution which is present in larger amount is called solvent. A
solute is dissolved in solvent to make solution. For example, sugar solution is
made by dissolving sugar in water. In this solution, sugar is solute and water is
solvent. Beside this, there are a number of solutions which consist of more t!'lan
two substances. For example, soft drinks, in this water is solvent and sugar,

carbon dioxide (CO,), flavours etc. arethe solutes.

®)  NOT FOR SALE
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Solutions

N\
Fig. 6.1 Solvent and solute combmeto form solution
6.2 Saturated, unsaturated andsupgrsaturated solution
(i) Saturated solution /&

y

7

When a small amount of sugar 15 qdded into water in a glass,
very quickly init. If some more amount of sugar is added, it will also dissolve in it.
If the addition of sugar is kept«on,

astage isreached when the further amount of
solute will not dissolve- rmt.

n.it. But still if we add further amount of sugar, it will
remain undissolved and will settle down at the bottom of theglass.

Solution which ca_nnot dissolve further amoun

; t of solute at a particular
temperature _is;a"ed saturated solution at that temperature.

the sugar dissolve
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(ii) Unsaturated solution

An unsaturated solution is a solution, which has less amount of solute than is
required to saturate it at a particular temperature. For example, if we dissolve a
small amount of sugar in water, this solution still has the capacity to dissolve
more solute. This solution is an unsaturated solution.

A Solution which can dissolve further amount of solute at a particular
temperatureis called unsaturated solution.

(iii) Supersaturated solution

A solution which contains more amount of solute than the amount required to
saturate it at a particular temperature is called supersaturated solution. For
example, when a saturated solution is heated, it has the capacity to dissolve more
amount of solute. Such solution contains more solute than is required to form a
saturated solution and it becomes concentrated solution.

We can easily distinguish between unsaturated, saturated and super saturated
solutions. When a crystal of already dissolved solute is added to each of the three
forms of solution. If the crystal dissolves, the solution is unsaturated. If it remains
un-dissolved, it is saturated solution and if some excess of the dissolved solute
deposits on the crystal, then it is supersaturatedsolution.

o

Fig. 6.2 Unsaturated, saturated and supersaturated solutions

)  NOT FOR SALE
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0.3 Types of Solution

Solutions exist in gas, liquid and solid states. On this basis,

solutions.

1

there are nine types of

6.3.1 Gaseous Solution (Gas in Gas, Gas in Liquid and Gas in Solid)

Different types of gaseous solution are following.
Type o DR o i
5 O'I)I_J ¢ fofn Solution Solute Solvent Exampl? A: ‘
i. Gas in Gas Oxygen(gas) Nitrogen | Air ( oxygen in
(gas) Nitrogen) 3.0
Gaseous | ii. Gas in Liquid Carbon dioxide | Water Carbéﬁ"&ioxide
Solutions (gas) (liquid) inwater, e.g.
_| carbonated drink
fii. Gas in Solid Hydrogen Palladium| Hydrogen gas
(gas) (solid) adsorbed at
palladium
Fig. 6.3: Carbon dioxide in water
6.3.2 Liquid Solutionsfliquid‘m-ﬁas;,ﬂi'quidhliquiﬂ;ﬁwghsom)
Different types of liquid solutions are followmg
Type of : . '_ o e
solution |  soluion folitel ol pventl I Exavipie
I. Liquid in Gas Water vapours | Air (gas) Fog, humidity in air |
(liquid)
Liquid | i. Liquid in Liquid | Alcohol(liquid) | Water T
Solutions 1 fa[ﬂu‘dji _-;j s &
— e et |1 T Bl o
fii. Liquid in Solid | Mercury(liquid) | Gold Mercury amalgams,
(solid) | e.g amalgam used by
dentist (Hg in Ag)
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Solutions
Fig. 6.4 Mercury Amalgam
6.3.3 Solids Solutions (Solid in Gas, Solid in Liquid, Solid in Solid)
Different types of solid solution are following. |
Type of solution  Solution Solute Solvent * &Eﬁample |
N |
i. Solid in | Carbon particles| Air Smo';k? ( Carbon
Gas (solid) (gas) | g(a\ftlcles in air)
Solid ii. Solid in | Salts Water | Sea water, solutions e.g.
Solutions | Liquid (solid) flff;ﬂid) sugar in water
iii. Solid | Zinc . <:‘ ~-'éopper Brass (alloy), e.g. copper
in Solid s./:}\‘ (solid) | and zinc and bronze
fEaiih ,\Q“ (alloy) of copper and tin
- | Bronzeis an allo
Brass is an alloy Sterling sliver: ad
of oo andiming 92.5% silver of copper and tin. |
PP , 7.5% copper |

Fig. 6.5 Brass, sterling silver and Bronze alloys

7 NOT FOR SALE
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Society, Technology and Science

The substances we used in our life for existence are solutions. The solutions thqg

Wwe use are divided broadly into three categories, Gaseous solutions, liquiq
solutions and solid solutions.

Laseous solution:Air is solution (mixture) of different gases. e.g. N,, 0,, €O and
rare gases.

Liquid solution: We use different liquid solutions in our daily lives. For example,
the water we use for drinking, cooking and washing is not in pure form., It
contains dissolved minerals and gases that are essential ‘-‘fo‘r our health,
Beverages, vinegar, soft drinks etc are liquid solutions. In-addition to that
products such as glass cleaners, sanitary cleaner, shampoo, etc are also liquids
solutions. Most medicines that we use are produce(gizfsolutfon form.

Solid solution: Alloys are the solid solutions tﬁ@\t{_wv've use in our daily lives.

Jewelry is an alloy (solid solution) of gold mi&“opper or silver. Because pure
gold is very soft, so it cannot be used in.its pure form. Gold are mixed with

copper or silver in order to use it for jQﬁ@lry. Brass and steel used for making

utensils, surgical instruments, buses, cars trains, etc are solid solution of

metals. Parts of airplane are made of solid solution of metal
O ig S h j
Dentalfillings are also solid sgj\@lo”ﬁs of metalsin m'e:cury. such as Al and Mg

6.4 Concentration ofSelution

Concentration is the proportion of a solute in a solyt
solution is ameasureor ratio of the amount of solute
or solution. The larger the amount of solute
would be the concentration.

(i) Dilute. salution

A solution, which contains small amount o solu A
called a dilute solution. f te dissolved in the solvent, is

ion. The concentration of a
in agiven amount of solvent
Present in a solution, the higher

(if) Concentrated solution

A solution, which contains large amount of soly i
called a concentrated solution. f solute dissolved in the solvent, IS

NOT FOR SALE (i)

Scanned with CamScanner




Information

= “l_L e g

For example, a solution in which 5g of sugar is dissolved in 100cm’ of water is

dilute as compared to a solution in which 8g of sugar is dissolved in 100cm’ of
water.

Concentration solﬁ,fft;ﬂ: Dilute soluilon:

More solute particles Fewer solute particles
per unit volume. per unit volume.

Fig.6.6 Dilution of Solution

There are many units to express the concentration of solutions. In this unit, we
will study two units (i) Percentage composition (ii) Molarity.

6.4(1 Percentage composition

ltkthemnnbu'ofpm'lsofsolutcpnsmtﬁ'l 100 parts of solutionor the fraction of
a solute in a solution multiplied by 100.

% NOT FOR SALE
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Solutions
The percentage compositions of asolution are expressed in four ways:

.. Percentage Mass By Mass( Mass - Mass Relationship m/m):

It is the number of grams by mass of solute present in 100 b
o255 f grams by mass of e p iy 100 grams by mass of

For example, 10 % solution of sugar by mass means, 10 grams of sugarin 90grams
of solvent, so that the solution weighs 100 grams.

% mass / mass = messof sokse (¥} X 100

T mass of solute(g) + mass of solvent(3)
S e of solut (8) \2.}3“ ‘

) solute g zéra :
1

.mass of solution (g)j

Z mass / mass =

ii. Percentage Mass By Volume( Mass - Vogqgﬁgfﬁelationship m/v)
Itis the number e presenti '
ofyamh;mof%m&ﬁmtmm;ofsduﬁom

For example, 10 % solution of NaCl by mass means, 10 grams of NacCl in solvent to

make 100cm’ of the solution, In this case, th :
| , the total Mass o o N oot
considered. . f fhf! solution is no

-\
‘mass of solute (g) :
volume of solution (cm{)‘x 120

% mass / volume =

iii. Percentage Volume By Mass (Vol_ume-Mass Retatimshipv/m)
ltisﬂmvaﬁimehan?‘ofdmwh ' s

: 100grams of the solution.
For example, 10 % solution of Alcohol b ‘

(unknown) volume of water so that the t
solvent. In this case, the total volume of t

Y volume means, 10 cm’ of Alcohol in
otal mass of the solution is 100grams of
hesolution is not considered.

%volume /mass= ﬂeofmte(w) '

e e
o 1
St i iy
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iv. Percentage Volume By Volume (Volume - Volume Relationship v/v)

Itisthevolumein cm’ofasolute dissolved per100 cm’oftheso!ﬁﬁom

For example, 10 % solution of Alcohol by volume means, 10 cm’ of Alcohol in
sufficient volume of solvent, so that the volume of solution is 100cn’.

volume of solute ( cms)
% volume / volume = X 100

volume of solution (cm’ ) €

6.4.2 Molarity

Molarity is a concentration unit. It is defined as the number of moles of solute
dissolved per dm’ (liter) of solution. It is represented by “M”. The formula used
for the preparation of molar solution is as follows. .

_ number of moles of salfite

Molarit = c
e ) volume of solution in'dm
By definition \
; amount of safute in gram
Mole =
molecularymass of solute

So molarity can also be given as,

amount of solute in gram
" molecular massvéfsolute « volume of solution in dm?

EXAMPLE: 6 1

Calculate the molanty of a solutlon containing 7.50 mol of CaCO, in enough

water to make 1.50 dm’ of solution.
7.50 _ 5.omol
1.50dm®  1dnm?’

—_—

Solution Molarity = = 5.0M

i 3 !
+dm’ = 1 liter = 1000cm” = 1000ml
1em> =1ml

@
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Solutions
6.4.3 Problems Involving the Molarity of a Solution

The following examples will help you to understand the molarity and how molq,
solutions are prepared.

To find the molarity of a solution, youmust know the molar mass of the solute.

For example, 1 molar solution of glucose (C,H,0,) means 1 mole ( 180grams) of

Glucose per dm’ of solution. Similarly, “one-molar” solution of sodium hydroxide
) 3 H

(NaOH), contains one mole of NaOH (40 grams) in one dm’ of solution., As the

symbol for molarity is M, and the concentration of a one-molar solution of sodium
hydroxideis written as 1M NaOH.

One mole of NaOH has a mass of 40.0 g. If this quantity of NaOH is dissolved in

enough water to make exactly 1.00dm’ of solution, the solution is a 1M solution. If
3 -

20.0g8 of NaOH, is dissolved in enough water to make 1.00dm’ of solution, a

0.500M NaOH solution is produced. This relationship between moldrlty, moles
andvolume may be expressed in the following ways.

e Amount of solute in gram
molecular weight of solute x volume of solution in dm’

40

=———=1mol
40 x 1dm?

Or
20

M= ———=0.500mol
- 40% 1dm’ 2

If twice the molar mass of NaOH, i.e. 80 &

is dissolved in enough water to make
1dm’ of solution, a 2M solution is produced.

NOT FOR SALE
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.. EXAMPLE: 6:2"

5 85 g of Nacl s dissolved in water so as to make 500 cm’ solution. Determine
‘the molarity of the solution. (Atomic mass of Na =23g and Cl=35.5g)
Solution: AmountofNaCl = 5.85g
i Molar mass of NaCl 23+35.5 = 58-5gmol"

|
| Moles of Nacl (solute) 5858 = o0.1mol
58.5 gmol

Volume of solutionincm’ = 500cm’

Volume of solutionindm’ = 150‘:;:, =0.5dm’ |
Moles of solute |
Volume of solution in dm’ :
On putting the values,
_ o1 mol =02 M
0.5 dm
Itis 0.2 molar solution.
EXAMPLE 6.3 : ‘
" Calculatethe molarfty of 50.0 cm’ of solution containing 7.50 g of CH,OH.
Solution
Because molarity is defined in terms of moles of solute and liters of solution,
the given quantities can be converted tomoles andliters, respectively:

PP re——

7-508 =0.2344mol CH,0H

oo
No. of moles.of CH30 32.08 2 {

1dn?

ioo0cm

3

SO.OCm ] = 0-0500dm3

= 0.2344moICHOH _ 4.69MCH.OH
o.0500dn?’

Practice Problem: 6.1 ¢

@  NOT FOR SALE
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Activity:6.1 [ T

The preparation of a 0.5000 M solution of CuSO, . 5H.,0.

Start by calculating the mass of
CuS0,.5H,0 needed. Making a
liter of this solution requires
0.5000 mol of solute. Convert the
moles to mass by multiplying by

Add some solvent to the Rinse the weighing beaker with
the molar mass of CusO.5H,0. solute to dissolve it and more solvent to remove all the
This mass is calculated to be then pour it into a 1.0 dy’ solute and pour the rinse into
124.8g. volumetric flask. the flask. Add water until the

\ volume of the solution reaches
theneck of the flask.

Put the stopper in the Carefully fill the flonk 1o, o, ' r
flask, and shake the ~ the 1.0dm’ mark with ang o e, tNe flask  The sokution

fod nvert I at least 0.5000 mo] of S0l
solution thoroughly. water, 10 timesg to ensure dhssgl‘:':d'?nol.ooo dmgo
‘W"P'ﬂtmkhg

NOT FORSALE ()
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ute a stock solution, dilution equation is used: M,V,= M,V,. Where M, and

Tod
olarity and volume of the concentrated stock solution and M, and

v,are them

larity and volume of diluted solution you want to make.

v,arethemo

EXAMPLE: 6.4 2. 8 - ‘ e . :

he molarity of the solution if 30cm’ of 2.5M of CaCO, solution is

e

what will be t
dilutedto 280cm’?
| Solution:
M1= Z-SM ¢ Vl = 30(”’]3 ) v2 =280¢cm’ ; Mz:?
Orwe can write, M,V,=M.V,
M= _M_“::_
2 V;
M =23 X30 = 0.267M
280 £,
EXAMPLE: 6.5 s 23
s .._.___..._...._=____._..d___.._._._..h-_ F S e : : :
What volume of water must be added to 85 cm of 3.5 M Na,CO, to dilute it
to0.41M?
Solution: 3
M= 3.5M V= 85ecm
M, =0.41M V,=?
We can write,
M V= M.V,
v A 3.5%85_ 555.60cm’
2T M, 0.4
Volume of solution =725.60—853
= 640.60cm
lution.
640.60cm’ needs to be added to get the dilution.

@)  NOT FOR SALE
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Soluthn,
0.5 Solubility
The solubility is defined as the amount of solute in grams dissolved in 100 grams
of the solvent to prepare a saturated solution at a given temperature, The

concentration of a saturated solution is referred to as solubility of the solute jn
givensolvent,

Different substances have different solubilities in the same amount of solvent atq
specific temperature, For example, sodium nitrate (| NaNOB) is more soluble than
silver chloride (AgCl) in water. Generally, the solubility of solute is taken to pe the
quantity required to make a saturated solution in given quantity of the solvent,

WH. of the solute
Wt. of the Solvent

Solubility of solutes depend on the following factors: .

(i) Nature of the solvent
(i)  Natureofthesolute
(iii)  Pressure

(iv)  Temperature

Solubility = X 100

(i) Natureofsolvent

| bility. If a solute js changed and the solvent
remain the same, the solubility of the soj

ute also changes. For example, sodium
chloride has high solubility in water and sugar hqs COmparatively low sol:nbiﬁty in
water.

i. The ionic and polar Substances ares
and polar covalent COmpounds gre g

oluble in Water e.g. Nacl, KCl, Na,C0y
aresoluble jn Wwater.
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Solutions
ii. Non-polar substances are insoluble in polar solvents. Non-polar covalent
compounds are insoluble in water such as benzene and petrol is insoluble
in water.

if. No‘n-polar covalent substances are soluble in Non-polar solvents. Grease,
paints are solublein petrol, ether or carbon tetrachloride etc.

Solubility and Solute - Solvent Interaction

Lithium chloride is highly soluble in water but gasoline is not. On the other hand,
gasoline mixes readily with benzene (C;H), but lithium chloride does not. Why
are there such differences in solubility? “Like dissolves like” is a rough but useful
rule for predicting whether one substance will dissolvein another or not.

(i) Dissolving lonic Compounds in Polar Solution

The polarity of water molecules plays an important role in the formation of
solutions of ionic compounds in water. The charged ends of water molecules
attract the ions in the ionic compounds and surround them to keep them
separated from the other ions in the solution. For example, we add a few crystals
of lithium chloride into a beaker of water. The water molecules come into contact
with Li* and CI” ions. The positive ends of the water molecules are attracted to CI’

e
Hydrated Li*

water molecule

Hydrated Cl™

Licl crystal

drated. The attraction between ions and water

ves, the ions are hy
Wiise LY Ghsoarion h that each fon in solution is surrounded by water molecules.

molecules is strong enoug
and Solute - Solvent Interaction

%  NOT FOR SALE

Fig. 6.7: Solubility

Scanned with CamScanner



&

Solutiong

ions, while the negative ends are attracted to Li’ ions. The attraction betwee,

water molecules and the ions is strong enough to draw thf Ay, from t-he
crystal and form solution, as illustrated in Figure 6.7 Tf"s SO’Utlof" for matlo.n
process with water as the solvent is referred to as hyc.lratron. Th.ese ions are sajq
to be hydrated. As hydrated ions diffuse into the solution, otherions ar.e exposed
and are drawn away from the crystal surface by the solvent. The.entrre c.rystal
gradually dissolves and hydrated ions become uniformly dtstr;buted in the
solution.

(i) Dissolving lonic Compounds in Non-polar Solvents
lonic compounds are generally insoluble in non-polar solvents such as carbon
tetrachloride (CCl,) and benzene (C;H,). The non-polar solvent molecules do not

attract the ions of the crystal strongly enough to overcome the forces holding the
crystal together.

Lithium chloride (LiCl) is not soluble in benzene. Lithium chloride (LiCl) and
benzene (C.H,) differ widely in bonding, polarity and intermolecular forces.

(iii) Liquid Solutes and Solvents

Liquid solutes and solvents that are not
soluble in each other are immiscible. For
example, benzene and water, shown in Figure
6.8, are immiscible and the components of
this system exist in two distinct phases.
Non-polar substances; such as fats, oils and
greases are generally quite soluble in non-
polar liquids, such as carbon tetrachloride,
benzene andgasoline.

Liquids that dissolve freely in one another in
any proportion are said to be completely
miscible. Benzene and carbon tetrachloride
are completely miscible. The non-polar
molecules of these substances exert no
strong forces of attraction or re

pulsion and
the molecules mix freely with one another,

Fig. 6.8: Liquid Solutes
and Solvents - immiscible
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Ethanol and water, shown in Figure 6.9, also mix freely. The - OH group on.an
ethanol molecule is somewhat polar. This group can form hydrogen bonds with
water as well as with other ethanol molecules. The intermolecular forces in the
mixture are so similar to those in the pure liquids that the liquids are mutually
soluble in all proportions. The components of this system exist in a single phase |
with a uniform arrangement. Hydrogen bonding between the solute and solvent '{'
enhances the solubility of ethanol in water.

H H s
H c: % OH D

H H

C,H,OH

Water molecule, . . Hydrogen bond
H>0

Ethanol molecule

(a) Soluble and miscible X
Fig. 6.9: Liquid Solutes and Solvents - miscible

(iii) Effect of pressuréon solubility
Solids and liquids are incompressible t
liquids are notaffected by changing the pressure.

Solubility of gases increases wi
dfo:gidq-f& fiilled in soda water
water is opened, carbon dioxide ¢
Pressure in the bottleis released resu

herefore the solubilities of solids and

th the increase in pressure, for example, carbon
bottles under pressure. When a bottle of soda
omes out with effervescence (bubbles) because
Iting in decreasein the solubility of the gas.

o

@ NOT FOR SALE
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Toinvestigate the solubility of solutes in different solvents.
Chemicals:

Common Salt, vinegar (AceticAcid), iodine, methylated spirit
Method: :

1. Mix half a teaspoon of common salt in 100cm’ of water.

2. Mix half a teaspoon of vinegar (acetic acid) in 100cm’ of water.
3. Mix a few grains of iodinein 100cm’ of water.

4. Mix a few grains of iodine in methylated spirit.

Results:
Record your observationsin the table below:
Solute Polar, non- Solvent Polar, non- Does solute
polar or polar or dissolve?

ionic solute ionic solvent |

. lodine methylated
spirit w3
lodine water o e
Vinegar ‘| water = it
Salt water e

You should have noticed that in some cases, the solute dissolves in the solvent
whileinother casis,lt doesnot. '

Conclusions:

In general, polar and ionic solutes dissolve well in polar solvents, while nor
polar solutes dissolve well in non-polar solvents. An easy way to remember this
is that 'like dissolves like', in other words, if the solute and the solvent havé
similar intermolecular forces, there is a high possibility that dissolution W

ur.
occ s o
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(iv) Effect of Temperature on Solubility :

The solubility of many substances is affected with temperature. Increasing the
temperature, usually decreases gas solubility. As the temperature increases, the
average kinetic energy of the molecules in solution increases. A greater number
of solute molecules are able to escape from the attraction of solvent molecules
and return to the gas phase. At higher temperatures, gases are generally less
soluble, as shown in Figure 6.11.

o]

X

o \\
\--._ \L"‘--..
e —

1.0

Solubility (mM/L)

He

0 10 20 30 40 50
Temperature (°C)

Fig. 6.10: Eﬁmofrmwmmsolubﬂityofniﬂamtcases
. The effect of temperature on the solubility of solids in liquids is more difficult to

predict. Generally it appears that solubility of solids increases with increase in

temperature, but this not always happen. When a solute (salt) is added into
solvent, there are different possibilities with reference to effect of temperature

onsolubility as shown in the figure 6.11. These possibilities are given below.
(i) The solubility of some solutes increases with rise in temperature. For example,
the solubility of Potassium Nitrate (KNO,), Cacl,and Pb(NO,),.

_ | 7  NOT FOR SALE

R -

Scanned with CamScanner

A T TR e R PR S DL A W L IR




,‘\?‘ = :% T.-ﬂ!. ﬁ" G <3

2

Solutions
(if)  The solubility of some solutes decreases with increase in temperatyre for
)
example, Ce,(S0,),, Li,CO, and CaO.

(iii)  The solubility of the NaCl and KBr is not affected by increase or decregse iy
temperature and remains constant.

(iv) There are some solids whose solubility increases up to a certain temperatyre
and then decreases on further increases in temperature. For example, Sodium
Sulphate, forms deca-hydrate (Na,S0,.10H,0) at 32.4°C. Above this

temperature, it forms anhydrous Na,SO,. The maximum solubility of Sodium
sulphateis at 32.4°C.
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Fig. 6.11: Effect of tmmm!sdnbnﬂyofm salts in water
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6.6 Comparison of Solution, Suspension and Colloids

6.6.1 Solution

Solutions

A solution is a homogeneous mixture of two or more components. This is an

example of true solution. Each component is mixed in such a way that these t
components cannot be identified easily. The simplest example is the salt solution.

You cannot differentiate between the solute and solvent they are mixed in sucha

way that they form a uniform mixture. Its particles cannot be seen with naked

eye. They can pass through the filter paper during filtration. They do not settle

down at the bottom of the container, If allowed to stand even for longer time.

6.6.2 Colloids

These are solutions in which the solute
particles are larger than those present in
the true solution, but not large enough
to be seen with naked eye.Particles that
are intermediate in size between those in
solutions and suspensions form mixtures
known as colloidal dispersions or simply
colloids. Particles between inm-1000nm
in diameter may form colloids.

In colloids, solute particles are_not
homogenized with the solvent. These
can pass through the filter paper during
filtration. They do not settle down at the

Sciontific Information

Tyndall Effect
Many colloids appear homogeneous
because the individual particles |
cannot be seen. The particles are, ]
however, large enough to scatter
light. This effect, known as the -
Tyndall effect, occurs when light is -
‘scattered by colloidal particles
"dispersed in a transparent medium.
' The Tyndall effect is a property that i
' can be used to distinguish between a
solution anda colloid.

i

Fig. 6.12 Examples of colloidal systems from daily life

3 NOT FOR SALE
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Solutions
bottom of the container, if allowed to stand for some time. For example, ¢

mixture of starch in water is an example of colloid. Examples of the varioys types
of colloids are given in Table 6.1.

Table 6.1 Classes of Colloids

Class of colloid Phases Example % S
Sol solid dispersed in liquid paints, mud —
Gel solid network extending gelatin X =
throughout liquid Qa°
Liquid emulsion liquid dispersed in a liquid | milk, mayonnaise
Foam gas dispersed in liquid shagin}ff;éam, whipped cream
Solid aerosol solid dispersed in gas smoke, airborne particulate

matter, auto exhaust

fog, mist, clouds, aerosol spray
cheese, butter

Liquid aerosol | liquid dispersed in gas e ,{ v
Solid emulsion | liquid dispersed in solid

EXAMPLE: 6.6 RN 2

Which solvent—liquid ammonia (NH
dissolve each of the following solutes?
(a)H,0 (b) CeH.,, (¢ Agcl
Solution

;) or benzene (C,H,) is more likely to

a. H,0ismorelikely todissolvein NH, becaus

_ eboth substances are polar and
capable of hydrogen bonding.
b. “C,H,,ismorelikely to dissolvein the nonpolarsolvent,

c AgCI ismorelikely todissolve in the polar solvent, (NH

(CHy).
b
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Solutions

{T

6.6.3 Suspension (Turbidity)

A suspension is a heterogeneous mixture of undissolved particles in a given
medium. Its composition is not uniform throughout. In suspension, the solute
particles are large. It can be seen with the naked eye. These suspended particles
settle down at the bottom if left and allowed to stand for some time. For
example, if we stir mud or sand in water. It mixes in water. When left for some
time, a layer of particles settle down at the bottom and clear liquid remains at the
top. The process of settling of particles at the bottom is known as sedimentation.
The clear liquid at the top can be decanted (poured off) from the top..The
particles cannot pass through filter paper and stay on paper during filtration. For
example, a mixture of chalk water is suspension.

Fig. 6.13: Suspension (Turbidity) and solution
Beside this, other examples of suspension are medicines such as Antiacid,

Antibiotic and Paracetamol etc. It is necessary to shake these medicines before
use,

7 NOT FOR SALE
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Solutiong

The distinctive properties of solutions, colloids and suspensions dre summarizeq
inTable 6.2

TABLE 6.2 Properties of Solutions, Colloids and Suspensions

’_S. No. Solutions Colloids Suspensions
1. Homogeneous Heterogeneous Heterogeneous
2. Particle size: 0.01-1 Particle size: 1-1000 | Particle size: over
nm; can be atoms, nm, dispersed; can be | 1000 nm, suspended,
ions, molecules aggregates or large | canbe large particles
molecules or.aggregates
3. Do not separate on Do not separate on ggg Particles settle down
standing standing \;;?‘
4. Cannot be separated | Cannot be separated | Can be separated by
by filtration by filtration filtration
5. Do not scatter light Scatt Q}éﬁt (Tyndall | May scatter light, but
effec are not Transparent
6. Particles are so small | Particles are big but - | Particles are big
that they can’t be cannot be seen with | enough to be seen
seen with naked eye - | naked eye with naked eye

NOT FOR SALE
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Solutions
Table salt in water is an
example of solution. -

Colloids
Milk in water is an example
of colloids,

Suspensions
Flour in water s an

example of suspensions.

Fig. 6.14: Comparison of solution, colloids and suspension

_rad Vi
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Solutions
. A solution is a homogenous mixture of two or more than two substances.
. Aqueous solution is that solution, which is formed by dissolving a
substance in water. |
= Soluteisthat component of solution which is present in smalleramount.
" Solvent is that component of solution which is present in larger amount.
" Saturated solution cannot dissolve further amount of solute at a ;
particular temperature. E
. Unsaturated solution can dissolve further amount of solute at a particular 1
temperature. - _ ,%‘;
. Supersaturated solution contains more amount of solute than the '
amount required tosaturateitata particular temperature. *}‘
. Solutions can exist in gas, liquid and solid states, on this basis, there are i
nine types of solution. !

: Concentrationof a solution is a measure of the amount of soluteinagiven

amount of solvent or solution. _

~ A dilute solution is that solution which contains small amount of solute
| s'

dissolved in the solvent.
ted solution is that solution which contains large amount of

h solute particles.

. A concentra
solute dissolvedin the solvent. T
= Percentage is the number of parts of solute present in 100 parts of }
solution. !
® Water is a universal solvent. It dissolves majority of compounds due to its %
I

stronger interactions wit

@ __ NOT FOR SALE

Scanned with CamScanner



Solutiong

Molarity is the number of moles of solute dissolved per dm’ (liter) of
solution,

Solubility is the amount of solute in grams dissolved in 100 grams of the
solvent to prepare a saturated solution at a given temperature.

Liquid solutes and solvents that are not soluble in each other are called

immiscible.

Liquids that dissolve freely in one another in any proportionare said to be
completely miscible.

Colloidal solution is that solution which has particles that are
intermediate in size between solutions and suspensions to form mixtures,

Particles between 1 nm - 1000 nm in diameter may form colloidal
dispersions or simply colloids. '

Tyndall effect occurs when light is scattered by colloidal particles
dispersed in atransparent medium . '

A suspension is a heterogeneous mixture
given medium. In suspension the
the naked eye.

of undissolved particles in a
Particles are large. It can be seen with

The process of

settling of particles qt the bottom is known as
sedimentation.
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Solutions

I Exercise

Choose the correct option.
i. Which of the following solution is more dilute:

a. 1.o0M b. 0.5M
c. 0.05M d. 0.005M

Jii. Milk is an example of :
a. Solution b. Saturated solution
c. Colloids solution d. Suspension

iii. Water droplet in air is an example of solution:

a. Gasin gas b. Gas in liquid
c. Liquidin gas d. Liquid in liquid

_iv. When there is a low concentration of solute in a solution, it is known as:
a. dilute solution b. saturated solution
c. concentrated solution d. super saturated solution

v. What is the molarity of a NaNOj; solution made by diluting 250.0 cm’ of
a 1.60 M solution to a final volume of 400cm’:
a. 1.20 M b. 1.00 M
c. 0.200M d. 0.160M
vi. What is the concentration, in % mass by volume (m/v) of a solution
containing 15.0 g KClin 600.0 cm’ solution: |

d. 5.00% b. 2.00%
C. 0.200% d. 2.50%
vii. When KCl dissolves in water, the following will be produced:
a. Kanddl b. K and Cl
c. KandCly d. K" and Cl,

viii. 2 moles of Na,SO, are dissolved in one dm? of solution. Molarity of
solution is:
“a. 1M b.2M

¢ 3M d.o.5M . )
ix. Molarity is the number of moles of solute dlfsolved in:

a. 1kg of solvent b. 1kg of solutu?n

c. 1dm?’of solvent d. 1 dm’ of solution
x. The molarity of a NaOH solution by dissolving 4 g of it in 250 ml water

is:
a. 0.4M
c. 0.2M

b. 0.8 M
d 0.1 M
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Solutions
Solve the following numericdl questions.

I. What is the molarity of a solution composed Of 5.85 g of potassium iodide

(Ki) drssolved in enough water to make 0.125 dm’ of solution?
(Ans: o, 281m)

How many moles of H,SO, are present in o. 500 dm’ of 0.150 M H,50,
solution? (Ans: 0.075 moles)

Suppose you wanted to dissolve 40.0 g NaOH in enough H,0.to make 6.00
dm’ of solution.

LX)
Il.
e
mi.

a. Whatisthe molar mass of NaOH? (Ans: 40)
b. Whatis the molarity of thissolution?  (Ans:0.166 M)

What is the molarity of a solution of 14.0 g NH_Br.in enough H,0 to make
150 cm’ of solution? (Ans: 0.9533 M)

iv.

Supposeyou want to produce 1.00 dm’ of 3.50 M solution of H,SO,.
a. Whatis the solute? (Ans:H,SO,)

b. Whatis thesolvent? (Ans: H,0)

¢. Howmany grams of solute are needed to make this solution?

(Ans:343g)
snonrfqussnons
Answer briefly'thefollowing questions.

i. Is seawater a solution? How would yoy Prove with a simple experiment
whether it is pure water or asolution?

ii. Abottleinadrug stqre contqins a label “3 percent hydrogen perom'de_n
Whatdoes it mean? :

iii. . Classify the following as asolution, collojd Orsuspension and explain why:
(i) Milk (ﬁ)HOt cup of tea (iil) Orange,mce with pl.l,P
(iv) Mayonnaise (v) Listerine mouthwash (vi) Milk of Magnesia

~ (vii) Cheese (viii) Mist ' (ix) Bottled water

iv. Why westir paints thoroughly before using jt?

v. Why suspensions and solutions do not show Tyndall Effect while colloids
do?

NOT FORSALE &)
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Solutions

LONG QUESTIONS

i Define solution? Explain types of solution on the basis of states of matter.
i (a) Discuss thesolubility of a substance?

(b) Explain the factors that are responsible for the solubility of a
substance?

iii. (a) What is the difference between a concentrated and a dilute solution?
Give examples of each.

(b) Differentiate between unsaturated, saturated and supersaturated
solutions.

iv. Describe one way to prove that a mixture of sugar and wateris a solution
and that a mixture of sand and water is not a solution.

V. Explain the following concentration units. |
a. Percentage composition
b. Molarity

\ Project Work
_

Which of the following substances are pure substances and which are
mixtures? '

a. Seawater i. Orangesquash
b. Cooking oil j-~ Salt
c¢. Coal 9 k. Milk
~d. Steel : _ . Oxygen gas
e. Chillisance m. Air
f. Bronze ' . n. Orange juice
NEE s‘and i 0. Coke
h.- Gold ' p. Soil
2
L\ =

()

NOT FOR SALE
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Unnti Electrochemistry

After studying this unit, the students will be able to;

<

= Define oxidation and reduction in terms of loss or gain of oxygen or
hydrogen.

* Define oxidation and reductionin terms of loss or gain of electrons.

= Identify the oxidizing and reducing agentsin aredox reaction.

= Definethe oxidizing and reducing agent in a Redox Reaction.

= Defineoxidationstate.

= State the common rules used for ass

: : : Issigning oxidation numbers to free
elements, ions (simple and complex),

molec:ules, atoms,
* Determine the oxidation number 0

f an atom of any element in a
compound. £

» - Describe the nature of electrochemical Processes

= Sketchanelectrolytic cell, label the cathode and the anode

= Identify the direction of movement

. of cations and anions towards
respective electrodes. :

= Listthepossible usesofan electrolytic cell,

__-—-“___ ——ﬂ'.‘
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Electrochemistry

. SketchaDanniell cell, labeling the cathode, the anode and the direction
of flow of the electrons.

= Describe how a battery produces electrical eﬁergy.

« Identify the half-cell in which oxidation occurs and the half-cell in which
reduction occurs given a voltaic cell.

= Distinguish between electrolytic and voltaic cells.
= Describe the methods of preparation of alkalimetals.
= Describe the manufacture of sodium metal from fused NaCl.

« Identify the formation of by products in the manufacture of sodium
metal from fused NaCl.

= Describe the method of recovering metal fromits ore.

= Explain electrolyticrefining of copper.

= Definecorrosion.

« Describerusting of iron as an example of corrosion. | (

=  Summarize the methods used to preventcorrosion. '

= Explain electroplating of metals on steel (using examples of zinc, Tin
and chromium plating).

Introduction
In electrochemistry we study about the chemical changes, which take place when

electric current is passed through a particular type of material. We also study.

those chemical reactions which produce electric current. Electrochemistry deals

with the interconversion of electrical energy and chemical energy. The

applications of electrochemistry are widespread.

What is common in rusting of iron, combustion of fuel and food metabolism in

human and animal bodies? All these processes involve oxidation - reduction r
reaction. These reactionsinvolve transfer of electrons. |
Inprevious grades, you have learnt about the chemical reactions. Inthis unit, you '-,
will learn about oxidation ~ reduction reactions. You will also learn that how
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E lectrochemfst,y

electrical energy is converted into chemical energy and chemical energy iy,
electrical energy.

- 7-1 Oxidation and Reduction

Electrons are lost in oxidation and gained in reduction. Therefore, whep
oxidation occurs during a chemical reaction, reduction must occyr
simultaneously. The number of electrons lost in oxidation must equal the number
of electrons gained in reduction. This name is often shortened to redox reaction,

Oxidation

a) The addition of oxygen to asubstance is called oxidation. For example
carbon is oxidized to CO, which involves the addition of oxygen.

¥ \
" Sl

[

C+ 02 > CO: ) \
' O~
b) The removal of hydrogen or other electropositive elements from a

substance is called oxidation..l-félr‘)e‘xample ammonia (NH;) oxidized to
nitrogen by losing hydrogen.

2NHy +3Cl, ———> N, +6HCl
¢) Theremoval of elqctEBI;(s) froﬁ asubstance is also called oxidation. For
example, when }:‘.g" loses electron and oxidizes to Fe®.
FB*z,ll e
Reduction

a) Theremoval of oxygen from a substance I'SI called reduction. For examplé
HgOisreduced to Hg on heating.

Heat :
2HgO _ff__’ 2Hg + 0,

Scientific Inform
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Electrochemistry

b) The addition of hydrogen to a substance is called reduction. For example
nitrogen is reduced to ammonia (NH; ).
N2 + 3H; > 2NH; ‘
¢) The addition of electron(s) to a substance is also called reduction. For
example Sn™ gain two electrons and reduces to sn”.
Sn*¥ +2e > Sn*?

L

Consider the reaction between sodium (Na) and chlorine (Cly). This reaction
involves the transfer of electrons from sodium atom to chiorine atom. Sodium

(Na) atom loses an electron and is said to be oxidized to sodium ion (Na’), while
chlorine (CI) atom gains an electron and is reduced to chloride (CI7) ion. Those
reactions in which, gain and loss of electrons takes place simultaneously is called
anoxidation-reduction or Redox reaction. |
-2Na+ G, ——» aNaCl
7.2 Oxidation States and Rules for Assigning Oxidation States

(i) OxidationStatesorOxidation Number
It is the apparent charges, positive or negative, on an atom of an element ina

molecule or anion.Unlike ionic charges, oxidation numbers do not have an exact
physical meaning. In fact, in some cases they are quite arbitrary. However,
mbers are useful in naming compounds, in writing formulas and in

oxidation nu
' The color of solutions changes with the change of

balancing chemical equations.
oxidation state.

blue | : green orange

+3

Fig. 7.1 Color change of chromium solution with change of oxidation state

42

Yy ’
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(i) Rules for assigning oxidation number

i The oxidation number of all elements in the free state is zer, For
example, the oxidation number of H,, Cl, Na, etc. is zero.

ii. The oxidation number of a simple ion is the same as the charge on it, ro,
example, oxidation numbers of Na', Ca”, Al and Br™ are +1, +, +3and—
respectively. _

iii. The oxidation number of hydrogen in its compounds is +1 except in the
case of metal hydrides, whichis -1 e.g. Na'"'H™"

iv. The oxidation number of oxygen in its compounds is -2.except in the case
of peroxide, whereit is-1 forexample H,0,andin the case Of OF,, itis +2,

v. The oxidation number of each element of group L, ll.and lilis +1, +2 and +3
respectively.
vi. The oxidation number of each element of group VII (halogens) in their
binary compounds s -1. >
vii. In neutral molecules, the algebraic sum of the oxidation numbers of dll
the elementsis zero. For exampleH, SO 4
2H+S+4(-2)=0

2X1t$—8=0
2+5-8=p
we can write S-8+2=0
S-6=0 S=6
Thus H?- s ‘—o;s

viii. In ions, the algebraic sum of oxidation numbers equal to the charge onthe
ion. Forexample Mno}! :
Mno,’
Mn + 40=-1
Mn+4(-2)=—4
Mn+8= —1
Mn=-1+8 Mn=y

Scanned with CamScanner



E lcctrochemlsti'y

EXAMPLE: 7.1

Determine the oxidation numbers of phosphorus and chlorine in phosphorus
pentachloride, PCls,

Solution

In this compound, the oxidation number of each chlorine atomis ~1. ®
To make the total of all the oxidation numbers for PCls equal to zero, the
phosphorus must have an oxidation number of +5. To do this calculation
systematically, ; E
let x equal the oxidation number of phosphorus in PCls. Then _°

x +5(-1) =0

N S *

Oxidation Number of Oxidation Charge on
number of chlorine number of each  the /7
phosphorus atoms chlorine atom molecule

X \ \

t 4

X-5=0 ‘
X =+5 ' h
Thus, the oxidation number of phosphorus is 5 and chlorine is -1.

- EXAMPLE: 7.2 ey |
What is the oxidation number of nitrogenin the nitriteion, No, ? |

Solution
The oxidation number of oxygen in'most of its compounds is -2. The
oxidation numbers of the two oxygen atoms plus that of the nitrogen

atom must total -1, the charge on the ion: i

1+ 2(-2) = =1

iy WO e

Oxidation Number of Oxidation Charge on the
number of oxygen number of each nitrite ion
_-nitrogen atoms oxygen atom

- X4 = -1 ‘
N\ X = —-1+4
N X=+3

30, the - - her oy Nitrogenin nitriteis + 3.

~ NOT FOR SALE
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'Practiée Pro'blem; 7:1° 4

* Determine the oxidation number of carba‘n in__ ﬁC'O;__- _ o3
* What is the oxidation number of sulphur in the sulphite ion, SO,

Most obvious characteristics chemical property of the trans!'tjqn metals is
the occurrence of variable oxidation states. Mostly trapg‘iﬁdn elements
have variable oxidation states in their compounds. N\

Iron exists most commonly in Fe(ll) and Fe ({I\I?}%‘ﬂdation states. = _

Cbpper have 3 oxidation states. Cu(1), Cuk@md Cu ().
Manganese have 6 different oxidation states, i.e. Mn*3, Mn*3, Mn**,Mn",

Mn**andMn*’. Q/‘Q/

7.3 Oxidizing and Reducing Agents
(i) Oxidizing agent | | .
An oxidizing agentis the specie that oxidizes asubstance and itself gets reduced.
For example, KMnO, , K;Cr,0, , HNO; and cl,
concept, an oxidizing agent may be,
a) - The donor of oxygento a'substance.
b) Theacceptor of hydrogen from asubstance,
c) Theacceptorofanelectronfrom asubstance.

etc. Accofding to the classical

d) Similarly, the oxidation number of an oxidizing agent is decreased during
aredox reaction.
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Consider the reaction, i oxidized 5

Zn, + c'ilo") Zno,, +Cu,

v

. Oxidationnumberof Cuin CuOis +2 reduced

. Oxidationnumberof Cu(s)is=0 :

. There is decrease in oxidation number of Cu from +2 to 0. So, CuO is
oxidizing agent in the given reaction.

Consider another example,

Sn** + Cl,

Oxidation number of Cl,is zero,

Oxidation number of CI is-1.

There is a decrease in oxidation number of Cl, , from zero (0) to-1.50, Cl,isan
oxidizing agent in the given reaction.

sntt 420

v

(ii) Reducing Agent
A Reducing agent is the specie that reduces a stbstance and itself gets oxidized.

For example, H,S, SO,, Na, Al, and Mg etc. According to the c!assical concept, a

reducing agent may be,
a) Theacceptorof oxygenfromad substance.
b) Thedonorof hydrogentoa substance.

¢) Thedonorofanelectron to a substance. |
d) Similarly, the oxidation number of a reducing agent is increased during a

redox reaction.
Consi eaction
_ sider the followingr ? oxidized
P I':z Y -1 *0.
—» 2HBr + S
Blr2 +st A

; duced
Oxidation numberof SinH,S15-2 (e

Oxidation number of free S is zero-

There is an increase in oxidation number of S from -2 to zero. 5o, H,S is a reducing

agent.

#  NOT FOR SALE
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Table 7.1 Some examples of oxidising and reducing agents

Oxidising agents Reducing agents
Bromine (Br,) Carbon (C)
Chlorine (Cl;) Carbon monoxide (CO)
_Ecmcentrated sulfuric acid (H,SO,) Hydrogen (H.)
- — : = = U N
Nitricacid (HNO;) sl H}ft_i__rogen_sulﬂde (HzS)L‘(:},"’
Oxygen (0,) Metals i
Potassium permanganate ( KMnO;) ..;ROfQ'SSl'ﬂm:’"'ﬁdﬁm
| Potassium dichromate (K,Cr,0,) Sulphur dioxide (SO,)
Scientific Information | | N

© Ozoneis a very strong oxidizing agent and used i@\ﬁfacturing of decolorizing
agents or as oxidants of organic materials. ' ' =N

* When oxygen is used as an oxidizing agent @2;: temperature and pressure by
dissolving it in wastewater, the process is known as wet oxidation. It is considered

as an effective method of oxidizin anic materials and removal of toxic
compounds. ' ,‘é/ AT e el

7-4 Oxidation - Reduction Redctions

reactions.

CuSO4(aq) (+) Zn(y

— 7 ZnSO4(aq) + Cugs)
Theoverallionicequation is

~ decreasein oxidation stqte

I
Cu;:qJ + ﬁ (s)

0

0
24 Z +2

F@q)  + Cug
increasein oxidationstqte +2 :

The redox reactions are made up of two half réactions, for example consider, the
reaction o 0 _

2 Na + ’ 2 — 2 N at + 2 l =3
isreaction can be writtenin th ; :
Thisrea ; eformoftwe halfreactions as,
) o T AN Gz (Oxidation)
I, + 2e —»" 2}

(Reduction)

NOT FOR SALE
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Electrochemistry
In the 1 half reaction, loss of electrons takes place. This reaction is called an i
oxidation reaction. In the 2" half reaction, gain of electrons takes place. This

reactionis called areduction reaction. | (‘

—— loses—»- | E

et loses—
__The substance - = | The st
" to be oxidized — - :

A

test for L mpf =

examples /

Fig. ;7.2 Redox Reaction

7.5 Electrochemical Celf

A device in which interconversion of electrical and chemical energies take place is

called electrochemical cell. It is an energy device, in which either a chemical

ctric current ( such as electrolysis) or chemical

e e SRR LS =
st i 4 8

reactlons take place by using ele
reaction produces electriccurrent(suchasel
Electrochemical cells are of two types-

\(i) Electrolytic cell
N () Voltaic cells (also called galvamc cell) :

L]

ectric conductance).
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El‘cctrochemistry

7.5.1 Concept of Electrolytes

An electrolyte Is a substance in solution or in molten state, which dissociates or
ionizes into positive and negative lons and conducts electricity. For example,
NaCl, HCI, KCl, NaOH etc. A substance can be strong, weak or non-electrolyte
depending upon their degree of dissociation or onization.

(i) Strong Electrolytes

Strong electrolytes are those substances which dissociate or ionize completely in
aqueous solution or in molten state and conduct electric current to a larger

extent. Forexample, H,S0,, HNO; , NaCl, NaNO, etc

NGCI(ﬁq) S e Nﬂ*(aqj + Cl?aq)

WChea)  —————> . B .* Claq)

(i) Weak Electrolytes
Weak electrolytes are those substances whlfgﬁ dissociate or ionize slightly/
partially in aqueous solution or in molten state and conduct electricity to a very

small extent. For example, ammonium hydroxide (NH,0OH), Acetic acid
(CH;COOH), Benzoic acid (CsHsCOOH) etc.

NHOHwy =5="" NHpuy + OH{wg

CH3COOH (o) s=—= CHyCO0 (0 + H*(eq)

(iii) Non - electrolytes
Non - electrolytes are those substances which do not dissociate or ionize in
aqueous solution or in molten state, therefore do not conduct electricity. For
example, Benzene, Sugar, Urea, Glucose etc,
Electrodes

Electrodes are the conductors i.e. metallic plates,
electrons enters or leaves the electrolytes in q
electrodes, anode and cathode.

(a) Anode

The anode is the positive electrode at which the

anion gath the
electronin the electrolyticcell. Anions are the negatively ghar;:sdan:r:':g::s e.g
CI’, OH etc. | :

wires or rods, through which
cell. There are two types of
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Extensive
' current
flows

No
current
flows

Some
current
flows

(a) Noneelectrolyte (b) Weak electrolyte ( ¢) Strong electrolyte

Fig. 7.3 Types of Electrolyte
(b) Cathode

The cathode is the negative electrode at which cation gathers and gains the
electrons in the electrolytic cell.Cations are the positively charged particles. Na',

NH, etc

Sajsvititic Pnforwistion

+ Passing an electrical current through a substance may produce a
temporary change such as lighting up of an electrical bulb or a permanent

change like electroplating.
* Metals are good conductors of electricity. Gold and silver are the best

electrical conductors but because of their high cost value most of the
electrical wires are made of copper and aluminum.

752 ElectrolyticCells
Some oxidation-reduction reactions do not occur spontaneously but can be
driven by electrical energy. The process in which an electric current is used to

produce an oxidation-reduction reaction is electrolysis. When electrical energy is

required to produce a redox reaction and bring a chemical change in an

electrochemical cell, such a cell is called an electrolytic cell. We can also say that
itis a device in which non-spontaneous chemical reaction is carried out by passing

NOT FOR SALE
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electriccurrent. Examples of electrolytic cells are Downs cell, Nelson cell etc.
(1) Electrolysis

Electrolysis is defined as the process of chemical decomposition /break down of

an electrolyte (ionic compound) in fused /molten state or in solution by passing
theelectric current.

(ii) Construction of an electrolytic cell

An electrolytic cell consists of a solution of an electrolyte. Two met?"ic plates
called electrodes i.e. anode and cathode are dipped in the electrolytic solution,
The electrodes are connected to the terminals of the battery. The electrode which
is connected to the positive terminal of the battery is called anode and the

electrode which is connected to the negative terminal of the battery is called
cathode. |

Battery

Solution of Electrolyte
Fig. 7.4 Electrolytic ce||
(iii) Working of an electrolytic cell

electrodes. The anions liberate electrons q¢ anode
outer circuit to the cathode. The cations which su
those electrons. Hence, the number of electron

NOT FOR SALE
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number of electrons gained.

The battery can be thought of as an electron pump, simultaneously supplying i
electrons to the cathode and receiving electrons from the anode. The anion i
moves towards anode and discharge their electron(s) there and thus oxidation
takes place at anode. The cations move towards cathode and gain the electron(s) :
there and thus reduction takes place at cathode. For example, when electric

current passed from the fused sodium chloride (Nacl), the following reactions |
take place during the process. . ;

2NacClg) ———  2Na'g + 2Chp

Oxidation reaction at anode;

2C17) ——— (i
Reduction reaction at cathode:
2Na’*ny + 2e” —%  2Nay)

Overall reactiorn: \ 3
2Na*w + 2Chl) — 2Naw o+ Cb(g)

(iv) Methods of Recovering Metals from Its Ore
Electrolytic Purification of Metals (Refining of Copper)

Pure Copper is very good conductor of electricity and is used in ek:ctrical
instruments. Copper is purified by electro-refining. Large blocks of blistered
(impure) Copper are suspended as anode in the Copper Sulphate (Cu%O.,) and
Sulphuric acid (H,SO4) solution between thin sheets of pure Copper which act as
cathode. The operation is performed at 50°C and appzhed voltage of about 0.3
volts and optimum current density usedis160-400 A/m".

When the electric current is passed Copper dissolves from the impure Copper
anode to give Cu*?ions.

Reaction at anode (oxidation):
o (—S T O N

At the cathode. all the Cu*?ions from the solution are reduced to metallic copper
, o ’ ;
andget deposited at cathode. . 'i
1
Reaction at cathode (reduction) _ ;
E
|

Cu2eg +28 —> Cug)

NOT FOR SALE

Scanned with CamScanner



El'f.foTl‘Ochr:mfstn
As the electrolysis is continued, Copper from the anodes goes into solution, Tfﬂce;
of more active metals like Zn, Fe, etc are also dissolved. The less active metqls, for
example Au, Ag remain un-dissolved and settled at the bottom of the cell gs
“Anode Sludge”, which is processed to recover these precious metals, Th,
voltage and temperature conditions are such that only Copper is deposited at the
cathode. By electrolytic refining up to 99.99% pure copper is obtained.

- Impure copper
(Blister copper)

Pure copper

(Sludge/
anode mud) Cuso, + H,50,

(electrolyte)

Fig. 7.5: Refining of Copper

7-5.3 Galvanic Cells (Voltaic Cell)

If the redox reaction in an electrochemical céll

produces electrical energy, such a cell is cqlled Voltaic cell. tpe device, in which
. : € dev Ce,

chemical energy (from the reactions between the electrodes and the solution) s

converted into electrical energy, is known as th mple
of voltaic or galvanic cell is the Daniel ce|| qs sho::;';%r;icsceu. The best examp

Occurs spontaneously and
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Voltmeter +1.10V

_,Salt Bridge _ ' | .\
SO ~

IS

Fig. 7.6: Daniel cell

e A Y

Construction of a Daniel Cell

A galvanic cell consists of two separate containers, each container is called as
half- cell. In each half-cell, an electrode is dipped in 1M solution of its own salt. As
shown in figure 7.6. The right half -cell consists of zinc electrode dipped in 1M
solution of zinc sulphate(ZnSO, ). The left half-cell is a copper electrode dipped in i

1M solution of copper sulphate (CusSO,) and connected to a wire to an external |
circuit to which a galvanometer or voltmeter is attached. The solutions in
different containers are connected with bridge. This bridge is known as “Salt
Bridge”. A Salt Bridgeis U - shaped tube. This tube is filled with electrolyte gel,

such as K,SO, or Na;SO, solution and is called as the “agar”. The salt bridge inter-
tions in the anode container and the cathode container. A

=} "T: =

s =T

R Sy R e e T

connects the two solu
Salt Bridge performs three functions,

i. Itallows electrical contact between thetwo solutions. , |

i, It prevents the mixing of the two solutions.

iii. It keeps electrical neutralityin each half cell.

IP—
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Working of the cell
The Zn metal has tendency to lose electrons more readily than copper when the
circuit is completed, As a result, oxidation takes place at Zn electrode. The
electrons flow from Zn-electrode through the external circuit to copper
electrode. These electrons are gained by the copper ions of the solutlon at
cathode and deposited as copper atoms at the cathode.

Cell Reaction

The flow of electrons from one electrode to the other in the cell is due to the half
cell reaction-taking place in the anode and cathode compartments. The net -
chemical changes obtained by adding the two half cell reactlons are called the
cell reaction. Thus, we have half cell reactions i.e. oxidation and reduction
processes, going on two electrodes simultaneously. Electrons travel in external
circuit, while ions move through the salt bridge and in this way electric current is
produced. Thesereactions are as follows: '

(i) Half-cellreactionat anode.,(oxidat'iof;‘) |
g ——————> z"?(ai;) +2e

(ii) Half - cell reaction at cathode (Reduction)
cu+2(aq) R TE——————— 'CU(s)

Overall galvanic reaction (the sum of two half ~cel| reactions)

Zng)+ C"u(aq) AT -Z"ulaq)* Cugs)

The batteries which are used in automobiles, calculators, toys etc and to light the
bulbs work on the same principle.

NOT FORSALE @
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Table 7.2: Differences between an Electrolytic Cell and Galvanic Cell

SRR :
Electrochemical cell (Galvanic Cell)

Electrolytic cell

———
A Galvanic cell converts chemical
energy into electrical energy.

An electrolytic cell converts electrical
energy into chemical energy.

The redox reaction is spontaneous
and is responsible for the production

of electrical energy.

The redox reaction is non
spontaneous and electrical energy has
to be supplied to initiate the reaction.

The two half -cells are set up in
different containers, being connected
through the salt bridge or porous
partition. Salt bridge is required.

Both the electrodes are placed in a
same container in the solution of
molten electrolyte. Salt bridge is not
required.

The anode is negative and cathode is
the positive electrode.

The anode is positive and cathode is
the negative electrode.

The reaction at the anode is
oxidation and that at the cathode is

reduction.

The reaction at the anode is oxidation
and that at the cathode is reduction.

The electrons are supplied by the
species getting oxidized. They move
from anode to the cathode in the
external circuit.

The external battery supplies the
electrons. They enter through the
cathode and come out through the

anode.

Battery

A group or combination of galvanic cells
joined in series is called battery. Car batteries
consist of six or more identical voltaic cells
connected in series. A battery is a self-
contained, chemical power pack that can
Produce a fimited amount of electrical

€nergy, wherever it is needed. A battery
onverts chemicals energy into electrical Fig.7.7 : Many common batteries

€nergy, for specific period of time.

are simple voltaic dry cells

199 |

Scanned with CamScanner

NOT FOR SALE



’““‘l.ﬂ-\_ Py " 545

iy

Electrochemfstw

Dry cell:
The dry cell was prepared by LECLANCHE in1887.

Construction of the Cell:

The dry cell consists of metallic container. Its container is made up of Zinc (Zn),
This container acts as anode. This Zinc casing is consumed during the chemicg|
reaction. A graphite rod is placed in the center of the container. This graphite roq
acts as cathode. This container is filled with the mixture of Ammonium chloride
(NHCI), Manganese Dioxide (MnO,) and Carbon (C). This mixture is in the paste

form. The cell is water proofed with the wax. The voltage produced by the dry cell
is1.25V.

ReactionintheCell

Oxidation and reduction reactions occur in

the cell to produce the electric current. Anode’

(Zinc inner case)

Cathode
(Graphite rod)

Paste of Mn0,
(NH,CI and Carbon)

Reactionat Anode

The Zinc acts as Anode in the cell. The Zincis
oxidized by losing the two electrons.
Zn » ~In'?+2e

Fig. 7.8 Internal structure of dry cel
Reaction at Cathode

The graphite acts as Cathode in the cell. In the cell the NH ,Cl and MnO, are reduced

to Mn;0;and NH,.
2MnO, + 2NH¢" + 2€7 —> Mn,0; + 2NH; + H;0
2NH,CI b INHg +2€I
Overall reaction
Zn*é +2CI - —> Zncl,
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7.6 Electrochemical Industries

Electrochemical industries are based on many electrochemical operations. Some
of these areas follows. .

i. Electrochemical cells or batteries constructed with different electrodes
are available in the market, which are widely used to power toys,
flashlights, electronic calculators, pacemakers, radios, tape-recorders,
automobiles, etc. i

ii. Electroplating of metals is the deposition of one metal on other metal
electrolytically. This is done for the purpose of its durability, beauty or
repair.

iii. Electrolytic production of metals (e.g. Na) and electrolytic refining of
metals (e.g. Cu) are the popular methods for obtaining metals in their
pure form. '

iv. Many important chemicals are manufactured by electrochemical process,
e.g. NaOH.

7.6.1 Manufacture of Sodium Metal fromFused NaCl

Sodium metal was first discovered by an English Chemist, Sir Humphrey Davey in
1807, by the electrolysis of fused Sodium Hydroxide (NaOH). Now-a-day, the
electrolysis of fused compounds is used for the production of most of the metals.

Commercially Sodium metal is obtained from the electrolysis of molten Sodium
Chloride (Nacl) in the Down Cell.

Construction of the Down €ell
The down cell consists of steel container lined inside with firebricks. The anode is

made of Graphite at the center which emerges from the bottom, above which
f Chlorine gas. The cathode is circular and made

there is dome for the collection 0

of Copper orliron. The cathode and anode are separated by an iron screen, so that
the two products of electrolysis, namely sodium and Chlorine gas are kept apart
and are collected separately. The molten Sodium collects in the cathode

compartment where it rises to the top and is taped off via a pipe. On the other
hand, gaseous Chlorine, as by-product is collected, at anode and is collected from

the other pipe.
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Molten NaCl and Cagl.

_Molten Na

Cylindrical steel cathode
2Na'(l).4 2¢ —» 2Na(l)

Cathode | . lcon screen

Graphite anode
200 (1) —». Cl(g) + 2¢

Fig.7.9 Down Cell

Reaction in the Cell

The melting point of Sodium Chloride (Nacl) is 801°C. A mixture of one mole of
Nacl and three moles of Cacl, is added, which reduce the melting point of the
Sodium Chloride (NaCl) to 600°C. When the electric current is passed ions are
produced and the ions are free to move towards the oppositely charged
electrodes. The positively charged Na* ions move towards the cathode, picks
electron and are deposited as Sodium metal. ’

Molten NaCl.jonizes as
Fused Sodium Chloride contains Sodium and Chioride jons

2NaClgs) > 2NaYy +2(ry,

(i) Half cell reaction at Cathode ( Reductibn)

The Sodium ions receive one electron each, to Becom; Sodium metal atom*
Hence the sodiumion (Na') is reduced at the cathode,

2NG+(f) ¢ 2& ~ 2Nﬂw

NOT FORSALE [«

Scanned with CamScanner



Electrochemistry

(if) Half cell reaction at Anode (Oxidation)

The Chloride ions (CI') moves towards anode and give its electrons to the
electrode and fhange to neutral chlorine atom. Since chlorine atom cannot exist
independently in the atomic state, they combine to form chlorine molecules (Cl,).
Hence, at anode chlorine gas (Cl,) is liberated. -

2€I » 2Clg +2e”

Cleg) + Cleg) > Clyg

Overall reactionis the sum of these two half-cells reactions

2NaCl(rused) > 2Nag) +Clyy

Society, Technology and Science

Aluminum is the most abundant metal in the earth's crust (about 8.2% of the total
metals). It is never found in free state in nature. Aluminum is reactive and will react L
spontaneously with water and air to form aluminum oxide. Aluminum oxide, (Al;,03)

forms a stable passive layer. This layer is about 4 nm thick and will provide corrosion i
protection to aluminum as long as this oxide\iq}ér is present.

Aluminum is an amphoteric metal and | .an react with an acid as well as a base. The
protective layer of aluminum oxid Qm deteriorate in environments with high or low
PH.The oxide layer is only 5‘“"1&}.’9" pHrangeof7.0t09.0.

Fe,0; is the chemical fonnﬂl&}b/f Ferric Oxide. Ferric Oxide is one of the three main

oxides of iron. The o _"v‘; o types are Ferous Oxide (FeO) and iron Oxide (Fe;0,),

ite. When iron comes in contact with oxygen and water, it

which is also called Magnet
turns to Iron (rust). When iron corrodes the color changes and it actually
€Xpands. ' nding and color change can produce large red flakes that we all

more qufckly in the case of saltwater because it

. Rusting is formed
This might be one of the major

%odium which is more reactive to iron.
which a ship crew has to deal with. -~
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7:6.2 Manufacture of NaOH from Brine o !
A concentrated aqueous solution of Sodium chloride, NaCl ( Brl‘:’l;eg ’;S placed in q
special apparatus, known as Nelson cell for the manufacture of '

Nelson cell

It consists of U-shaped tube. This tube is made of steel. It is p"el'forated. This
perforated tube acts as cathode. A graphite anode is suspended in the U-shaped

tube. The cathode is coated with asbestos. The asbestos separates the anode
from cathode.

During the electrolysis, the Chlorine is produced at the anode. It is collected at the
Chlorine outlet. Hydrogen gas is produced at the cathode. It is collected at the
Hydrogen outlet. During this reaction Sodium hydroxide.is also produced. The
Sodium hydroxide is collected in the catch basin, placed under the U-shaped tube.
In this process, the Hydrogen, Chiorine and Sodium hydroxide is produced at the

" same time.
. Graphite Anode
NaCl=>"——\ =¥,
H, (- 3 === Cathode

Steel mesh

container
Saturated Nacl Porm?.s asbestos

solution (Brine) Ining
Steam

's Cell)
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The saturated brine solution ionized as follows:
Ny —b 2Na+(ag) + 2Cl (ag)
ZH:O(U < = H‘(dq) » OH_(aq)

when the electrodes are connected to the battery, the positive ions, Na" and H'
move towards the cathode. Since, H' have a greater tendency to pickup electrons

from the cathode as compared to Na', therefore H ions picks up electrons to form T

H, gas. Na_ ions are not reduced instead they combine with OH " ions, presentfrgz'ﬁ};"
the solution to form caustic soda (NaOH) which make the solution alkaline, wmh;
¢l ions move towards the anode where they give electrons to the electrode. . -

(i) Reaction at cathode: _ i \zg”\
2H’(aq) + 2€ ey . 2M () (Reductf‘op@\{“
H+H ——— H, L \<\\>
3NG* (aq) + 20Haq) ——> 2NaOH(aq) \y X

(ii) Reaction at anode: :;v ¢
2Cl Taq) e 2Clm:'&e- (Oxidation)
Clig + Cleg ————;;Mjhm

The overall reaction: /’Q«w} :

\V _
2NaClag) + 2H,00) % 2NaOH(aq) + Hagg) + Clag)

|Htcrc::(inc, Fact
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7.7 Corrosion and its Prevention P .
The meaning of corrosion to a number of people is rust. The wor R-ust IS more
is commonly defined as the

specifically used for iron, whereas corrosion Is ¢ .
deterioration of a substance (usually a metal) or lt:.i properties because of 4
reaction with its environment. The terms corrosion and rust are almost
synonymous. Corrosion is slow and continuous eating away of a metal by the
environment or surrounding. Corrosion usually starts at the exposed surface of
the metals. Corrosion is a naturally occurring spontaneous phgnomem‘m and it
drives the materials to its lowest possible energy states. It is an oxidation -
reduction process which takes place by the action of air in the presence of
moisture with the metals. The most common example of corrosion is the rusting
of iron.

Society, Technology and Science

Photographic processing or development is-a chemical process by which|
photographic film is treated, after exposure to light, to produce an image. Al |
photographic processes use a series of chemical reactions. Processes such ds |
the development stages, requires very close control of light, temperature,
shaking and time. <

The exposure of light on photographic plate initiated the chemical reaction.
The light exposed portion become dark, depending upon the amount or time of
exposure. That exposed plate is later on developed to show the image. Thefilm
is soaked in water to swell the gelatin layer on it and making it easy for the
action of chemical treatments. The developer (silver halide) converts the latent
image to macroscopic particles of metallic silver, A bath contains a dilute
solution of acetic acid or citric acid; stop the action of the developer. A rinsé
with clean water may be substituted. The fixer makes the image pe,:manent
and Jghi-resistant byidissclvin remaining silver halide. A co?nnfon fixer s
hypo, specifically ammonium thiosulphate, Washing in c-lean water removes

remaining fixer. Remaining fixer can co
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7.7.1 Rusting of Iron

The corrosion of iron is commonly known as rusting. The necessary condition for
rusting is moisture and air. There will be no rusting in water vaopurs free of air or

air free from water vapours. Iron rusts by combining with oxygenin the presence
of water to form brown hydrated mass, ferric oxide (Fe;03. xH;0).

e

0, N

Fig. 7.11 Ri;fstfng of Iron

(i) The chemistry of rusting '
Dents and stains are the site for the process of rusting. These smfs are called
anodic region and following oxidation reaction takes place on thesesites.

At anode

iFep\— 2Fe 'aq) +4€
This loss of Ieg:tfon damage the metals. These free electrons move in the metal
sheet, to a region of high concentration of oxygen (0,) and water near the
surface, These sites acts as cathode where electronsreact with water and oxygen

tqn)‘g/iih ydroxide ion.
At cathode
N\,

2H,0+0,+4e — 4OH
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8 +3 H
Fe*is furthers oxidized by atmospheric oxygen to form hydrated Fe*’ oxide ( rust)

Fe*}(aq) —>  Fe'aq + €
Fe*3(ag) + 30H {aq) > Fe(OH)ss)
Rust

The rust mass is soft and porous in nature and therefore cannot prevent further
atmosphericaction.

(ii) Prevention of Corrosion

Corrosion can be prevented by a number of methods depending on the
circumstances of the corroded metal. Corrosion prevention techniques are
generally classified into six groups. These techniques are following.

(a) Removal of Stains

The regions of stains in an iron act as the site for corrosion. When the surface of

iron is properly cleaned and stains are removed, it prevents the process of
rusting. \

(5) Paints and Coatings
Paints and other organic coatings are used to protect m

(c) Alloying

Alloying also helps to protect the corro
alloying is the stainless steel, which js
nickel. Stainless steel strongly resists ¢

sion of Metals. The best example of

a solid rpixture of iron, chromium and
he corrosion, The

devel new
alloys are constantly under production, _eve opment of
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(d) Metallic Coating or Plating

Metallic coatings or plating, can be applied to inhibit corrosion as well as provide
qesthetic and decorative finish. A thin coating of one metal on another can be
applied by spraying, galvanizing(deposition of Zinc (Zn) on the metal by dipping)
or electroplating, for example Iron articles are protected from rusting by Nickel
(Ni), Chromium (Cr) or tin(Sn) plating.

(e) Corrosion Inhibitors

Corrosion inhibitors are chemicals that react with the metal's surface or with the
environmental gases which cause corrosion. They interrupt the chemical reaction
that causes corrosion. These chemicals can be applied as a solution or as a
protective coating via dispersion techniques e.g. glycine, polyethylene etc.

(f) Cathodic Protection

Cathodic protection is a method usually used to protect iron in buried fuel tanks
and pipelines. An active metal, such as magnesium or zine, is connected by a wire
to the pipeline or tank to be protected (Figure 7.12). Itis because the magnesium
or zinc is a better reducing agent than iron, electrons are supplied by the |
magnesium or zinc rather than by the iron, keeping the iron from being oxidized. (
As oxidation occurs, the magnesium or zinc anode dissolves and so it must be

replaced periodically.

Ships' hulls are protected in a simila
the steel hull (Figure 7.12). In salt water t
oxidized instead of the steel hull (the cathode).

r way by attaching bars of titanium metal to
he titanium acts as the anode and is |

sea water
Heavy blocks of magnesium attached to

Bars of titanlum c i

8 an be fixed to a ship’s

hull to prevent the sh?;: E stzel bo‘::ly underground pipes made of iron to protect the pipes
rusting, fromrusting.

Fig. 7.12 Cathodic Protection
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7-7-2 Electroplating of Tin, Zinc and Chromium on Steel

An electrolytic process in which a thin layer of one metal is deposited on anothe,
metal surface. Metal ion is reduced by passing electricity and a solid metg s
deposited on a surface is called electroplating. In an frl‘Eth’O’Yth cell, the mety
which is to be deposited is made anode and cathode is made of metal on Which

deposition takes place. The electrolyte is an aqueous solution of a sqlt of the
respective metal whichis to be deposited on the metal.

The purpose of electroplating are following.

. Protection: To protect the inner metal from the atmospheric effect, that
from corrosion. From example, Ni and Cr are deposited over iron to
prevent it from corrosion.

i. Repalr: Toweld the broken parts of the machinery by depositing the metg|
onit.

Wi Decoration: To deposit the noble metals like gold and silver on an inferior
metals to enhance its beauty.

Procedureof electroplating

In electroplating, the metailic substance to be electroplated is cleaned with sand,
washed with caustic soda (NaOH) and at last, thoroughly washed with water.
This cleaned substance is made cathode. A sheet or rod of pure metal to be
deposited is made anode. Salt of that metal, which is to be deposited, is taken as
an electrolyte. This process is carried out in an electrolytic cell. The electrolytic
cell is made up of glass, cement or wood, in which the electrodes are immersed
These electrodes are connected with the terminals of the battery. When the
electric current is passed, the metal from anode
and these metallic ions are deposited on the cathode (object). As a result of th
discharge or deposition, a thin layer of metal

ror is deposited on the object. Th
cathode (object) is pulled out of the electr olytic cell, cleaned and dried.

Some examples of electroplating are givenbelow in detail.
(i) Electroplating of Tin

The target metal is cleaned with caustic sq dit: tred
remove the rust and oils /greases if any present oty
with water. The Electroplating of Tin is carrie bt
process, pure piece of Tin act as anode and js (i

NOT FORSALE (3

converted into ions in solution

ted with acids, in oF derht';
Then it is washed thoroug""
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(Na,Sn03-3H20) used as electrolytic solution. The cathode is the object to be
coated with Tin. When the electric current is passed through the cell, the ariode
starts dissolving and converted into Sn*? ions. These Sn*? ions move towards the
cathode. At cathode they discharged and deposited on the object. The chemical
reaction can be represented as,

At anode:

5n(s) > Sn*?(q +2€°
At cathode:

SN*’(aq) +2€" >  Sng

- Power pack +

Strip of Stripof

, iron tin
metal metal
Tin Tin
atoms chloride

- solution

Fig. 713 Electroplating of Tin

Society, Technology and Science

etal, also called fine silver. It is relatively soft, very
malleable. Silver atoms have weak interactions and are. loosely packed
together. silver tarnishes in air when it comes in contact with trace amf)unt of
H,S orks\é; in the air and turn blackish. Due to this reason_decorative and
pracg;;g; objects which are made of solid silver graflu.ally turn black and 'lose
their shining appearance. It is easily damaged so it i commonly combined
« With other metals to produce d more durable prodtllct. The most popular of
" thesealloys is sterling silver, which consists of 92.5% silver and7.5% copper.

=% e N e
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(ii) Electrqplatingofzinc

The target metal is cleaned and washed thoroughly with water. This opje., i
dipped in zinc sulphate (Znso,) containing a small amount of sulphuric acig
(H2504) solutions which act as an electrolyte. The object to be e'eCtrO.P’ated et
as cathode, while anode is made of zinc plate or rod. When the electric cyrre, is
Passed, zinc anode dissolve and converted into Zn*? ions. The electrons move t,

the cathode, where zn*2 ions discharged and deposited as Zn metal. The chemicq)
reaction canberepresented as,

At anode: Zngs)

= Zn+2{qq) +2¢e”

At cathode: Zn*¥eq +2e° —> Zn()

(iii) E:’ectroplatingofchromium

Reactions on electrodes gre givenbelow,
Atanode: Cry

4 3+ &
At cathode: cr (aq) +3€—0 o Crg)

¥ Society, Technology and Science

To preserve the food and taste
preservatives are usually o
etc, or their salts. If the fo
corrosive (reactive) Metal, these gcjgs will
cans and will destroy the fo '

. by reacting withiron orot

To deal with these pProblems, fooq

steel cans. Tin plating is no

preserves the taste of food ang -‘beVerﬁge-sq:d Prevents corrosion. It also

P hd pr €venting the reaction with
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Electrochemistry

« Electrochemistry is the branch of chemistry which deals with the
interconversion of electrical energy and chemical energy.

* The addition of oxygen to a substance and removal of hydrogen or

electron(s) from asubstanceis called oxidation.
= The removal of oxygen from a substance and addition of hydrogen or

electron(s) to asubstanceis called reduction. ‘
* Oxidation state is the apparent charges on an atom whether positive or

negative due to thelossor gain of electrons. Q

* An oxidizing agent is the specie that oxidizes a substance and itself gets

reduced.

* A Reducing agent is the specie that reduces a substance and itself gets

oxidized.

* Those chemical reactions in which the oxidation-reduction takes place

|
simultaneously are called oxidation - reduction or redox reactions i
|

* A device in which interconversion of electrical and chemical energies take

placeiscalled electrochemical cell.
e in solution or in molten state, which dissociates

* Anelectrolyte is a substanc
d conducts electricity.

orionizes into positive and nega tive ionsan
"  Non - electrolytes are those substances which do not dissociate or ionize in
aqueous solution orinmolten state, therefore, donot conduct electricity.

* The process of chemical decomposition of an electrolyte in fused (molten)
state or in solution by passing the electric currentis called electrolysis

@3 NOT FOR SALE
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Electrochemistry

Electrodes are conductors i.e. plates, wires or rods, through which qn
electrons enters or leaves the electrélytes in a cell. The positive electrodes
are called anode and the negative electrodes are called cathode.

If the oxidation and reduction reaction occurs spontaneously and produces
electrical energy inan electrochemical cell, the cell is called voltaic cell.

Down Cell is used for extraction of Sodium metal commercially, by
electrolysis of molten Sodium Chloride (Nacl)

Nelson cell is used for preparation of sodium hydroxide (caustic soda), by

electrolysis of concentrated aqueous solution of Sodium chloride, Nacl
(Brine).

Electroplating is depositing of one metal over the other by means of
electrolysis.

%/"

Corrosion is slow and continuous eating awuy of a metal by the environment
orsurrounding. -
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Electrochemistry

| Exercise %
¢ the correct option.
The oxidation number of nitrogen N, is;

choos

i.
d. +1 b' +3
c.0 d.-3
What is the oxidation number of C in CH;OH:
a.-2 b.-1
CAD i oes d. +1
i, Acationis:
a.neutral- b. negatively charged
c. positively charged  d. no charges
iv. Electrons arelost by the:
a. reducing agentas it undergoes oxidation
b. reducing agent as it undergoes reduction
c. oxidizing agent as it undergoes oxidation

d. oxidizing agent as it undergoes reduction
V. What is the oxidation numberdssigned to manganese in KMnO,:

a.+7 b. +3
C.+2 d’. +4

v In a particular redox reaction,
changed from -3 to 0. From this information,

phosphorus;

the oxidation number of phosphorus
it may be concluded that

a. Lost3 electrons and was reduced.

b:_ Lost 3 electrons and was oxidized.
C- Gained 3 electrons and was reduced:
* d.Gained 3 electrons and was oxidized.

Scanned with CamScanner
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vii,

viii.

Ele('trochemi“r)|
Which statement is true for an electrochemical cell:

a. Oxidation occurs at the anode only.
b. Reduction occurs at the anode only.
c Oxidation occurs at both the anode and cathode.

d. Reduction occurs at both the anode and cathode.

In which of the following does sulphur have an oxidation number of +7;
a.HSO, b. SO,

c. H,50, d. H,5,0,

What happens to the reducing agent in an oxidation-reduction reaction:
a Itis oxidized as it gains electrons.

b. Itis oxidized asit loses electrons

c. Itisreduced asit gains electrons.

d. Itisreduced asit loses electrons.

Inan electrochemical cell, eléctrons travel in which direction:

a. From the anode to the cathode through the external circuit

b From the anode to the cathode through the salt bridge

& From the cathode to the anode th rough the external circuit

d. Fromthe cathode to the anode through the salt bridge

SHORT QUESTIONS

Answer briefly the following questions,

(ii) What is the oxidation number of silver

(1) Indicate which elementisreduced in the following reactions:

a. Cags) +Bryg) i CdBr

g 0 oy P
b. HClI +2n —— Fhit L

on each side of the following
equation?

4Ag(s)+ 0,(8) —T€0 , 5 g o(s)

NOTFORSALE @
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(iif)
(iv)
v)
(vi)

(vi)

Why NaOH is astrong but NH,OH is weak electrolyte?
How to prevent corrosion? Enlist few of the methods.
Write chemical reactions that occur in Nelson's cell.

Write one example from daily life which involves the oxidation - reduction
reaction.

Assign oxidation numbers to each atom in the following compounds.

a. HI b.PBr; ¢. Caco; d.H3PO, “
e. As;03 f. H;504 : @
(viif) Why O, is necessary for rusting? {}:ﬁ)

(ix) Sketch the Daniel cell, labeling the cathode, anode and the direcﬂm of flow

of the electrons. »

(x) Writedownsome possible uses of an electrolyticcell.

I

.

LONG QUESTION )

a. What is electroplating? 28
b. Distinguish between the nature of ,tbe\a'node and cathode in such a
process. D

Differentiate between the procesﬁeébf oxidation and reduction. Write an
equation to illustrate each. >

a. What is corrosion? Explainrusting of ironasan example of corrosion.

b. Differentiate betwecnéféctrolytic cell and voltaic cell.

c. Discussthe methodﬂf recovering/extracting of metal formits ore.
Discuss the prepa\ration of Sodium Hydroxide (NaOH) from Brine along
with dfagram%md reactions at cathode and anode.

AN/

Project Work

@)  NOT FOR SALE
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Unitc »~§ Chemical Reactivity

After studying this unit, the s.tudenAté;gmbbe able to;

-
|

O

Show how cations and anions are related to the terms metals and non-
metals.

Explain why alkali metals are not found in the Free State in nature.

Identify elements as an alkalimetal or an alkaline earth metal.

Explain the differences in ionization energies of alkali and alkaline earth
metals.

Des;n‘be the position of sodium in Periodic Table, its simple properties and
uses.

Describe the position of calcium and magnesium in Periodic Table, their
simple properties and uses.

Differentiate between soft and hard metals (Ironand Sodium)
Describe the inertness of noble metals.

Identify the commercial value of Silver, Gold and Platinum.
Compile someimportant reactions of halogens.

Name some elements, which are found in uncombined state in nature.

™
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Chemical Reactivity

Introduction

The science of chemistry revolves around the chemical reactions. Chemical are
considered the soul of chemistry. When sodium metal is placed in air it catches
fire, when iron is placed in moist air, it rusts but when metals like gold and
platinum are placed in air they neither catches fire nor rusts. Why ? It is common
observation that some metals are found free in nature and some are found in the
combined state in the form of compounds, can you give the reason?

In previous grades, you have learnt about the fundamentals of metals and non-
metals. In this unit, you will learn in detail about the metals such as alkali and
alkaline earth metals and non-metals such as halogen e.g. Cl,, Br, etc.

8.1 Metals
Metals are those substances which are good conductor of heat and electricity.
They are malleable and ductile. Their oxides and hydroxides are bases. All of the

metals, except Mercury (Hg) exist insolid state at reom temperature. k

A metal is one which react with oxygen
and produce a basic oxide. When it is m
Inthe periodictable,

dlsscflve in water forrns an alkaline Group 1 = All are metals except
solution which turns red litmus paper blue. Hydrogen

Scientists redefined the metals on the | Group2=Allar emetals

basis of loss and gain of electron. A metal g" ‘;;'ﬁ 3 = All are metals except
o

is an element which loses an elef:tron and | Grou p 4 = Tin and Lead are
forms a cation. For example, sodium metal metals
loses an electron and form sodium cation | Group 5 = Antimony and

(Na*), etc. Metals are electropositive and | Bismuthare metals

so they have the tendency to lose Group 6 = All are Non-metals
Group 7 =All are Non-Metals

electrons. Th ion to this
definiti ’ . Suany exceptlo‘: drogen Group 8 =All are non-Metals
on'is the non-metal, Hydrog d- Block Elements = All are

Whichiis usually an electron donor. S
Lanthanides = All are metals

Actinides = All are metals

™) NOT FOR SALE
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Chemical Reactivity

The earth is said to be made up of about 8% aluminium, 5% iron, 4% calcium
and less than 4% of potassium, sodium and magnesium.

Characteristics of Metals and Non-Metals

8.1.1 Electropositive or Metallic Character

The tendency of an element to lose electrons and forms positive ions (cations) is
called electropositive or metallic character. A more electropositive element has
more metallic character.

Na

3 -

> Na + e
Ca = Ca™ + 2
Al > A 3e

The elements having lower ionization energies have higher tendency to lose
electrons, thus they are electropositive or metallic in their behaviour. The
elements having low values of ionization energies are metals. Alkali metals are
the most highly electropositive elements, whereas elements having high values

of ionization energies are non-metals. The border line elements behave as
metalloids.

Non-metais have the ability to accept electron(s) in their valen

ce shell to form
negatively charged particles called anions. -

Fo+ e 5 F-
Cies s O —— cr
0 +2e ST 0%

(i) Variation of Metallic Character across a Period
Metallic character decreases across a period from left toright. On the other hand,
non-metallic character increases with increase in atomic ny

. mber across a period:
For example, let us consider elements of second and thirdp

eriods.

NOT FOR SALE
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Chemical Reactivity
Meff'i ?ﬂﬁw Ngrimetals

‘Period2 | Li | Be c [NJo | F [Ne

‘period3 | Na | Mg | Al p | 5 | WerlEAr
e ————=1= == -
Metals Metalloid Non-metals

Inthe second period, lithium and beryllium are metals; boron is a metalloid while
carbon, nitrogen, oxygen, fluorine and neon are non-metals.

In the third period, sodium, magnesium and aluminum are metals; silicon.is a
metalloid while phosphorus, sulphur chlorine and argon are non-metals.

(ii) Variation of Metallic Character along a Group

On going along a group from top to bottom, the metallic character of elements
increases. In each group, the first element is least metallic while the last element
ismost metallic. For example, let us consider the elements of groups 4 and 5.

In group 4, the first element carbon is a non-metal; silicon and germanium are

metalloids while tin and lead are metals.
Ingroups, the first two elements, nitrogen and phosphorus, are non-metals while
arsenic and antimony are metalloids and bismuth is ametal.

Group IV Group V
J’ C N Sl
Non-metals Carbon Nitrogen
> Non-metals
P
Phosphorus
Metalloid <
J > Metalloid
Sn
Tin
Metals ¢ Bi
Pb L Metals
Lead Bismuth

NOT FOR SALE
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Chemical Reactiw’ty

Conductance:

Metals are good conductor of electricity while non-metals are insulator
except carbon in the form of graphite. In order to decide whether an element
is metallic or non-metallic, the electrolysis test is conducted. This test consists
of dissolving the element in an acid and running an electric current through
the solution. If the element is metallic, its atoms will become positively

charged and they will move towards the negative pole or cathode of the
electrolytic cell. For example,

Zn(s) + 2HCl@g) ———» znc'z(aq)*’ Ha(g) » .

ZnCly(aq) —> Zn™(ag).# 2Cl(aq)

8.1.2 Alkali Metals

The elements of the IA group except Hydrogen dreé called Alkali metals. Thename
alkali came from Arabic. It means “the Ashes”. These metals were first found in
the ashes of plants. '

Some chemist has the opinion that the word alkali is
these elements react with water and form the stro
include the elements Lithium (Li), Sodium (Na),
Cesium (Cs) and Francium (Fr).

given due to the fact that
ng Alkalies. Alkali metals
Potassium (K), Rubidium (Rb),

These metals have only one electron in theijr valence shell. Their valence sub-shell
is “s”. They are highly electropositive elements. The aikali metals lose their oné
electron and form mono-positive jons,
‘low. The electron thus removed is pro
form ionic compounds. Elements of gro

of group Vland group VII.

The ionization energy of alkali metals s
vided to an electronegative element; °
Up I'form ionic compounds with elements

NOT FORSALE (@
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Chemical Reactivity

Fig.8.1-Alkali Metals

Occurrence of Alkali Metéls

Alkali metals have low ionization energies. They are very reactive metals in
Nature, that is why they do not occur in the Free State. Lithium found f{l the- form
of complex minerals. It mostly occurs in the form of Spodumene, LiAl(SiO3), -
30dium and Potassium are abundantly (2.4%) found on the earth crust. Rubidfurf-n
nd Cesjum occurs in small amounts in the Potassium salts deposits. Francium is

"otfound in nature. It is prepared in the laboratory-

]  NOT FOR SALE
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Table 8.1 Reactivity of Alkali Metals

Chemical Reactivity

Order of reactivity: lithium <sodium< potassium

Reactions of alkali metals

R

Alkali

—_—

Redction with air - Reaction with water | Reaction with chlorine
(Oxygen)
Lithium Burns with red flame | Floats on water and reacts [Burns with a bright
) to give lithium oxide, | quickly to produce lithium > \ﬂiln'le to give a white
which is white solid | hydroxide and hydrogen gas. | solid of lithium
At.No=3 _ .. |chloride.
= NS
4Lic + Oxg)—p 2Li0gy | 2Lify) +2H,0p - 1@@ +Hyg) | 2Ligg+ Clyy —p 2LiCly
Sodium Burns with a bright Fioats on g{gp&r and reacts Burns with a bright
(Na) yellow flameto very gllfciify to produce flame to give a white
At.No=11 | produce white sodium | sodium hydroxide and solid of sodium
oxide | hydrogen gas. chloride.
4Na(s)+ Oi(g) —f}ﬂﬂﬂrs) 2Na(s + 2H,00) —p 2NaOH g Hyg | 2Nagy + Clyg) —p 2NaCly
Potassium | Burns violently vy:’th a | Floatson water and reacts Burns vigorously in
(K) little colored flameto | very violently (explodes) to chlorine with a bright
At. No =19 --P"Od”‘-:e Wh't? produce potassium hydroxide flame to give a white
| potassium oxide. and hydrogep gas. solid of potassium
\ chloride.

4K+ Oxtg)  — 2K:0p

2K(5) + 2H 0 '—DZKOH(“IJ +Hyg

Ky + Cly —» 2Kl
5 g e
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Chemical Reactivity

| Like other alkali metals, potassium reacts so strongly with water that, '
| Itmust be stored in kerosene oil to prevent it from reacting with moisture in the air. |

8.1.3 Alkaline Earth Metals

The elements of the group ilA are called Alkaline earth metals. The name of this
group is due to they produce the alkalies and are widely distributed in the earth
crust. The Alkaline earth metals have two electrons in their valance shells. Their
valence sub-shell is “s”. They are electropositive metals. They lose the two
Valence electrons and formM*?ions. Their jonization energies are low.

There are six alkaline earth metals, including Beryllium (Be), Magnesium (Mg),
Calcium (ca), Strontium (Sr), Barium (Ba) and Radium (Ra). They become stable e

Y attaining the electron configuration of noble gasses by losing their outermost ';‘
:Iectrons. These metals are often found in the form of sulphates in nature. ’
XMples include the minerals such as gypsum (calcium sulphate), epsom P
magnesiumsulphateJ andbarite(bariumsulphate). A :

@  NOT FOR SALE
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Occurrence of Alkaline Earth Metals

Alkaline earth metals have low ionization energies, so they are very reactive
metals. That is why they do not occur free in nature. Beryllium occurs in nature in
small amount in the form of Beryl. Magnesium and Calcium are very abundant in
the earth crust. Magnesium and Calcium are present with Sodium and Potassium
in rocks as cations. Magnesium halides are found in seawater. Magnesium is an
important constituent of Chlorophyll. Calcium is found in nature in the form of
Calcium 'phosphate and Calcium Fluoride. Calcium is the important constituent of

living organism. It occurs as skeletal materials in bones, teeth, egg shells, etc.
Radiumis arare element. Itis radio active in nature.

Difference between lonization Energies of AlkaliandAlkaline Earth Metals

The minimum energy required to remove the valence electron from the
outermost shell of gaseous atom to form the positive ion is called ionization

potential or ionization energy. lonization energy of an element is measured
experimentally in joules or kilojoules permole.

(a) lonization Energies of Alkalimetals

The elements of group |, except hydrogen are called alkali metals, and consist of
the elements Li, Na, K, Rb, Cs and Fr. They are most electropositive elements.
These metals have one electron in their outer most shell. The removal of this
valence electronisvery easy, which make it the most reactive metals.

Na - Na+ + 1€ ?E=496Kj.mole”’

In alkali metals, lithium is at the top of the group, has the highest jonization
energy due to smallest atomic size. It has only two electronic shells. The distanc€
between the nucleus and the valence shell is very small. So the removal ©

electron is very difficult and has higher ionization energy. Going down in th‘e
group, there is increase in atomic number, which result in the increase in atomi¢
radius. Hence, the distance between the nucleus and valence shell increases 44
to which the valence electron s less firmly held by the nucleus and the removad! of

electron becomes easier. Thus the ionization energies decreases down the grovP’
as shownintable 8.2.
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Chemical Reactivity

Table 8.2 lonization cngrgfes in kJ/mol ofGr'oup I ( Alkali Metals)

#Ele_—_r;l—e;ts Atomic Nurﬁber' Gl ?adius Ionization
- Energy (kJ/mol)
= : 3 1.55 520
e 1 186 496
i K ' 19 2.27 419
o Rb 37 2.48 403
Cs 230 2.65 376

(b) lonization Energies of Alkaline Earth Metals

The elements of group 1IA, are called alkaline earth metals. These are the second
most electropositive metals of all the elements (the alkali metals are the most
electropositive). The alkaline earth metals have two electrons:in their valence
shell, so they lose two electrons to form M" cations.

If the alkaline earth metals are compared to the alkali metals, many
dissimilarities are noticeable. The main difference:is the electron configuration,
which is nS? for alkaline earth metals and nS' for alkali metals. For the alkaline
earth metals, the nucleus also contains an additional positive charge. Also, the
elements of Group Il (alkaline earth metal) have much higher melting and boiling
points compared to those of Group I (alkali metals). The alkali metals are softer
andmore lighter weight than the alkaline earth metals.

The second valence electron is very important when it comes to comparing
chemical properties of the alkaline earth and the alkali metals. The second
valence electron is in the same “sublevel” as the first valence electron. This
Means that the elements of Group Il have a smaller atomic radius due to more
Nuclear attraction and much higher ionization energy than those of Group I. Even
though the Group 1A contains much higher ionization energy, they still form ionic

co - - -
Mpounds containing M* cations.
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Chemicql Reuctivity

Energy -1
Mg ———— Mg +1e¢  AE=737.7 kmol

To remove a second electron from the valence shell of an ion, more energy is
required because of increased nuclear force of attraction.

Mg*! —Em—» Mg*? +1e° AE=1450.7 kJ mol™
Beryllium, however, behaves differently. This is due to the fact thatitis at the top
of the group and has the highest ionization energy in the group due to the small

size.

Table 8.3 lonization energies in kJ/mol of Group II (Alkaline earth metals)

Atomic | Atomic | First lom’;ﬁ? Second lonization
Elements | Number | Radius | Energy Jjmol) | Energy (kJ/mol)
A M) @+e M'g—Mgre
Be 4 1.12 ‘ 899 1757.1
N -
Mg 12 1.%?/ 738 1450.7
Ca 20 1.97 590 1145
I\ - _—-—'—'-'-_..‘
Sr ;\%\ 2.15 549 1064.2
'-... ____-_--_-’-F-
Ba 56 2.24 503 965.1

Table 8.3, shows that the ionization potential values decreases down the grov m
each case. The atomic number increases down the group with the addition of one
more shell for each period due to which atomic size increases. As a result o

distance between nucleus and the valence electrons increases and thus a € 41
decrease in ionization energies of elements oceur.

A comparison of ionization energies of group | and group I! elements show that
the lower ionization energy valyes of group I elements make the fon formatl.ﬂf'
easier in these elements and thus alkalj metals

cti
are comparatively more ¢’
thanthegroupll.
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moving from alkali metals ;o alkaline earth metals (in a period) the melting and
and hardness is increased. However, a decreasing trend

reducing power and atomicradifis occurred.

Chemical Reactivity

poiling points, densities
in electropositivity, conductivity,

e and

sodium
Sodium
readily combines with other e
sodium chloride, sodium bromide a

does not occur as a free metal in nature because it is too reactiv
lements and compounds. It is found in the sea as
nd sodium iodide. It is also found in deposits

asrocksalt.

Fig.8.2 Sodium metal

Note: When freshly cut, alkali metals shows a shiny and silvery surface that

rapidly tarnishes in air.

d its symbol is

odictable
asithasthree

g‘;)d izosition of sodium in the peri ; .

o belongs to alkali metals. Sodium atom; number is ‘11 a1

Nect. toccupies first position in 3" period and3 position in group |
ctronic shells and only one electron in the valenceshell.

=) NOT FORSALE
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Table 8.4 Physical properties of sodium :
S.No | Characteristic Property
1. | Appearance Silvery white solid L
2. | Softness Soft metal, can be cut with knife
3. | Density 0.971 8/cm’? ~
4. | Melting point 97.6°C ey
5. | Boiling point 880°C Oy
6. | Tensile strength Has relatively low tensile strength
7. . | Lightness Lighter than water, it floats on the
surface of water ,
8. | Malleable and ductile | Malleable and ductile
9. | Conductivity Good conductor of heat and electricity

(b) Chemical properties of sodium

Sodium is very reactive alkali metal. It is g strong?féducing agent. Some of its
simplereactions are given below. O

aAY

i. Reaction with hydrogen D)

Sodiumreacts with hydrogen toform sodium hydrides.
2 Nags) + Hyg)

75— 2NaH
it. Reaction with oxygen ;

Sodium reacts with oxygen to form basic oxide (Na,0), which on reactio"
with water forms alkali (NaOH). This s a characteristic reaction for

metals, thag(s:} y the elements in thijs group are called alkalimetals.
2 Na(s)+ 05)

2Na,0(
Na;0) + H,0( 2NaOH
(aq)
iff, “Reaction with Water
s
g:::::: r;:r.:.-ir_lcbts with water vigorously, liberating hydrogen. Ther eadm;:els
cbecay .

e seof the heqt Produced, the liberated hydrogen ¢

2N a(sj + ZH

r ]
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vi.

Chemical Reactivity

Due to the high reactivity of sodium it is kept in kerosene oil or liquid
paraffin to avoid its contact with air (oxygen and water).

Reaction with halogens

Sodiumreacts with halogens to form sodium halide.

2 Na(s) + Clyg) > 2NaClgs)

2 Nags) + Bryg) » 2 NaBrs)

Reaction with sufphur _
Sodium reacts with sulphur to form sodmm sulphide.

2 Nags) + S¢s) » Na,S¢)

Reaction as reducing agent

‘Sodium is a powerful reducing agent. It reduces most of the oxides and

halides.

2 Nags) + MgOgs) Na,Os) +Mg(s)

v

4Nacly + Tigs)

v

4Na(s_] -~ ch,.;{s)

(c) Uses of sodium

Some of the uses of sodium are following.

It is used in the preparation of important compounds such as sodium
carbonate(Na,C0;), sodium bicarbonate(NaHCO;), Sodium hydroxide
(NaOH), sodamide(NaNH,) etc.

Itis used in sodium vapour lamps (which give a bright orange - yellow light)
for street lighting:.

Itis used as coolant in nuclear reactors.

Itisused inthe purification of petroleum, in order to remove sulphur from it.

This process is called desulphurization.

Itis used as reducing agent to preparé metals such as Tltanium, ercomum
etc. from their chloride and oxides.

Itforms alloys with other metals. It’s most useful alloy is with mercury called

—
.

ii,

Vi,

sodium amalgam and with siiver metal.

S
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Chemical Reactivity
Magnesium .
Magnesium is the member of alkaline earth metals. It occurs in nature only i
combined state, as Dolomite (Cacoi.MgC03), Kieserite (MgSOy), Epsor.n salt
(MgS04.7H;0), in many silicates including talc and asbesf:os. Magnesium is
present in sea water as chlorides and bromides. It is responsrble.for permanent
hardness of water. It is also an essential constituent of chlorophyllin green plants,
(a) Position of Magnesiumin the periodic table :
Magnesium atomic number is 12 and its symbol is “Mg”. It occupies .second
position in 3" period and 2™ position in group lIA as it has three electronic shells
and two electronsin the valence shell.

Table 8.5 Physical properties of Magnesium

S
S. No | Characteristic Property
1. Appearance Silvery grey solid
) Density 1.74 8 cm’
3 Melting point | 651°€C
4. Boiling point 1106°C e, o
5. Malleable and ductile | Malleable and ductile L i Rl
6. Conductivity | Good conductor of heat and egf_t[i_cﬂ,
Calcium

Calcium is too reactiveto occur as free metal in nature. it occurs abundantly inthe
combined state in‘minerals such as calcium carbonate (CaCO;), in lime stone,
marble, chalk and as calcium sulphate (CaSO4) in gypsum etc.

Marble
Fig.8.3 Calcium forms

NOT FORSALE [
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Chemical Reactivity

(a) position of calcium in the periodic table

Calcium atomic number is 20 and its symbol is “Ca”. It occupies second position in
4" Pe”'Od and 3" position in group Il, as it has four electronic shells and two
electronsin the valenceshell.

Table 8.6 Physical properties of calcium

S.No | Characteristic Property

1. Appearance Silvery white solid

2 Density 1.55 g/cm’-

3. Melting point 851°C

4. Boiling point 1487°C .

s Malleable and ductile | Malleable and ductile

6. Conductivity Good conductor of heat and electricity

(b) Chemical properties of magnesium and Calcium
i Magnesium and calcium combines directly with hydrogen forming

hydrides.
Heating :
Mges) + H,_(g) —» MgHz(s)
Cats) +Hag > CaHa(s)

i, Both magnesiumand calcium burns in air, magnesium burns with dazzling
flame forming magnesium oxide (M g0), commonly known as magnesia,
while calcium forms calcium oxide (Ca0), with a characteristic brick red
color flame.

Mooty 0 2MgO0s)

2Mg(s) +O,(g)

Heating _5 2Ca0s)

2Cagy) +0,g)

) NOT FOR SALE

Scanned with CamScanner




"'\--v.-
Lhel

When these oxides, magnesium oxide (Mg0) and calcium oxide (Ca0)
aredissolved in water, they form basic solutions.

v

2Mg0) + H20() 2Mg(OH.)2(aq)

2Ca0;) + H:O0

v

2€a(OH) (ag)

ii. Magnesium and calcium reacts with nitrogen (N_) forming their respective

nitrides.
Heating
3 Mgy +Na(g) > Mg;Nys)
Heating “;“
3 Cag) + Nyg) —> CasNas) O
. (X
iv. Magnesium and calcium reacts with acids Hber\gt{i;g hydrogen gas.
Mgis) + 2HCl(oq) —> I
?Etgc 2(s) + Hag)
&
Mgis) + H:504(aq)

<\/V’ MgS04¢) + Hyg)

N7
Cag) +2Hd(aq) /\\‘} — Cadz(“u 2 H?.(g')

Cags) + stom?‘;’“f’ 2

~ —» CaSo > Mot
O 19 *+ R
v. Magnesium and calci s .
halident) clum reacts with halogen to form their respective
” \: /
Mg(s) +Chg) — g s
2(s)
Mg(s) + Bryg) .
2 Mgsr 2(s)
ca(s] + c‘2(g)
—
a0y
Cai) + Brzw —_— i
' T(s)
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(c) Uses of Magnesium and Calcium

(i) Uses of Magnesium

some of the uses of Magnesium are following.

i Magnesium is low density metal, so it is used in formation of light but
tough alloys, such as Duralumin (a mixture of Al, Cu, Mg and Mn) and
magnalium (a mixture of Al, Mg). These alloys are used for construction of
aircrafts, cars and moving parts of machines.

i. Itis also used in photographic flashlight powder, flames and fireworks.

if. Itis used as deoxidant in metallurgy and in the extraction of Titanium and
Uranium.

iv. Its compounds such as magnesium oxide (MgO) are mixed with clay, to
make refractory bricks for furnace lining.

2 Magnesium sulphate (MgSO,) is used in textile, paper industry, soap
formation and pharmaceutical industries etc.

(ii) Uses of Calcium

Some of the uses of Calcium are following. {
. Calcium is used as a deoxidant in steel castings and copper alloys.
i It is used in the making of calcium fluoride and calcium hydride and in the

extraction of uranium.

iii.  Their compounds such as lime (Ca0) is added to soil as fertilizer to
decrease its acidity. It is also used for water softening, pollution control
and in pulp, paper, sugar and glass manufacturing industries.

. Itisusedin steel making.

8.1.4 Soft and Hard Metals
Elements of group I, group II, transition metals, lanthanides and actinides all are
Metals. But thereiis much difference in the properties of these rne'tals. The :.mtals
Presentin group | and Il are soft, very reactive, having low ionization energies and
very electropositive are known as soft metals. Metals like copper, silver, iron etc
are less reactive, having high ionization energies, less electropositive are kn?v:avn
% hard metals/noble metals. Their melting points, boiling points and densities
OW much higher values. A comparison of properties of sodium (soft metal) and
*on(hard metal) representative is given below intable8.7.

) NOT FOR SALE
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Table 8.7 Comparison of properties Sodium (Na) and lr?rl (Fe)

Sodium (Na)

Sodium is an alkali metal, with atomic
number 11,

One electron in its outer most shell

and is very soft and can be cut with
knife.

Weak attractive force between the
atoms of sodium.

The melting point of sodium is 97.6°C.
Boling point of sodium is 880°C.
Low density 0.927g/cm3

Lighter and floats on the surface of
water.

Low tensile strength, cannot be used
where stress is required.

_Iron (Fe)

Iron is a transition metal, with atomic
number 26.

Hard and requires great energy to
break.

Strong attractive force between the
atoms of iron.

Melting point of iron is 1538°C.
Boling point of iron is 2862°C.
Higher density 7.874g/cm’

Heavy .and settles at the bottom of
water, .

High tensile strength can be used in
construction of building and bridges.

j

It is also used to prepare steel.

Less reactive than sodium.

Very reactive, stored in kerq;;ege‘ oil.

8.1.5 Inertnessof NobleMetals

Group | and group H metals are fairly reactive because of their low ionization
potential but the transition metals have q tendency of low reactivity. Their low
reactivity is due to their high ionization energies. |

Noble metals are those metals, which resist oxidation and corrosion in moist air
(unlike most base metals). Chemically noble metals are Ruthenium (Ru), rhodium
(Rh);palladium (Pd), silver (Ag), osmium (0s) iridiumm (ir), platinum (Pt) and gold
(Au). Some chemists include mercury (Hg), rhenium (Re) and copper (Cu) as noble
metals. These metals arerelatively inert and found freein nature.

The noble metals are valuable because of their ine
crust and their usefulness in areas like metall

ornamentation (jewellery, art, etc.).

rtness, rarity in the Earth's
urgy, high technology and
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Noble metals

Commercial value of Silver (Ag), Platinum (Pt) and Gold (Au)
Those metals which are expensive and have great commercial and economic
values are precious metals. In Nobel metals particularly Silver (Ag), platinum (Pt)

andgold (Au) are considered as precious metals.
(i) Silver(Ag)

Silver is a soft, white metal that usuall
anative element, b) as a primary const
with other metals, and d) as a minorcons
Silver is known as a precious metal bec
value, It is valuable because it has a num

the best possible metal for many different uses- _
Puresilver js very soft. Itis usually mixed with copper toforman alloy for making

ommercial articles. This alloy is used to make coins, jfewellery and ;absh'e[war?‘
Silver chloride combined with silver bromide is used in photography. Silver Is
drawn into sheets and wires. It has higher electrical and thermal conductance
INdreflectivity than any other metal.

:) Platinum (Pt)

Phe Name platinum comes from the Spanis
s, tinum is the 72™ most common elementin Earth

nexpensive metal.

y occurs in natureinone of four forms, a) as
ituent in silver mineral,c) asa natural alloy
tituent in the ores of other metals.

ause it is rare and has a high economic
ber of physical properties that make it

h word platina meaning little silver.
_th's crust. That is why, platinum
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Platinum is heavy, soft, malleable, ductile (easy to draw intcf v.vires) and hgs g
fairly high melting point (1770°C). It is noble metal because it js un-reactive, |4
does not even react with oxygen in air andit is resistant to react with acids,

Platinum is used in the catalytic converters to remove pollutan

exhaust gases. But as an expensive metal, so other metals suc
areused inits place.

The ease with which platinum can be shaped, its strength, colour, hardness and
inertness makes it suitable for jewellery and gem setting. Un-reactivity glso

makes it useful in dentaql fillings, making surgical tools, coating and apparatys for
scientific laboratories, Apart from that, platinum is also used in the electricql
industry, in lasers and in makin

g photographic materials.
(i) Gold (Au)

ts from car engine
h as palladiym ete

jewellery for thousands of
attractive colour, inertness,
hammered into sheets or cast

years. Special properties of gold li

ke very high luster,
tarnish resistivity, ability to be d

rawn into wires,

silver and piatinum increase its
gold. Gold coins were commonly
€dme a more common form of
e e OP or laptop compuyters, The rapid and accurate
transmission of digital infermation from One component to another requires an
efficient and reliable conductor. Gold meets th

z €sere Uireme han an
other metal. The importance of high quality gn q nts better than any

d reliable iustifies
the high cost. Gold alloys are yseq for dentq] Performance justif
orthodontic appliances. Gol

dis used d fl'"ings, tooth crowns and
'n dentistry : i d
non-allergic and easy for the dentist to wory. Y because jt js chemically inert,
8.2 Non-Metals

A non-metal is one which
acidic. When dissolve in
paperred.

¢ -y
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scientists redefined the non-metals on the basis of loss and gain of electron. A
non-metal is an element which gains an electron and forms an anion.For example
chlorine, @ non-metal gains an electron and form chloride ion (CI"). Non-metals
areelectronegative andso they have the tendency to gain electron(s).

Cl, +2e¢ _—

society, Technology and Science ———— .
Anoble metal is a rare element of high durability and economic value. The best B

known noble metals are gold and silver. Although both have industrial uses,
but they are better known for their uses in art, jewellery and coinage. Other
precious metals include the platinum group metals: Rhenium, Rhodium,
Palladium, Osmium, Iridium and Platinum, of which Platinum are the most
widely traded. Plutonium and Uranium may also be considered precious
metals. Chemically, the noble metals are less reactive than most of other |

metals.
Historically, metals such as Copper, Silver and Gold have been used for coins

and jewellery. These metals have high luster and malleability. Copper is
common coinage metal. Coins are usually made from Cu- Nialloy.

* Thenon-metals fncludcij}drogen of group |, boron of group Ill, carbon and
silicon of group Ithé\i‘i“trogen and phosphorus of group V, all members of
group VI, VIl and VIII, which make a total of 27. Most are gases, (Argon,
chlorine, fluor \’e, hydrogen, helium, krypton, neon, nitrogen, oxygen,
radon még?mcm). One is liquid (bromine) and few are solids (e.g. carbon,

St phorous, selenium, siliconand sulphur). :
Three Is merq.:ry (Hg), J;A.P 38.87°C, Galium (Ga) M.P. 29.76 C and

@ﬂn M.P. 28.4°C occur in liquid form. Only one non-metal, Bromine (Br)
-7.2°Coccursin the liquid state.

e
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Table 8.8 Comparison of metals and non-metals

Metals

Non-metals S

—

1. They are electron donor during
chemical reactions. They are
reducing agents.

They are electron acceptors during
chemical reactions. They are oxidizing
agents.

2. They become positively charged
ion in solutions.

They become negatively charge&i—or
in solutions.

3. Some metals can replace hydrogen
from acids to form salts.

Non-metals cannot rqptqce Hydrogen
from acids. \~

’AQ ot
)

b

4. They form basic oxide. The soluble
basic oxides form alkalis when they
dissolve in water.

They form mainly acidic oxides which
dissolve in water to form acids.

5. They form electrovalent (ionic)
chlorides.

They @'ﬁ/ covalent chlorides.
N

6. They do not combine easily with
Hydrogen. Few hydrides formed
are electrovalent.

They combine easily with Hydrogen to
form many stable covalent hydrides.

7. Usually solids at room N
temperature (except Hg)é';

Often gases (except Br(l), S(s), P(s),
I(s), C(s), B(s) and Si(s).

8. Good conductor of heat and
electricity.

Poor conductors of heat and

electricity (except graphite)

8.2.1 Electronegative Character

All non-metaliic elements have the ability to gain electrons from other elements

and hence are electronegative in nature.

ativity is a measure of a"

atom's ability to attract the shared pair of electrons of a covalent bond to itself.

In short, we can say that the elements placed on the right corner of the periodic
table will be the most electronegative elements, which are nonmetals. At thé
right corner of the periodic table is the group Vil , which is the most

electronegative in the non-metals.
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8.2.2 Halogens

Group V1l elements are collectively called halogens. Halogen family consists of
ive elements fluorine (F), chlorine (ClI), bromine (Br), iodine (1) and astatine (At).
The word thalogen' is derived from Greek word means ‘salt-forming’. Halogens
are found in the environment only in the form of ions or compounds, because of
their high reactivity. They do not exist in the elemental form in nature. AL

N7 M
\.J/“,
7

Halogens are nonmetals. At room temperature, fluorine and chlorine are gases,
bromineis a liquid, iodine and astatine are solids. Halogens are very reactive, the O
reactivity decreases from fluorine to astatine. Fluorine is the most
electronegative element. Astatine is radioactive with short half-lives.

N

Halogens Reactivity

The electronic configuration of group VII (Halogens) is nS2nP®. They need one
electron to complete their octet, by gaining it from less electronegative atom. By
gaining electron they form anions, commonly known as halideions.

X, + 2€ —> 22X

WhereX is halide ion. Forexample, chloride ionisformed asfollows,

Cl, +2¢€ — 2CF

Fig.8.5 Different halogens

NOT FOR SALE
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(a) Physical Properties of Halogens

The group of halogens is the only group in periodic table which contains eleme, ts
in all three states of matter at standard temperature and pressure. They are poor

conductors of heat and electricity. Some of the characteristics Properties of
halogens aregiven in table8.q.

Table 8.9 Characteristics Properties of Halogens

Name and Symbol | Fluorine Chlorine | Bromine lodine Astatine
(F) @) _(8r) (1) (a9 |
Atomic No. 9 17 35 53 85
eteblatyg B9, | .
Electronic 15257 2p5 | [Ne]3s? 3p8 [Ar]3d | [Kr]gd® 55t 5ps [Xe]4f** 5d 652
arrangement 45 4p5 . 6p°
Physical state pale greenish dark black solid and black solid
yellow gas reddish | when heated it '
gas liquid forms q purple
- ya VGEOI."'
Melting point(°C) -219.6 -101.5 ¢ 72 113.7 : o018
= e | .
Boiling point ( 0) -188.2 -34.04 58.8 184.3 336.8
rN" "‘"———-—-—._.__'\—_________ <
Atomic radius 71 99
 (pm) - N\ 2 2
Density (8/dm’) | 0.0017 | 5,00 32 [ o
= Mt 7 4.933 .
LP (kj-mol"") N 1140 W 89040
$ -_-"'—'—-——.__
E.A (kj.mol-") (330 | 349 -324.6 ~295.2 =
Electronegatfvlty. Vv 4.0 3.0 T\”"‘“—:F—o—'——
A ————-J———\___J______’_______ b5 2.2
e e
(b) Chemical Reactivity of Halogens
Halogens are strongly electroneggt:
i €gative eleme
Negativeions, when reqct with strongly elect ts. They haye the tendency to form
Ctropositiye met
Halogens are very reactive elements, existing jn dj i
covalent bond between their atoms, They rega ¢ ‘_'tornlc state, They form single
non-metals and other COmpounds, © with h rogen, oxygen, metals,
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Chemical Reactivity.
{ j vith Hydrogen
i, Reaction with Hydroge;

Halogen reacts with hydrogen to form the respective hydrides. Fluorine reacts
violently, chlorine reacts in the presence of sunlight, bromine reacts on heating,
andiodinereactsreversibly with hydrogen.

HF differs from other hydrogen halide as it is liquid at room temperature due to
strong hydrogen bonding. These hydrides act as a strong reducing agents.

Hygy * Fig > 2HF()
’ Sunlight

Hig + Gy —>  2HClg)
\

Hyg + === iy

il. Reaction with Oxygen _
Fluorine reacts with oxygen to form fluorine monoxide and dioxide, while _otl.ter .
halogens form oxides like, Dichlorine heptoxide ( cl,0,), tribromine tetraoxide |

(Br,0,) and lodine pentoxide (1,0,). -

Oyg)+ 2F3g) » 20Fyg)

Oug +  Fag 7.0

&

ili. Reaction with Metals

Halogens reacts with metals to form the corresponding ionic ha
character decreases down the group.

lides. The ionic

—> CUBrz(SJ

Cu) +  Bhyp
& 2Kl)

2Kis) 3™ Ls)

" Reactien With Non-metals

:ak,"rg.?ﬂs react with non-metals forming
d:cqﬁ?ﬂe, with phosphorus form tri and penta-
Feases from fluorine to iodine.

respective covalent halides, for
halides. The reactivity of reaction

NOT FOR SALE
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Chemical Reactivity
2P) +  3Clyy) ——> 2PCl3(aq)
2P(s) + 3Br2(') ————————=% 2PBlyey)
2P + 5Chg ———> 2PClgag)

2P +  5Bryg) ———> 2PBry()

v. Reaction with other Compounds

Halogens oxidize certain compounds and itself reduced during the reaction.

H2S(aq) + Clyg) — 2H @y "+ Sgs)
2NH3aq)+ 3Chg ———> 6HCUEg + Niyg)

r Y v
Chlorinereacts with lime water, Ca(OH)g,‘;o form bleaching powder.

Cﬂ(OH)z(aq)'!' C'zcg) T T CﬂOClz(dq} +H20m

Thus they act as an oxidizing.agent but oxidation power decreases down the
group withincreasing size of the halogens.
vi. Displacement rje&ction

A more reactive halogen will displace a less reactive halogen from its halide
solution. Thereactivity of halogen decreases down the group.

Orderofreactivity  F>Cl>Br> 1> As.

2NaBr(aq) + Cla(g) — 2NaClag) + Bry)
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Describe and explain what will happen when bromine water is added to pottasium

| iodide solution.

——n.

Br,. +2KI > g *

3(aq) (oq)

: Infer the identity of an element.
(1) Element found in period 3.

(1) Will displace iodine from sodium iodide.
(lii)  Greenish gas, whichis denser than air.
(lv)  Usedinswimming poolto kill germs.

Elements of group | (except hydrogen) group ll, group il (except boron)
three elements from each of IV and V, lanthanide, actinide and d-block /
transition elements are all metals.

« Metals are electropositive in nature.

Non-metals are electronegativein nature.

Elements of group | (excepth ydrogen) are called alkali metals, elements
of group Il are called alkaline earth metals.

Alkali metals are highly electropositive elements.

Alkali metals arevery reactive, foundin combined state.

Elements of group Vil arecalled halogens.

Halogens are highly electronegative elements.

= Halogensareveryreactive, found in combined state.

Sodiumis soft andironis hard metal.
«_ " Noble metals are Ruthenium, rhodium, palladium, silver, osmium, iridium,

platinum, gold, mercury, rhenium and copper.
= Silver, platinumand goldare precious metals.

NOT FOR SALE

Scanned with CamScanner



Chemical H(_’(’?C[{w‘ty

| Exercise \

Choose the correct option,

i. Bromine is a non-metal in:

a. Solidstate b. Liquid state

C. Gaseousstate d. Plasma state
i Halogens react with metals to form:

a. Halides b. Oxides

C. Halogensulphides . Hydrogenated compounds
fii. Alkalimetals are: :

X
a. Oxidisingagents  p, Dehydrating agents
¢ Reducingagents 4. Allthe above

iv. Among the alkali metals, the mata\l with the highest ionization potential

a. Na b. " Li
< Rb d. Cs
v.  Thehalogen presentinthe solid formjs:
d. Chlorine X b. Fluorjne
c. lodine d.  Bromine

vi. ‘rendencyofametdtobsedecb-mkcalled;

a. Electronegativity Electropositlvity
¢.Electroplating d. Electrolysis
vil. Theword Alkali means:
a. Base R T salt
¢. Acid d. Ashes
Viii. The oxide of calcium Ca0 is:
a. Acidic b. Basic
¢. Amphoteric d.

Neutrq|
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ix. Which one of the following is not an alkali metal:
a. Francium b. Cesium
¢. Rubidium d. Radium
x.Group Il elements are named as Alkaline Earth Metals because:

Chemical Reactivity

a. Theiroxides are basic

b. Theiroxide and hydroxides are water soluble
c¢. Bothaand b ’

d. Theyarefoundinearth

SHORT QUESTIONS ,;]

Answer briefly the following questions.
i. Identify at least two groups which contain only metallic elements.
ii. Write down the reaction of group -l metals with oxygen, with balance
equations.
jii. State the physical properties of metals.
iv. How does sodium act as reducing agent and write down its reactions also.

nergy of alkaline earth metals is higher than alkali metals,

v. lonization e
why? :
vi. Puregoldis not used forornaments, why?

vii. What are the uses of magnesium? +
viii. Write down the reaction of chlorine with sodium hydroxide with

balance equation.
ix. How does ionization energies values varyingroup?

x. What happens during displacement reaction in halogens?

g
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LONG QUESTIONS

i.  Compare and contrasts the properties of alkali and alkaline earth metals,
with reactions.

Il. a.Differentiate between hard and soft metals.

b. Give thereaction of magnesium with,
()H, (i)HCl  (iii))0, (iv) H,0 (v)Cl,

l. Discuss the reasons why some elements exist as free elements in nature

while other occurs in combined states as compounds. Give two examples
of each type.

IV. Define metal and non-metal and compare the prq;é‘érties (both physical
and chemical) of metals and non-metals. (N

V. Halogens are very reactive elements, write d ”\\ghalogen’s reactions with
hydrogen, oxygen, metals, non-metals and other compounds.

Project Work
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GLOSSARY

Absolute A temperature, measured on the Kelvin scale that must be used

temperature for gas law and certain other types of calculations.

Alcohol An organic compound with the - OH functional group e.g.
CH;0H.

Alkali Metals Metals in group IA of the periodic table e.g. Li, Na, K, Rb, Cs,
and Fr.

Allotrope One of two or more forms of an uncombined element; for |
example, diamond and graphite are allotropes of carbon.

Alpha Particle A helium nucleus generated in a nuclear reaction; a stream of
such particles is referred to as an alpha ray.

Analytical The branch of chemistry dealing with the composition of

Chemistry samples.

Angular Molecule | A three-atom molecule in which the atoms do not lie on a line
e.g. H,O molecule.

Anion A negatively charged ion.

Anode The electrode where oxidation occurs in an electrochemical
reaction.

Aqueous Solution | Any solution in which water is the solvent.

Atmosphere The envelope of air surrounding the Earth.

Atmospheric The pressure of the atmosphere. A unit equal to 760 torr and

Pressure abbreviated as atm that is the pressure of the atmosphere on a
“normal” day at sea level.

Atom The smallest particle that retains the characteristic
‘composition of an element.

Atomic Mass The weighted average of the masses of the naturally occurring
isotopes of an element, compared with one twelfth of the mass
of a *C atom.

Atomic Mass Unit | A mass equal to one twelfth of the mass of a “C atom;

) abbreviated as amu.
1-Atomic Number The number of protons in the nucleus of each atom of an
=y element.

@
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Atomic Size The size of an atom.

Avogadro’s 6.022 x10%, is the number of C-12 atoms in exactly 12 g of C-12,
Number

Battery A combination of two or more galvanic cells.

Binary Compound | A compound composed of two elements e.g. NaCl.

Biochemistry

The branch of chemistry dealing with living things.

Bohr theory The first theory of the atom to propose that electrons in atoms
were in definite energy levels. & |

Boiling Point The temperature at which a liquid changes to a gas at the
prevailing pressure.

Boyle’s Law At constant temperature, the volume of a given sample of gas
is inversely proportional to its pressure.

Catalyst A substance that affects the speed of a chemical reaction
without any permanent change in its own composition.

Cathode The electrode where reduction occurs in an electrochemical
reaction. ‘ .

Cation A positively charged ion.

Cell An e!eCtro_ch'emical dppdratus in which an oxidation half-
reaction occurs at the anode and at the same time a reduction
half-reaction occurs at the cathode resulting in (1) a chemical
reaction creating electricity (voltaic cell), or (2) electricity
creating a chemical reaction (electrolytic cell).

Charge: A quantity of electricity, measureq in coulombs or faradays.

Charles’ Law. At constant Pressure, the voluyme of a given sample of gas?
directly Proportional to jts absolute tempefature.

Chemical Change: | A chemical reaction. Irreversipje change B

-

Chemical Property :

A property related

substance. ® changes in the composition of a

Chemical Reaction'

A change in _'whlch the ¢
more substances s changed.

Chemistry’

The study of the

interaction o
changes that matt
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A chemical .C;mbl;la-tgn- of_ ;,— e
ements that h
composition and its own set of properties. as a definite

The quantity of solute per unit-
nit ‘'volume
mass of solvent. of solution or per unit

A change of phase from gaseous to liquid or solid.

condensation
covalent Bond A bond resulting from electron sharing
,_,..----""""___-_.__. 3 i
Crystalline Solid A solid with a regular internal structure of repeating units and
a definite melting point.
B
palton’s Atomic The theory that rfwtter is made up of small particles (atoms)
Theory that have properties which are characteristic of an element.
Daniel cell A cell with zinc and copper electrodes.
Definite The given ratio by mass of each element in a compound to any
composition other element in the compound.
Density The mass per unit volume of a sample of matter.
Diatomic Molecule | A molecule containing two atoms e.g. Hx.
Direct The relationship in which one variable changes by the same
Proportionality factor as another.
Dissociation Separation of ions from their close proximity in a solid lattice
to a distance when dissolved in a solvent.
Dissolve To go into solution, making a homogeneous mixture.
Double Bond The sharing of two pairs of electrons between two atoms.
= __.__.____.—'—'_'_
Electrochemistry | The branch of chemistry de:aling with the interaction of
i chemical reactions and electricity.
Flectrode Electrodes are the conductors i.e. metallic plates, wlrels or r?ds;
through which electrons enters or leaves the electrolytes in
o, cell. ///
S : ctric
Bmw Production of a chemical reaction by means of an ele
-\\\‘ current. //
: roduce
N ytic Cell An apparatus in which electric energy can be used £0.P
chemical reactions.
\—__ ///

e

S pi i
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Electron A negatively charged subatomic fundamental particle of an |
atom revolves around nucleus in orbit. .

Electron Affinity The energy liberated when a gaseous atom acquires an
electron to form a gaseous anion. |

Electron Sharing The sharing of electrons between atoms to form covalent

bonds.

Electronegativity

The tendency of an atom to attract electron pair in the
formation of a covalent compound. :

——

Electronic The arrangement of the electrons in an atom, ion or molecule.

Configuration

Element A substance that cannot be broken down into simpler
substances by chemical means, one of the basic building blocks
of which all matter is composed..

Family In the periodic table, a column that includes elements with
similar chemical properties. Also known as periodic group.

Formula

A combination of symbols and subscripts that identifies the
composition of an element, compound or ion.

Formula Mass

The relative mass of one formula unit compared to the mass of
a C atom, which is defined as exactly 12 amu.

Formula Weight

Some of masses of all the atoms present in one formula unit.

Freezing

Changing from a liquid to a solid state,

Galvanic Cell

A voltaic cell.

Gas A state of matter; a substance thqt attain the volume and
shape of its container.

Group In the periodic table, a column that includes elements with
similar chemical Properties; a family,

Halogen An element of periodic group VIIA: F, cl, Br, I and At.

Heterogeneous A physical combination of substance i i ishable

s h ishable

por e aving .drstingu

Homogeneous A physical combination of substances whose parts a;;;

Mixture distinguishable, even with the i ;

| solution. R riciascops
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A compound that has water molecules bonded in it.

Hydrate
Hydrogen Bonding | The intermolecular force resuiting from the attraction of a
hydrogen atom on one molecule to a small and highly
electronegative atom (F, O, or N) on another molecule (or the
same molecule).
Inorganic The branch of chemistry dealing with compounds other than
Chemistry those containing C - C or C - H bonds or both.
.l Intermolecular An attraction between molecules. ~
" Force ) N
Inverse A relationship in which one variable gets smaller by the same

Proportionality

factor as another gets larger or vice versa.

lon A charged atom or group of atoms.

lonic Bond The attractive force between oppositely charged ions.

lonic Size The size of an ion.

lonic Solid A solid consisting of ions.

lonization Reaction of a substance with solvent to produce ions, as, for

example, the reaction of a strong acid with water.

Kelvin Scale

The temperature scale with 273 K as the freezing point of water
and 373 K as the boiling point of water; the scale required for
gas law and certain other scientific calculations.

A generalized statement that summarizes a collection of

Law
observations.
Linear Molecule A molecule whose atoms all lie on a line like CO, molecule.
Liquid A state of matter; a sample of matter that has a definite
volume but assumes the shape of its container.
Lone Pair An unshared pair of electrons on a bonded atom.
Malleable Able to be hammered or pressed into shape without breaking
or cracking
Mass Number The sum of the number of protons and the number of neutrons
CF in an atom: the distinguishing difference among isotopes of a
N iven element.
.QE@S___ g
Matter Anything that has mass and occupies space.
B
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Melting

—

A change of phase from solid to liquid by heating.

Metal An element on the left side of the periodic table. An electron
donors specie. -

Metallic Solid A solid consisting of atoms of one or more elemental metals,

Mixture A physical combination of substances having properties of its
components e.g. air.

Molar The unit of molarity; abbreviated M.

Molar Mass The mass in grams of 1 mol of a substance.

Molarity A measure of concentration defined as the number of moles of
solute per liter of solution; its symbol is M.

Mole The chemical unit of quantity for any substance; equal to 6.02 x
103 particles (atoms, molecules ar formula units) of the
substance; abbreviated as mol.

Molecular Formula | The formula of a molecular substance that gives the ratio of
atoms of each element in a substance molecule.

Molecular Mass The relative mass of a molecule of a substance compared to the
mass of a C-12 atom.

Molecular Shape The spatial arrangement of the atoms in a molecule.

Molecular Weight | Molecular mass of all the elements present in the molecule.

Monatomic lon

An ion consisting of one atom only.

Neutron A subatomic particle that has no charge and a mass slightly
: greater than 1 amu. Present in the nucleus along proton.

Noble Gas *| An element of periodic group zero: He, Ne, Ar, Kr, Xe and Rn.

Noblegas - Electronic configurations like that of a noble gas, with 8

Configuration - electrons (or 2 for very light elements) in the outermost shell.

Non Electrolyte A compound that is not ionized at all, even in aqueous solution.

Nonmetal fﬁrogen or any element on the right hand side of the periodic
: able.

Nucleus The center of an atom, consisting of the protons and neutrons.

Octet A set of 8 electrons in the outermost shell of an atom or ion.

Octet Rule .

Atoms or ions with an octet are stable.
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—arbit As described by Bohr, the circular path for electrons in an atom
around nucleus having specific energy value.

Orbital A part of a sub-shell of an atom.

Outermost Shell The highest shell that contains electrons. Also known as
valence shell.

Oxidation An increase in oxidation number.

Oxidation Number | A number assigned to an element in chemical combination
which represents the number of electrons lost (or gained, if the
number is negative), by an atom of that element in the
compound.

Oxidation- A reaction in which the oxidation number of one element is

Reduction Reaction | raised and the oxidation number of another element (or the
same element) is lowered.

Oxidation State The oxidation number.

Oxidizing Agent A species that can increase the oxidation number of another
reactant.

Partial Pressure The pressure of one gas in a mixture of gases.

Percent Parts per hundred parts.

Percent by Mass One hundred percent times the ratio of the mass of an element
in a compound divided by the mass of the compound.

Period The seven horizontal rows of the periodic table.

Periodic Table The arrangement of elements in order of their increasing
atomic number, with elements having similar chemical
properties together in vertical columns.

Phase A state of matter: solid, liquid or gas.

Phase Change A transition from one to another of the three states of matter,
for-example, from gas to liquid.

Physical Change A process in which no change in composition occurs. Reversible
change.

Physical Chemistry | The branch of chemistry dealing with the properties of
substances. '

Polar Bond A covalent bond in which there is unequal sharing of electrons.

Palar Molecule A molecule that has a permanent dipole.

Polyatomic lon An ion composed of two or more atoms.
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Pressure - Force divided by area.
Property A characteristic of a substance.
Proton A subatomic particle with a mass slightly greater than 1 amy

and a charge of +1 allocated in the nucleus.

Pure Substance

An element or compound.

Reactant Any substance that undergoes a chemical reac:‘.ion and thus
appears on the left-hand side of a chemical equation.
Reactive Having a high tendency to undergo chemical reaction.

Redox Reaction

An abbreviation for oxidation reduction reaction.

Reducing Agent A species that reduces the oxidation number of another
reactant.

Reduction The decrease in oxidation number, addition of hydrogen or
electron. &

Salt Bridge A son‘uﬁpn of an inert electrdlffe that connects two half-cells in
order to complete the circuit in a voltaic cell,

Saturated Solution | Solution which cannot dissolyve further amount of solute at a
particular temperature is called saturated solution at that
temperature,

Single Bond A covalent bond formed by a single pair of shared electrons.

Solid A state of matter; q substance th o
oY at has definite shape and

Solubility The concentratim\__‘

Saturate i
temperature. d solution at a il

Solute The component o >

componeit g sol{- ed tS:alutlon that is dissolved in another

_ _ . nt. Itis always in less amount
Solution A homogeneous mixtyre.
Solvent The component of
a soluti z

always in larger amount, ", that does the s oing. itils

Standard A basis for com = |
f Parison, such gs the mass of C -12,

Standard A er =1
Atmosphere ¢
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Standard State The normal state for a substance at 1 atm and the temperature
involved; for example, the standard state for oxygen at 25°C is
gaseous 0, molecules. ;

State A phase in which matter exists: solid, liquid or gas.

Strong Electrolyte | A compound that is fully ionized in aqueous solution e.g. NaOH.

subatomic Particle | A proton, neutron, electron, deuteron, positron, alpha particle,
etc. _

Sub-shell The portion of a shell characterized by the same principal
quantum number and the same angular momentum quantum

L number.

Supersaturated A solution which contains more amount of solute than the

Solution amount required to saturate it at a particular temperature is
called supersaturated solution.

Symbol A one or two letter representation of an element.

Temperature The intensity of heat in a body.

Tetrahedral A molecule with bonded atoms oriented toward the corners of

Molecule a tetrahedron (a solid object with four sides, all of which are
identical equilateral triangles).

Theory A generally accepted explanation for a law (or series of
observations).

Torr A unit of pressure equal to 1 mm of Hg.

Trigonal Planar A molecule with atoms oriented toward the corners of an

molecule equilateral triangle, with the central atom in the same plane.

Trigonal Pyramidal A molecule with atoms oriented toward the corners of an
Molecule equilateral triangle, with the central atom out of that plane.
Triple Bond A covalent bond consisting of three pairs of electrons shared
between two atoms.
O T et
Tritium The isotope *H.
Unit ~ | A standard division of measure having a certain value; for
) example, the meter is the primary metric unit of length.

3 ‘Unsatumted A Solution which can dissolve further amount of solute at a

Solution particular temperature is called unsaturated solution.

=)
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Unshared Pair

A pair of electrons in a molecule or ion that is not shared
between atoms.

Valence Electron An electron in or from the outermost electron-containing shell
of an uncombined atom.

Valence Shell The outermost shell containing electrons in fln uncombirfed
atom, or that same shell even when the atom is combined ina
compound.

Vapour Pressure The pressure of the vapor in equilibrium with its liquid (or
solid).

Vaporization A phase change from liquid to gas (vapour).

Voltage Electric potential.

Voltaic Cell ‘An apparatus that provides a combination of half reactions
that can produce an electric current.

Volume The extent of space occupled\f'ﬁifa sample of matter.

Weak Electrolyte

A compound that is only.sifgﬁtly ionized in aqueous solution.
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