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Identify and provide examples of different branches of chemistry.

“paloinm

Chemistry

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

Differentiate between branches of chemistry. :
[ pib petesgnnplierapdasubiiine. o 0 1 o~ B A
: ﬁgﬁ@iﬂm,ﬂaﬁe&w ions; formula units and free radicals. B EAVA

Egﬁ_némmﬁc number, atomic mass and atomic mass unit.
Differentiate among elements, compounds and mixtures.
Define relative atomic mass based on C-12 scale. |
Differentiate between empirical and molecular formula.

Distinguish between atoms and ions.

~ Differentiate between molecules and molecular ions.

Distinguish between ion and free radical.

 Classify the chemical species from given examples,

 Identify the representative particles of elements and compounds.
Relate gram atomic mass, gram molecular mass and gram formula mass to
mole. | g

Describe how Avogadro's number is related to a mole of any substance.
Distinguish among the terms gram atomic mass, gram molecular mass and
gram formula mass.

Change atomic mass, molecular mass and formula mass into gram atomic
mass, gram molecular mass and gram formula mass.
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Fundamentals of Chemistry

Introduction

Modern world in which we live is the world of 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. Chemistry has a wide applications and
serving the humanity and nature. '

The development of chemistry has provided us a lot of facilitiesin 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 conceptsof chamistry. '

=
==

Muslim Period 600 - 1600 AD

The science of chemistry grew and flourished in early civilization of the world.
The Egyptians, the Greeks, the Romans and the Muslims contributed much to
the science of chemistry. The Muslims made a rich contribution to the
~ knowledge in chemistry. They spread like shining stars on the horizon of the
world of science. They made effective and invaluable services in the field of

. chemistry. This period of Muslims is almost 1000 years long (600 -1 600AD),
The principal goals of the Muslim chemists were, | |
1. tofind out methods to prolong life,
2. “looking for ways to change base metals (such as Lead) into Gold,
3. to find physical evidences to support religint.is and philosophical
beliefs. ‘

Though they failed in doing so but they laid the foundation of the laboratory

©
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Fundamentals of Chemistry

methaods. These methods are still used in the modern 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.q. 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. Muslimscienﬁsts presented chemistry as purely “experimental or

practical science”. Some well known Muslim scientists and their
achievements are mentioned here.

i) JabberIbn Haiyan (721-803 A.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 imge'ng_egffgxgérimen‘tai methods such las’
distillation , sublimation, filtration, extraction of
metals etc. He prepared Hydrochloric acid
Nitricacid and white lead. '

- I
¥ wr o
=

Jabber Ibn Haiyan

ii) Muhammad Ibn—e-Zakaryia Al-Razi (864-930)
Al —Razi was a physician, chemist and a
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 .
- €ompounds into four types and also divides the |
substances into living and non-living oridin. He B
prepared alcchol by fermentation. '
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iii) 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
densities of different substances.

“{v) Ibne-Sina (980 - 1037 A.D)

-

Ibne - sina is ;;eneraily known as the Aristotle of
the Muslim's world, He is famous for his
contributions in the fields of Medicine,
Mathematjcs, Astronomy, Medicinal chemistry
and Philosophy. He is the first scientist who
rejected the idea, that base metals can be
converted into Gold. Hewrote more than hu ndred
books. These books were taught in the Europe for
- centuries.

lbne - Sina

Chemistry
Chemistry is a branch of physical science; it includes the study of materials

and substances of the world in which we live. Chemistry deals with the
campnsitiﬁn, structure and properties of matter, the changes occurring in
matter and the laws 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 chemistry, it is
- divided into different branches.
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_ Fundamentals of Chemistry
Physical Chemistry | (In;unrial Chemistry
Concerned Deals with the study of
techniques and chemical
processes for the preparation
of different industrial products
e.g. cement, glass, fertilizers
—Nuclear Chemistry

physical properties of -
substances along with the
chemical changes in the.

ca, e
hydrocarbons and their
derivatives, |

volf A

(a) A chemist mostly use which branch of chemistry to determine the amount of
animpurity in drinking water?

(b) A chemist in which branch of chemistry determines the composition of |
substance and determine their masses?

(€)A chemist develops a medicine to help patients with thyroid problems. In which
branch of chemistry is this chemistworking?
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‘/ . | Fundamentals of Chemistry
1.2 Basic Definitions -

All the things present around us, in the universe, are made up of matter.

Matter is defined as anything that has mass and occupies space. The quantity

of matter in an object is its mass. We can see that almost everything in the

universe is made up of matter because they have masses and occupy

solumes. A few examples of matter are the food we éat, the water we drink

and the air we breathe. Man himself is matter. A piece of matter in pure form

ic called substance. Pure water is an example of substance, regardless of its

sources, have exactly the same composition and properties. All materials
may be classified into pure substances (elements, compounds) and impure

substances (mixtures). :

Matter

' N'U F Does it have . | Yes
constant properties E

l and compaosition? l-

[ Miture | [Pure substance |, ||
NO | 1 it uniform 1 Yes No Canrtb‘ekymphﬁad V-YES"‘- :

| throughout? | | chemically? -
0 | ! 7

iy g e T o S 5
) =2 p L

]

o (SRR N i ol et e e = _ _ S — s ==
In 1924, de Broglie put forward the theory of dual nature of matt e
matter has both the properties of particles as well as waves. He explainec
not remain detached from each other. By mathematical evidences, he |
proved that every moving object is attached with waves and
‘has particle nature as well. It formulated a basis to understand particie

nature of matter. g R e
.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,

NOT FOR SALE
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Fundamentals of Chemistry

Gold is an element and it can never be converted into any other simpler
substance by an ordinary physical or chemical reaction. 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 prepared in the laboratory.

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. 7’he shortest name of an element is called symboifln 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 lm»af names.and symba!s of someimportant elements s given inthe
table 1. jle=— 1 -

-

Table 1.1:Names and d Symbols of Some Common Elements

S No, Narne nfelement - Symbol ;[
I I RN
JE e Carbon £ eS8
BE: ~ Fluorine Byt s o e
T Hydrc:gen : . H_H__w.ﬂ].
5 S S A B
T e e
=57 1 Sulphur ; S S |
8 Aluminam SrTRENE
(s o G e
e Magnesium - Mg

&
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Fundamentals of Chemistry

Some element’s symbol starts with their Latin or Greek language name. A list
of names and symbols are given intable 1.2.

Table 1.2 Elements whose m.mmmmmm

'S.No. Name of the element |  Symbol

1. Antimony Stibium Sh |

2 Copper ~ Cuprum S b N e

3 Gold © Aurum Au |

4 Iron . T ipsuim b o P

5. Lead Plumbum Pb r |
6 Mercury ;_ ‘ Hymmm 'Hﬁg-: pals ;,
7 Potassium Kalium K |

8. Silwe; ' ' Argent"ur;ﬁ Ag 3 3 1'

5 Sodium Natrium |

iL%_E..ﬁH Y i =i | mu '\JW

1 11 Tungsten A wolfram ' W

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

.
=

'~Elementsare the bmtclmg bfuclcsof aﬂ the sﬁbstam;ﬂs that make up alr living and
non-living things. A careful observation of the physu:al waorld reveals that matter
usually occurs as mixtures. Mast of the components of these mixtures are

elements and compounds that exist as molecules. Air, allny clay, petroleum, coal, |
rm:k earth etc. are mixtures of numeraus compounds. Living things contain |

" thousands of different substances such as carbohydrates, proteins, fats, fipids,

//\HNA. RNA etc. Ali these substances es are maiacutarmmtufe < |
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Scientific Information

Gallium symbol Ga, atomic number is 31
and atomic mass is 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.

(iiJE/ﬂCnmpaunds
Compound is a pure substance consist of two or more different types of
elements chemically combined together in a fixed ratio by mas;!ln 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: Forexample water (H,0) is a compound. It is made
up of two elements hydrogen and oxygen. The ratio of hydrogen atoms to

Iron (D CKlor de
A0 00 Y131, FICITHE S

fr 1 L Tk _I-E;--:.
5 i'ﬂ?ﬂ:-_ M | ii! .,_-_ .*1
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oxygen atom in water is always 2:1. Changing this ratio will give a different
compound. For example, adding one more oxygen atom gives a ratio of 2:2
and the resulting compound will be hydrogen peroxide (H,G,) .

t_Formula of Compound
A compound is always represented by a chemical formulafA formula shows
the symbols of the elements of which compound i made and their
combining ratio to each other

Water  Hydrogen p'ernxi.de

‘1 '_“i-'

Ratio of Hydrogen Atoms to Ratio of Hydragen Atoms to Oxygen
Oxygen Atorn in water 211 Atoms in Hydrogen Pemxide- 2:2

Fig:..1.2 Compounds of H/0 and H.Of * g
Tie 15 Some common mm;wunﬂs mﬁ‘ chemical mel and for lﬂie

———

I'I-I' - B -._'!-I - v Tl .-_H'I i

PR - gk SRR LS 5 TR 1 i B o _ - = —"' M e -: L = il .
:-]L}?:_.IJ. I:"-hj1"=:.n-:s.l_' i S BIERR I N _-_:_:'Il-_ I_ i i L = L | = 'ﬁ- o R el N .
e T e R e .'::tu o

qﬂd:um btcarbunate | qNaHCO;.

Ca0o

lee/ chk lee Calt:lum oxide
u—

=L -
' = "‘
i .."‘h 5 L - r [ iE EL_ i ﬂ i Fll [ Ff] x
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Fundamentals of Chemistry
(iii) 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.

ijtﬁre of atoms and Mixture of Mixture of elemental and

Mixture of atoms moiecules campound molecules

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 exam ple, when sugar
is dissolved in water, it forms a mixture which is sweet in taste. The
sweetness is due to the presence of sugar in water. A widely used exarﬁple
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 B
which has uniform composition
throughout its mass. For example, 2

Table salt (NaCl) dissolved in water
(solution). - '

~ NOT FOR SALE
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Fundamentals of Chemistry

(i) 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 etc. .

Fig: 1.5 Hetefogenous mixtufe

EXAMPLE 1.1:

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
mixtureis a solution?

water and sugar _
Solution '

The sugar forms a homogeneous 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 (even with a microscope).

=}F| "‘-" -‘._1
- _|‘

2

s
-
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combination of arem .. | Itisformed by the physical combinatio
 elomaneiion of atoms of the | on mixing up of the substances,

lisThe constituents Tose their
_originalproperties. |

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

The components of the mixture can be
separatedby physical methods.

vi. Compound has homogenous

Mixture may be homogenous or
composition.

heterogeneous in composition.

71-—__
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Fundamentals of Chemistry

mixing with each other form a mixture and can be

Iron (Fe) and sulphur (5) by
retain its properties in this

separated with magnet. As Iron and sulphur
mixture. -

Iron can be separated from sulphur using magnet

sulphur (S) is strongly heated, it reactwith each other and
hide (FeS). It cannot be

When Iron (Fe) and
lose their properties and form a compound, iron sulp

separated with magnet.

Strongly heating Iron (Fe) and Sulphur (S). Iron sulphide, FeS dark hlack solid, not attrﬁ_ucted

5 chemical reaction ocCurs, 4 rompound
iron sulphide (FeS), formed.

by magnet

-3 g: 1.6 Iron (Fe) and Sulphur (5) mixture and compound Iron sulphide (FeS)

'I.,. j = o
o . |
(14

- . . . ."'..
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Electron
iﬁ\ - Neutron

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.

2 Bk Atomlc Number and Mass Number
() Atomic Number (2)

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
ame number of protons. As the atom is electrically neutral, so they have the
same number of electrons, as the number of prutnnsLThe number of
~heutrons 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 afnumber af protons in their nucleus, this number of protons is
called the atomic number. It is represented by the symbol Z. *

Atomic Number (Z)=Number of proton(s) or Number of electron(s) in an atom.

. The atomic number of an element is /he number of protons present in the

nucleus of one atom of that element.

1ydrogen, carbon and oxygen contain one, six and eight prntﬁns in their
nucleu5 respectively, Thus, the atomic number of hydrogen, carbon and
oxygen are one, sm and Elghl' respectively.

Tahle 1 5 Some elments with their atomic number

 S.No. Element mmr m

o Hydrogﬂﬂ (HJ T
. -

4 Sedium(Na) o«

iz Chlnriﬁ;é{d) _ 17

‘E NOT FOR SALE
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Fundamentals of Chemistry

(ii) Mass Number (A)

- WMlass number s also called nucleon numherﬁAs proton and neutron are
latively heavier particles than electron, so mass of an atom depends upon

number of protons and neutrons present in the nucleus. Mass number Is
represented by A.

The mass number of an atom is equal to the sum of the number of protons
and neutrons present in the nucleu |

Mass number = number offototons + number of neutrons
Hence the number of neutroncan be calculated
Number of neutron = mass number — number of protons

Mass number

N\

A

x 1 Atomic symbol

Y 4

Atomic number

Fig: 1.7 Symbolic representation of atomic number and mass number

- Examples |
(i) Atomic Number, Mass Number and Subatomic Particles of carbon
Carbon Atomic Number = 6
Number of protons (Z) = 6
Number of electrons = 6
Mass number (A) =P + N
=6+6=12

Thus, carbon can be represented by ¢ C
Hence, the number of neutrons = A—Z
- =12-6
=6

NOT FOR SALE
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(i) Atomic Number, Mass Number and Subatomic Plrticlu of Oxygen
Oxygen Atomic Number - = 3

Numberofprotons(z) =8
Number of electrons =5
Mass number (A) =P+N

=8+8=16.

Thus, Oxygen can be represented by “0

Hence, the number of neutrons = A-Z
=16-8
=8

1. Amatomof LTthium has three protons and four neutronsin its nucleus.:
(a) Whatis its atomic number and atomic mass?

(b) How many electrons doesit have? .

2.The atomic number of Iron is 26 and atomic mass is 56.

(a) How ma ny protons and electrons does an Iron atom have?
(b) How n'tan},,r neutrons does an Iron atom have?

3. Do you know any element having no neutron in its atom?

Sc u-ntlfu Information

-

Elﬁmgnt \ﬂhtch have same .atemlc
te differer sgiﬁi-‘maﬁs“' N "'i:;'ﬁ'-iﬁ.f.aﬂétﬁm-in‘ ahk
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Fundamentals of Chemistry

1.2.3 Relative Atomic Mass and Atomic Mass Unit

If we measure the mass of an atom in asses of atoms are expressed relative 1o
grams or kilograms, it will be an the massof a Carbon-12 atom.

extremely small value ( 107 to 107g). |
Measuring such a small masses are not
only impossible but are also impractical
to work with. For that purpose, atomic
masses are expressed by comparing with
a mass of standard atom. The atom
chosen nowadays, as the standard for
comparison is that of carbon -1 2, which

|, hasamass of exactly 12 units. 1 atom of C-12 = 12 units
\'l;he relative atomic mass of an element is 1/12 the massof C-12 =1
the mass of an atom of that element |
relative tothe mass of —112— of C-1 2.)‘9")
(1_1;1,.53 {E;nl ,{15-?#1 : ﬁiifm S o
e e R
TEE SR ST % 1|||'|Hi||Hl,|.
| 4 3 12 16 20 24 amu
Srandurd Mass

Fig: 1.7 Atomic scale showing relative atomic masses of some elements
and that of the standard element C-12.

._ N (i) Atomic Mass Unit (a.m.u.)

| Atomic mass unit is the mass of the —1-2— ofanatomofC-12.

Atomicweightof C=12=12g=1mol | ‘
Similarly,1 mol of C-12 contain atoms = 6.023 x 10” atoms (Avogadro’s
number) : %
L atom ol CATE sam =1993x1{}'.ﬂgj
_ 6.022 x10° . |

[

So, we can calculate

L | :
1amu= 75 Xx199x107 ~167x10g=1.67x10"kg -

NOT FOR SALE
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Table 1.6 Some Elimmts W Masses

el Einmnt. j Mlmnnmmssmmm J
1. |Hydrogen | 1.0079 am.u.

g

_Og}{gen 1 15.8994 am.u.

2.
- 8 :_'.? Sadrum : 32.9597 a.m.u. | | 5

- |

& | Magnesmm 24.3050 a.m.u.
Bages- Siiver | 107.8082 am.u.

(i) Averagc Atomic Mass
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 each isotope. | - .

Average atomic mass is the wenghted average of the aton'nc masses of the
naturally ocmning isotopes of an element. Average atumlc mass m‘ an
element can be calculated by using follewmg formula. ‘

Average atomic mass = Atomic mass of 17 Isotope x its Joage abundance
100

+ Atomic mass of 2™ Isotope x its %age abundance
———

For example, the average atomic mass of Chlorine is 35.5 a.m.u. because there

are two isotopes of Chlorine. One is Chlorine — 35 and the other is
Chlorine — 37. The percentage occurrence in nature of Chlorine =35 is 75%
and the 'percentage of Chlorine-37 is 25%. Therefore, the average atomic
mass of Chlorine s, - -

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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Average atommic mass STE——— = (0.75V(35amu) + (025 (RTam i)
= 26,25 +9.2
=3550am.u.

Practice Praoblem 1.2:

« Naturally occurring gallium consists of 60.108% Ga—-69, with a ’m:ass'
of 68.9256 amu, and 39.892% Ga — 71, with.a mass of 70.9247 amu.
Calculate the average atomic mass nf' gallium.

» Calculate the atomic mass of neon from the given data. . 3
-.nNE =90.51% NE =0.27% luNe =0, 22%
1.2.4 Chemical Formulay,—

As you have learnt earlier that compound are represented by a chemical
formula. The chemical formula of a compound is written by putting together
thechemical symbolsofthe glements that make upithe ::Bmpaunc[andthew
relative ratio by aioms. | & |

It is an abbreviation used for the full ﬁame of a campound \mth the help of

symbols. In other words, we can say that the symbolic representatinn of a
molecule of a compound is called chemical formula. :

The chemical formula tells us:
« Thetype of atoms (elements) present in the compound.
« The ratic of the different atoms presentinthe compound.

For example the chemical formula of Sodium Nitrate is NaNO, and that of
glucose is, C,H4.0..

Following are the two types of chemical formula. .
(i) Empirical formula |

(i1} Molecularformula

NOT FOR S5ALE 'E
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(i) Empirical Formula \/
The empirical formula of a chemical compound is the simplest formula which

shows the smallest whole number ratio of the atoms, of the different

elements present in a compound. It may not be the actual formula of the
compound. For example, the actual formula of benzene is C.H,. Benzene has

the simplest ratio of 1:1. So,its empirical formula is CH and the actual formula

of glucose is C.H,,0, Glucose has the simplest ratio of 1:2:1. So, its empirical
formulais CH.O.

(i) MolecularFormula,

Molecular formula shows the actual numbers of atoms of different elements
present in one molecule of that compound. For exa mple,

Molecular formula of Glucose = C,._-,:Hm'OE

Molecular formula of Benzene = C.H,

Molecular formula is derived frnrn emplrlcal formula by the following
relaﬁi‘tmsmp ) | '

M@iﬁfuiar formula=n fEme:rtcaI Formula)
Wheren=1,2,3,4....and soon

- Forexample the molecular formula of benzene s,
Molecular formula = n (Empirical Formula)
Where the value of 'n’ in this case is 6,
Molecular formula = 6 (CH)

Molecular formula = CH,.

A molecular formula may be the same or multiple of the empirical formula. A

few compounds showing their empirical and mﬂlecu!ar formula are shown in
tabie'l s

-
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Table 1.7 Some compounds with eﬁrpirir.al and molecular formulae

1 Aceticacid 0 il

2 Acetylene a2l i . CH

4 Glucose _ 5 CH‘E'C;

S Hyogenseodde  HO —
6  Sulphuric Acid -  H.SOs

7  TronOxide - . .. Fe0s ;

8  Ammonia NHs

9  Methane e

10 Water | " H,0

It is clear from the table 1.7 that some compounds l‘iaﬁé"‘l’denﬁt;If"'emp"iricai
and molecular formula.

(iii) Formula unit

All the ionic compounds are represented by their formula unit. Formula unit
is the smallest repeating unit of an ionic compound showing the simple ratio
between the ions.

For example, in the whole crystal lattice of sodium chloride, the ratio of Na*
and ClMion is 1:1 and its formula unit is NaCl, similarly KCl is the formula unit
of potassium chloride. ' |
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1.2.5 Molecular Mass and Formula Mass

(i) Molecular mass

Molecular mass is the sum of the relative atomic 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, | -

Molecular formula of Ethane = C,H,

Atomic mass of carbon =12
Atomic mass of Hydrogen =1 B e
Molecular mass of Ethane = 2(Atomic Massof C) + 6(Atomic Mass of H)
- : =2(12) + 6(1) :
=24 +6
Thus, molecular mass of Ethane =30a.m.u.

- (ii) 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).
i | =1(23amu) + 1(35.5amu) =
: =23amu +355amu
Formula mass of NaCl = 58.5 amu.

]

Calculate the formula mass of (a) (NH,),S0, and (b) Fe(NO,),
Solution .
(a) (NH,),SO, |

ZN  2x 1d4damu=28amu

8H 8x 1 amu=8amu

1S 1x 32amu = 32amu

30 3x 16amu=48amu

Formula mass = 116 amu

(b) Fe(NO),
1Fe 1x 56amu=56amu
2N  2x 14amu=28amu -
60 6x T6amu=96amu

Formula mass = 180 amu

'E NOT FOR SALE
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Practice Problem: 1.4

1.3 Chemical Species

Chemical species that is atoms, molecules, ions, etc. take part in a chemical
reaction.

(i) lIon ' .

I

— —Anatomis a neutral particle, the number of electrons and protons are equal
in an 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 electrons is called an ion.

1085,0f, o o N gain of.
electron(s) / B \ electron(s)
Cation - 5 Anion %

g

(+) =)

Fig: 1.9 Types of lons

There are two types of ions, a) Cation (Positive ions} and b) Anion (Negative
ions).
a) Cation

The atom which loses electron(s) from its outer most shell, a net positive
charge is appeared on that atom. This positively charged species is called

cation. Positive ions always have less number of electrons than the numberof .
proton. The following equations show the formation of cations from
different atoms.

NOT FOR SALE | ‘z
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b) Anion

The atom which gains electron(s), a net negative charge is appeared on the
atom. This negatively charged species is called an anion. Negative ions
always have more number of electrons than the number of protons. The
following equations show the formation of anion from different atoms.

It has a net charge (either negative or
~number QfPrﬂ!’fﬂﬂs and. positive) on it. The number of protons
electrons, is differentthan electrons.

......

= - LA -
o e o 0 g Sl 4 * ! . - |
= P i = = =
f— - - =

e M3 =R R : -'

cannot exist independently, for
example Na', K* Fe™

‘independently, for example
Na, K, Fe.
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(ii) Molecular Ion

Just like atoms molecules also are electrically neutral particles. When a
molecule loses or gains one or more electrons, it forms a molecular ion.
Molecular ions are also called radical. Molecular ion can be cationic molecuiar
ion (when they carry positive charge) or anienic melecular ion (when they
can'y negative charge). The examples of cationic molecular ions are CH

- CO" etc. while the examples of anionic molecular ions are C,H.OH" etc

Cationic molecularions are more common than anionic molecularions.
(iii) Free Radical

Free radicals are atoms or gruup 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', CI', CH,’ 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.

Cl, » 2CI
Chiorine frae radica!
The chlorine free radical (Cl)react with CH, to form methyl radical CH';.
CH, +CI »CH,. & HCI
‘ Methyl free radical

A free radical is reactive specie which does not exist independently. The CH’,

is very reactive and react with another Cl, molecule to form chloromethane |

and Cl again.

-

CH', +Cl, > CH,—Cl + CF

Chloromethane

1.3.2 Molecule

A molecule is formed by the chemical combination of atoms. It is the smallest
unit of a substance. Molecule is the smallest particle of matter which can exist
free in nature and may be composed of like or unlike atoms. It shows all the
properties of that particular substance. For example, H; , N, O,, H,;0, etc.
There are different types of molecules depending on the number and types of
atoms combining. Some types of molecule are following.

@,
NOT FOR SALE
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Fig: 1.10 Types of molecules

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

- macromolecules (macro means very large). For exai*nple, haemoglobin is a
macromolecule found in blood.

'ﬁ ' NOT FOR SALE
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On the basis of the nature of atoms présent in the molecules, they may be
classified in two groupsi.e. homoatomic and hetereatomic molecules.

Table 1.9: Cumpaﬂmn of hnmu-a!:nmit molecule and Hm-ltomlc mlmli

When a molecule consists of Whenamu!ecule canmsts of atoms
atoms of same element, it is | of the different elements, it called
called homo-atgmic malecule. hetero-atomic molecule. They are
They are also called homo- | also called hetero-nuclear
nuclear molecule. For example, molecule. For example, carbon
oxygen (O,), hydrogen (H.), dioxide (CO,), water (H,0O),
chlorine (CL.), sulphur (S,) etc. Hydrochloric acid (HCI), etc.

1.4 _Avogadro’s Number and Mole
1.4.1 Avogadro's Number

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 |
present in the given mass of a
substance. Avogadro's number is
collection of 6.023 x 10° particles. _
Avogadro's number is defined as the The molecule made up of more

| than one atom are termed as
number of particles (atoms,

£ i o _ o polyatomic molecules e.g.
molecules, :cmsﬁ) in aneﬁ mole of any diatomic = 0,
substance and is numerically equal to triatomic = CO;
6.023x 10”, tetra atomic = NH,

Penta atomic = CH 4

NOT FOR SALE ll
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I The mole concepts, students often have trouble cmmpreh.endiﬁg the huge

size of Avogadro's number, 6.023 x 10, The following analogies may be
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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,”.

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, lets consider a few
examples.

.. 1.0gofhydrogen=1mole . =6.023x 10”atoms of hydrogen

i. 12gofcarbon =1mole  =6.023x 10”atoms of carbon

ii. 18gofwater =1mole  =6.023x 10” molecules of water

iv. 585g0ofNaCl =1mole = 6.023x10* formula unit of NaCl

ins,all the land.a I'EE_:'Zi#%~ﬂ;1ETWBI?‘E world

* Ifthere were a mole of r
would be covered with rice to a depth of about 75 meters. |
* One mole of rice grains is more than all the grain that has been grown
- since the beginning of time. | | yoir
* Acomputer counting with a speed of 10 million atoms a second, would
take two billion years to count one mole of atoms. ' ]
* It one mole of marbles were spread over the surface of the Earth, our

planet would be covered byathree rhilesthick layer of marbles.

1.4.2 Mole

We use different units in our daily life to represent different quantities of
items so that we can count them easily.. How do we count shoes? As shoes
come in pairs, so we would most likely count them by pairs rather than
Individual shoes. Similarly eqgs, banana etc are counted in dozens, but paper
by ream. Thus, the counting unit depends on what we are counting. Chemists

also use a unit for counting atoms, molecules and ions. They use a counting
unit called mole to measure the amount of a substance.

lz NOT FOR SALE
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Fig: 1.10  Mole conversion map

1.5:1 Mnie-Mass Calculations

In mole —= mass calculatmns we can calculate the number of mnles Uf E
cubstance 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
relationship is 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 number of moles into mass by
using the following equation.

Mass (in grams) of a Substance
Molar mass of a Substance

No. of Mole (n) =

By rearranging the ahove equation, we can calculate the mass of a substance
from the number of moles of a given substance.

Mass (in grams) of a substance = No. of mole {n) x molar mass of the substance

. NOT FOR SALE la
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Fundamentals of Chemistry

Calculate the molesin 60g of Co,.
Solution
Mass of CO, =60g
The molar mass of CO,= 12.00g+2(16.00 g)
- =12+ 32 |
=44 g/mol

No.of moles ofCO; =

Mass (in grams) J
Molar mass of CO,

60
= 44 =1364mole

There is-also a rﬁfﬁ{iﬂ;ﬁfhigﬁgtﬁggﬂ mole of @ substance and Avogadro's
number(N).

1 mole of any substance contain = 6,023 x 10 particles (atom, molecules,
and ions) |

Based on the above relationship, we can convert any number of moles into
particles, (atom, molecules and ions) and any number of particles into mole

using the following formula.

' No. of particles
No. of Moles (n)=
. Avogadro's number (N,)
| v No. of particles |
No. = e
0. of Moles (n 6.023 x 102

No. of particles = No. of moles x N,

No. of particles = No. of moles x
6.023 x 10® | .
Fig: 1.11 _Mole mass conversion

NOT FOR SALE
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EXAMPLE : 1.4

. . - o ~ -

How many moles of hydrogen are there in 8.9 x 10% hydrogen atoms?
Solution:

No. of atoms of hydrogen = 8.9 x10°
No. of H atoms per mole = N, = 6.023 x 107
Therefore the number of moles present, can be calculated using equation.

No. of atoms or molecule
Avogadra’'s No (N,)

89x10”
6.023 x 10

No. of moles of Hydrogen =

3= 1.48 moles

Over the course of human history, people have developed many -
interconnected and validated ideas about the physical, biological,
psychological and social worlds. The means used to develop these ideas are
particular ways of observing, thinking, experimenting and validating. These

- ways represent a fundamental aspect of the nature of science and reflect how
science tends to differ from other modes of knowing. '

NOT FOR SALE I=
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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
2 the laws and principles under which these changes occur '

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

* Matteris anything that occupies space and has mass.

* A piece of matterin pure form is called substa nce.

* Mattercan heeiassfﬁeﬁ‘as an element, étqnﬁp@ undora mfxtij re. :. ;

. AnEI&mantslﬁﬂ substance ~wlsI_iC'h-;t:annnt- be split up into other s'i:impler
substances by any ordinary physical or chemical processes.

*= An atom is the 'smaﬂest particle of an element that can take part in a
chemical reaction.

* Compound is a pure substance made up of two or more elements
chemically combined together in a fixed 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 an atom of that element.

* The mass number (A) of an e!emenfc 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 atom relative to
mass of 1/12 the mass of Carbon-12. |

.: - NOT FOR SALE
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. Atomic mass unit is the mass of the 1/12 of the mass of any atom of
Carbon-12.

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

. Chemical Formula is a shorthand method of representing a compound.
Elemental symbols are used in writing a formula.

. Empirical formula shows the smallest whole number ratio of the
atoms/ions present, while molecular formula shows the actual number
of atoms present in a molecule of the compound.

. Molecular mass and formula mass of a compound is sum of the relative
atomic masses of the elements (atoms) present inthe compound. !

- Simpleions are atoms that have lost or gained electrons.
. Molecules can also formions called molecularions.

« Free radical is a _-Spei:ie. with anunpaireq %lECHrﬂn and i;"i- the i[egl‘!-}:t 0
" homolytic fission of the bond. | e s s W )

v

W - -1

« A molecule is the smallest particle of a compound or element that can
existindependently. It may be mono-ato mic or polyatomic.

« Molecules made up of similar atoms are homo-atomic and those
composed of different atoms are hetero-atomic. '

« A mole represents a definite guantity (mass) of an element or a
compound. The gram atomic mass, gram formula mass or gram
olecuiar mass of an element or compoundis called a mole.

. Avogadro's number is a constant value equal to 6.023 x10” and this
number of atoms or molecules is presentin one mole of a substance.

NOT FOR SALE
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Choose the correct option.
.. Which onhe of the following group comprise of elements?
(@) Mercury, water, Ammonia (BYIodine, Tin, Iron
(c) Copper, Aluminum.'MethanE._ - (d)Coal, Smoke, Fog
.- Which one of the following can be broken down in to simpler
substances: -

. (a)Ammonia (b) Oxygen () Sulphur
il The gram molecylar mass of HNO. is:

(a) 60 (b) 100 (C) 63

Iv. Which of these mﬂle;ul Is nota compound?

(dIron filling

(d)98

2

to two moles of water( H.0)?
| el JOIECULRS e ) EBZZXTE’“mafEcules
T 1.204610" moleq

oy roedules T (d) 1806510 molecules | \/ |
Vi Acompound containe- | | N

(@) different kinds of ato
(b) the same kind of ato |
(c) different kinds of atome chemically combined togetheq_—~
(d) the same kind of atoms chemically combined together

vii. Which one of the following is an exa mple of triatomic molecule?
la>'-f-‘5a,JD (b) O, (€)CH, (d) NH,

ms mixed together
ms mixed together

gas with each molecule made up of two atoms; . ———
atom made up of two molecules

he following compounds

d) adiatomic
Ix. ‘Which one of t

has both empirical and
molecular formula identical? :
(a) benzene-(_CﬁHﬁ) (b) hydrogen peroxide(H,0,)
(c) water (H,0) ~ (d) glucose (C;H,,0,)

| NOT FOR SALE
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« Which one of the followings a hnmngenedijs mixture
(a) smoke (B) air (c) fog (d) smog
SHORT QUESTIONS

A briefly the following questions. :
~ How many elementsare present in each of the following?
a) HF and Hf (b) Coand CO (c) SiandSiO, (d) PoCl,and POCl,
ii,/ Cm is the chemical symbol for curium, named after the famous

scientist Madam Curie. Why wasn't the symbol C, Cu or Cr used

J‘nstead? ,
iii"/ What is the atomic nu mber of an element? How does it differ from the
J mass number? | : L
./ students often mix up the following elements. Give the name for each
element. | . |
(a) Mg and Mn (byKand P (c)Naand$S (d)Cu and Co
v. ‘a) Classify the following molecules as. mono-atomic, diatomic, tri-

_ atomicand polyatomic molecules. -
H&Op Ng: 53; HE; Hclr Cozr Ar: H.&SO# CGHIEOE <l

~ p) Classify the following as cation, anion, mole
and molecule. _ |
CH.O™, CH;,CO", CO,, CI. M

mber of moles of butane, C.H,in 151 gofbutane

vi. Calculatethenu _
uandH =1amu). (Ans: 2.63 moles)

(At. masses C=12am
vii. Whatis the mass of 5 moles of ice? (Atomic masses: H=1

cular ion, free radical

g% €0;% 0, Na', CH0" HO, Cl;

amu, O=16amu)
(Ans: 90g)
of CH,. :
(Ans: 3.914x10” molecules)
um from the following data:

viii. Calculate the number of moleculesin 6.50 mol

i:I/ Calculate the average atomic mass of lithi
isotope | Natural Abundance (%) | ndmm Mass (amu)

*Li 73
Li 92.5

(Ans: 6.940)
(Ans: 152.5240)

02> molecules of PCly.

. Calculatethe mass of6.68x1
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V/ | LONG QUESTIONS
(i) State and expla in with examples:

(a) The empirical formula of 3 compound.

/(b] The molecular formula of 2 compound.

(i) ~ Whatdo you understand by the terms mole and Avogadro's number.

Explain with suitable exam ples.

(i) (a) Compare and contrast 3 mixture and a compound. Give examples
of each of them.

(b) How will you classify molecules? Sy
least two exam ples of each.

(iv) (@) What js the molecular mass
differentiate it from formula mass?

(b) -Calcul_ate the molecular mass or formulae mass, as the case may |
be of the following compounds in amu,

PPort your answer with at

of a compound? How will you

-,
() Benzene, CH, (i) Ethane gas, CH: it:
giiMuwuum-ﬁthde,ﬁ@, (iv) Iron oxide, Fe,0, |
(V) - (alFind outthe number of protons, electrons and neutrons n the following
- iiNa, 'TAg, %Fe @ Pb, ®Ar, By
(b) Complete the ft_:n.ﬂuiwing table:
a. K e
b. i g
c. 15 St | -
d 20 '
e. Cl
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Describe the contnbutmn's that Rutherfnrd made to the
develapmentﬂﬁheatomtcthenw A f SN

N A
Explain how Bohr's atamictheury dll%r}ﬂ‘gnm% 4 3 >4 % V i

Describe the structure of an atom mcludmg the loc_atm-n crf the
proton, electron and neutron._ | = '

Define isotopes.
Compare isnté:pes of anatom.
Discuss properties of the Isotopes ofH,C, ClU.

Draw the structure of different isotopes from ‘mass number and
atomic number. '

State the importance and uses of isotopes in various ﬁeldwf life.
Describe the presence of sub shellsinashell.
Distinguish between shellsand sub shells.

Write the electronic configurations nf the first 13 d ment s in the
periodic Table :

NOT FOR SALE

@



https://www.perfect24u.com/
https://www.perfect24u.com/

Structure of an Atom

Ihtroduction

The composition of matter s 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 Daiton, 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 under |

the title “A New Systemn of Chemical Phileso phy.” The |
Main postulates of Dalton atomic theory (1808 are
as follows: Sy

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

2. Atomisan indivisible particle,
Atom can neither be created nor 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 properties, |
- 6. Atoms combine with each other in small whole
numbers ratio.

7. All chemical reactions are due to combination
orseparation of atoms .

John Dalton

Fig: 2.1 Dalton's Model of Atom as solid ball
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Structure of an Atom

2 1.1 Rutherford's Atomic Model

In 1911, Rutherford performed an experiment in order to know the
arrangement of electrons and protons in an atom.

(I) Rutherford's Experiment/ Discovery of Nucleus

‘Rutherford performed an experiment {0 determine
the internal structure of the atom in 1911. For this.
purpose, he used a thin (0.00004cm) gold foil. The
gold foil was surrounded by photographic plate or
Zinc sulphide (ZnS) fluorescent screen to detectthe
particles emitting from the radiation.

He bombarded the gold foil with e — particles
(20,000) from a radioactive source (polonium
metal). He observed that most of the « - particles
(19990) passed through the gold foil without any & .
change in direction. It showed that most of the 7, Rutherford
volume occupied by the atom is empty. Dy
Some a — particles (8) were deflected through smalléﬁ_ angle. Only few (2)
were bounced back at their original way. Rutherford concluded that an atom
contains a positive portion i.e. nucleus in the center of the atom. 50, & —
particles passing near this portion were repelled. Because, o — particles are
also positively charged particles and similar charges repel each other.

Nucleus, containing
positively charges
protons

electrons,
negatively charged

Fig:23  Rutherford model of atom

&
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Structure of an Atom

If & — 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 al|.

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 putall the protons in the nucleusand the electrons around the nucleus
like planets around the sun.

Photographic film or

TE luminescent screen
Lead container o _ particles detector

Siream of e —particle

(Radicactive element)

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

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

3. Theelectrons revolving around the nucleys would require centripetal

force. The attractive force of the nucleys on electrons provides
centripetal force to the electron. -

4. The size of the nucleus is very small as COmpared to the size of the
- atom and most of the volume Occupied by the atom is empty.

5. Atom is neutral. As the number of electrons s numerically equal to
that of protons.

6. Nucleusis responsible for Mass and energy of the atom.
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Rutherford in 1911, performed an experiment and proposed a model of an atom.
' These suggestions remain unchallenged for long time. But this mudel:cpuld.._n'at -
explain the stability of an atom and line 5pec_tfu;m'-fnr an atom. Bohr leaped over

difficulty by using quantum theory of radiation that was prﬁpdfs_'e:_ﬁ by Max Plank.

Bohr atomic theory explains nicely the stability of an atom and also explains why

an atom gives line spectrum. Development of Boh's atomic mode! explains how

interpretations of results of experiments of other scientists help chemists to
formulate new explanations and theories.

Structure of an Atom

e - = , - S—r

I Py
Sl 5
:—'L'?'\Ll__i "'

S

=

(ilii) Defects in Rutherford's Atomic Model

Rutherford’s Atomic Model of an atom resembles our solar system. It has the
following defects. - ' B2
1. Rutherford's atomic model is based on the laws of motion and

NOT FOR SALE

gravitation, which are applicable to the neutral bodies and not on the
charged bodies. =
~ According to Maxwell theory, electrons are ,i::h'argéd bp-dig;;ﬁ;r'“emﬂ;ving
sround the nucleus and should emit energy continuously. The electron
will move on the circular path and ultimately fall in the nucleus.
However, it does not happen. | | | |
_ Ifelectrons radiate energy continuously then continuous spectrum'wiil '
be obtained but actually line spectrum is obtained.

1t does not provide any explanation about the chemical properties of
the elements.

The Electron

Fig: 2.5 Electron revoiving around the nucleus

A
by
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Structure of an Atom

2.1.2 Neil Bohr' s Atomic Theory

In 1913, Neil Bohr presented a new atomic
theory to overcome the defects of Rutherford's
atomic model. Bohr considered hydrogen atom
asamodel. 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, - Neil Bohr
the higher will be the energy and vice versa.

3. As long as electrons are revolving around the nucleus in fixed circular
orbits, they do not gain or lose energy .i.e. energy of an orbit is fixed,

4. When an electron jumps from.a higher energy orbit to the lower energy

urbft,, it radiates energy--and when it jumps from lower energy orbit to

higherenergy orbit it absorbsenergy.

The energy difference between two levelsis given by,
| ~ AE=E,-E =hy
Where,

h = Plank’s constant

v = frequency _

E; = the lower energy orbit

- E;=thehigher energy orbit
AE =the energy difference

5 Electron can reside in dny one of the orbits and cannot stay in
between them. : |
6.  Angular momentum (mvr) of an electron Isanintegral multiple Gf_zb-r?
nh
mvr =T

(45
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Structure of an Atom

Where,
n =numberofshell=1,2,3,4.... A

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 6.6262x 1 0*)s

3 Energy levels
or sf?eylfl

2

1

° K\LIM

Z X Nucleus -

Fig: 26 Bohr's Atomic Model

ic also called a shell or an energy level. These are
on. The electrons present in

nearest to the nucleus. L-shell
han the K—shell and so on.

The orbit defined by Bohr,
represented by alphabets K, L, M, N and sO

K—shell (n=1) have the least energy and it is
(n=2) is the next shell which1s higherin energy t

Make a model/diagram based on Bohr's atomic theory. € s
in your classroom/ laboratory |
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Structure of an Atom

2.1.3 Fundamental Particles ofan Atom

Modern research showed that an atom consists of many subatomic particles.
Three subatomic particles Proton, Neutron and Electron are very important
to the chemists. These particles are the fundamental particles.

1. [Electron) | .
‘Electron is a negatively charged particle. Its mass js equal ’gg 0.000548597
2.M.U. or 9.11 x 10™"kg. Charge of an electron ic 16022 x 10"~ coulomb with
negative sign. Electrons are very light small particles which revalve around
the nucleus in c:rrbits_. ﬁp;? Nt l@ .

2. |Proton) | |
Protonis a pgsitively charged particle.Its massis equal to 1.0072766 a.m.u. or
1.6726 x 10 kg. Charge of proton is 1.6022 x.10™"° coulomb with positive

- nucleus of an atom.

Neutron is a neutral particle because it has no charge. Its 'massj_is.._equal t;::- |
1.0086654 a.m.u. or 1.6749 x 1{1“;’7“‘1@: Neutran is 1842 times heavier than an
: electmn‘?«%mrqfnsfare;preséﬁt in the nucleus ofan atom, | :

*§

Fig: 2.7 Structure of an Atom

NOT FOR SALE



https://www.perfect24u.com/
https://www.perfect24u.com/

Structure of an Atom
Table 2.1 : Summary of the subatomic particles

paice. | S/T00l| crrges 9| mass amay| Mo |
Flectron o = lmﬁozzm(ﬂg 0.00054859 | 9.11x107" *
| Neutron n? 0 0 - 11.0086654 ‘11.6749 x10‘27
22 Electronic Configuration N

The distribution or-arrangement of electrons around the nucleus in orbits or
shells is called the electronic configuration.

The electrons are distributed around the nucleus in various orbits or energy

levels or shells. These orbits are numberedas 1,2, 3,4,5,6,7..... These orbits
are represented by K, L, M, N etc. The maximum number of electrons ina

particular orbitis given by the formula 2n1, Wheren=1,2,3,4...

The maximum number of electrons in first/second and third orbitare 2,8 and
18 respectively. ‘

Table 2.2: Orbits and Maximum Number of Electrons in an Orbit (Energy Level)

Number! Name of
of Orbit| Orbit
1 K

2

3 M
47
5 Q
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- Structureruf an Atom
2.2.1 Concepts of s and p sub- shell
(i) Shell (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 ener

= shell are r€presented by s, p, d and f
_ h stand for sharp, Principal, diffused and
fundamental, - =

Fig: 28 Shapes of P and d = subshel|

Note: The fsub-shell has seven orbitals and has complicated sha pe.
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Structure of an Atom

i 5 sub-shellcan accommodate a maximum of '2'el

i. p sub-shellcanaccomma

ii. d sub-shellcan accommo
shell can accommodate a maximumof "1

iv. f sub-

ectrons,

date a maximum of ‘6’ electrons,

date a maximum of '10" electrons, and
4' electrons.

The increasing order of energy

is given below.
1s < 2s< 2p< 35< 3p< 4s <3d ..

The electrons a
Auf Bau principle. According to this
lable to it
le, electron will first fill 1s, 25,2

princi

energy sub- shell avai
According to this princip
3d, because the energy of4sis lower than

2 2 3 Electronic Configura

The electronic configuration

o7 FOR SALE

of the sub-shells belonging to differen

re accommodated in the different ene
ple, electrons fill first the lowest

and then higher energy sub

t shells

_and so on.

rgy levels by using |

-shells.
p, 3s, 3p, 4s and then

the 3d sub-shell.

tion of First 18 Elements

of first 18 elements is given below.
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Structure of an Atom

Table 2.4: Electronic Configuration of First 18 Elements

7 e _.'f*f-_f e | Eiectwnrc Cnnf guratron ]
. Element | Symbol|  Momic n=1 | n—-z A heIiw
5 . 15 | 25 Zp - 3s |'3p 3d.
i ' [ ey : [ .

EE '

ik .155 < ;-251 - ==l
: .152 | 2;2' 2p‘

"I-Iyd rﬂgen
pHEIH;Hﬂ

H . ——
= | -
X i - (3 =
: e E 2

Lithlum
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configuration of the sodium atom.

2 Potassiumhas the electronic arrangement 2,8,8,1.
a. What is its proton number?
b. Draw its electronic structure.

3. Write the electronic _conﬁgurations of N, P and Ar.

2.3 Isotopes

These are the atoms of the same element which have same atomic number
but different mass number. The difference in mass of an atomin an elementis
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
protens-and electfons but different number of Neltroris. Isotopes have the
same chemical prnperties butdifferent physréal"pfﬁperﬁes;? '

2.3.1 Examples of Isotopes

(i) lIsotopes of Hydrogen |

Hydrogen has three isotopes. These are Protium (H), Deuterium (D) and
Tritium (T). Protium (H) is ordinary hydrogen. It is the most abundant isotope
(99.985%) of hydrogen. Deuterium (D) is about 0.015 % and Tritium is rarely
found in nature. :

All the isotopes have one proton in their nuclei and one electron in their orbit,
the difference lies in the number of neutrons. The number of neutrons in
Protium (H) is zero, Deuterium (D) is one and Tritium (T) istwo in 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 like density,

melting point and boiling point etc. '

C
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Structure of an Atom

Table 2.5: Isotopes of Hydrogen

| Neutrons | 2Pundance

Protium (H) 1
H 0 99.985

' 2
Deuterium (D) yHor D 1 0.015

3
HorT very rare
isotope

Tritium

Table 2.6: Physical properties of H,0 and D,0

e

T [ — —— i
R L e PN e e R e T ST ———— —
L = - _-.- il ¥ ¥ AP _‘-+ B -3 o] H‘ i - = _' 2 .
ST By s
] - ] - - 3 . 2 el EL | - R = i = =
e o . r . e -

St

18.02 20.03

1000 | 1105
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Structure of an Atom
(ii) Isotopes of Carbon
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 are represented by "C, Cand [C. :
All the isotopes have six protons in their nuclei and six electrons in their orbit.
The number of neutrons in Carbon - 12 s six, Carbon— 13 is seven and Carbon
— 14 is eight in their nucleus.
Table 2.7: Isotopes of Carbon
Isotope | Atomic structure
Name - e :
Carbon - 12 5 A1 6 . 98.98
'r
Carbon - 13 E"'c* 7 1.109
1 'I-!c i Pm per _ :
Carbon - 14 6 8 trillion (ppt)
&
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i Structure of an Atom
(i) 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 15 24.47%
innature. These are represented by **Cl and ¥'cl .

Both i'sntupe_s have 17 protons in their nuclei and 17 electrons in their orbits.
The number of neutrons in Chlorine - 35 is 18 and in Chlorine — 37 is 20.

Table 2.8: Isotopes of Chlorine

_ _ 3 Number Isotopic
| isotope Name Atomic structure Symbol of abundance
! _ . - Neutrons | (percentage)
- Chiorine=35 A 18 | 7583
Chlorine - 35
17 Protons
z 18 Neutrons
Chlorine-37 v |20 24 47
7 .
¢ 17 Protons
: 20 Neautrons

NOT FOR SALE _
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Structure of an Atom

(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 - 238 is the
most abundant 99.245% in nature. These are represented by 24U, %U and

23

" 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-238is 146.

Table 2.9 : Isotopes of Uranium
Isotope Name | Atomic itructura S (PR gl 7
Uranium-234 @ U | 142 0.05
Uranium- 235 =5, |143 075

| Uranium-238 B4, | 146 99.245

NOT FOR SALE ‘a



https://www.perfect24u.com/
https://www.perfect24u.com/

Structure of an Atom

h L
I o .
i '_-.i"_.- N E ] T

e S o, o J.l.-..'-:":; oo i L

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 a"etermih_ed by measuring the percentage of lead formed as a result of
_disintegration of uranium. :

2.3.2 Uses of Isotopes:
Isotopes are used in chemical, agricultural and medical research for

diagnosing and treatment of diseases. Isotopes of certain elements show
radioactivity while others do not. Some uses of isotopes are given below,

1. Iodine-131 (1 :I] become concentrated in the Thyroid gland andis used
as cure for goiter.

2. lodine-123 ('s;1) is used for brain imaging.
3. Deuterium (D), heavy Carbon (C-13), heavy Nitrogen (N-15), heavy
Oxygen (O-18) and heavy lodine-131 (.5 1) are being used as tracer

elements in biochemical and physio—chemical research to trace the
path of the element to the defective or obstructed part.

Fig: 2.9 Chemotherapy (Treatment of cancer) 'Fig: 2,10 Thyroid_ gland

--'1..‘
57
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Structure of an Atom

4. Radium irradiation and Cobalt-60 ( 5 Co) 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 -14isused to trace the path of carbon in photosynthesis.

7. Americium -241 is used in smoke detectors. Itis also use to determine
where oil wells should be drilled. N

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 -85isused in electrical cloth washers to measure the dust and

pollutants level.

Agricultural Researﬁi‘;
{carbon -14,
Phosphorous-32)

~‘Carbon dating - Smoke Detectors
(car_bun 14) == (americium-241)

Fig: 2.10  Different uses of isutnpés

58
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Structure of an Atom

* Greeks proposed that matter is composed of small particles called atoms,

= According to Dalton's theory, matter is composed of small indivisibie
particles called atoms. .

* Electrons, protons and neutrons are the fundamental subatomic particles
of an atom.

* Rutherford's model of atom consists of a pogit_iﬁeiy charged 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
' -nn,;_leus_,i.rl;certa_inf,fixeq_-citcujaﬁdrbits 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 nu_cleﬁs in one of the fixed circular
paths called shell or orhits, Each shell has a fixed energy. These orbits are
also called energy levels. |

= Shell orenergy levels are named alphabeticallyasK, L, M. Nandsoon.

= The maximum number of electrons in a particular shell is given by the
formula 2n’. '

* Energylevels or shells further split into sub-energy levels or sub-shells. The
sub-shells are designated by s (Sharp), p (principal), d (diffused) and f
(fundamental).

* Isotopes are atoms of the same element having different number of
neutrons. ' ; |

» Isotopes are usedin chemical, medical and agricultural research.

. NOT FOR SALE
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Choose the correct option. '
i The maximum number of electrons in third energy level is:
(a)10 (m (c) 32 - (d) 64
ii. Mass of an atom is mostly due to its
(a%cleus (b) neutrons " (c) electrons (d) protons
i 1f Rutherford had used neutrons instead of alpha particles in his
*:’r scattering experiment, the neutrons would |

L{a‘fn ot deflect because they have no cha rge
(b) have deflected more often |
(c) have been attracted to the nucleus easily
(d) have given the same results
iv. Electronin its ground state does not
(a)spin . (b) revolve ([c) radiate energy) (d) reside in orbit
v~ Whichstatementabout <X and $Y/is false! \ I\ . ;
(a) they are i'sntnpes_
(b) they are the same elements
(c) they have the same number of electrons
@ they have the same number of neutrcns/
vi. The neutron particle
(a) has amass equal to thatof aelectron
@'\as a mass approximately equal to thatofa pl‘.ﬂtﬂﬂs/
(c) has charge equal to but opposite to that of an electron
(d) has a positive charge '
vil, Iﬁﬁtnpea of the same element have
@the same number of pmtuns/ (b) the same number of neutrons
(c) different number of electrons  (d) the same mass number

S5
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| Sfructuru of an Atom
(yLviii. Which one s the lightest?
ﬁn alpha particle b)a hydrogen atom
C) an electron d) a proton

IX. The nucleus of an atom has all of the following characteristics except
that it

(a) is positively charged
(b) isverydense
(€) contains nearly all of the atom's mass

untains nearly all of the atom's va!urna/
X. L=shell has sub-shell(s)

(@)s 'and bw/(c) S;pandd (d)s,p,dandf

SHORT QUESTIONS
Answer briefly the following questions.

. ““Aluminum is represented as 12Al Draw the structures of Aluminum,
- Writeits electronic configuration.

ViisWhat is the reason that physical properties of the isotopes are
r%ﬁff_an:emt but their chemical properties are the same?
Vil Dra

w the structures of carbon Isotopes. Then write down the number
fproton, neutron and electron.

IX.”How many electrons could be contained in the K. L, Mand N energy
levels.

Write detailed electronic configurations for 1, 5C and Mg
Xi. Write the symbol for an Isotope: :
(a) Containing one Praton and two neutrons
(b) Forwhich the atomic number is one and there is one neutron
(¢) For which the atomic numberis one and the mass numberis also one.
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Structure of an Atom

- LONG QUESTIONS
() Why Dalton’s atomic theory is considered as a base for modern atomic

concepts.
(i) Summarize Rutherford's maodel
developed this model based on

wexperiment.
(iii) State the postulates which Bohr suggested to overcome the

ortcomings of the Rutherford's atomic model.
(iv) Completethe following table for neutral atoms of specific isotopes:
[ Tisotopic | Atomic | Mass Number i Number | Number
| Symbol | No. NBi 1 o Ofs & ot e ot =% o s
| 1 " | Protons |electrons | neutrons |

of an atom and explain how he
the results of his famous gold-foil

i
i r'd ¥
- " -
J = -
=

131
s K€ -

e el R
18 T N2

g | - |

(uY(a} Define energy level and 'suh-energy'lewel.
(b) Explain the distributio y levels and
sub energy levels for

n of electrons in various energ
first four elements of the periodic table.
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Periodic Table and

Periodicity of Properties

In
In’ Co’ P

| D:stmngu?shhew:een aperiod and a group in the periodic table.
State the periodic law.
Classify the elements (into two categories: groups and periods)

- according to the configuration of their outer most electrons.
- Determine the demarcation of the periodic table into an s blockand p

block.

- Explain the shape of the periodic table.

Determine the location of families on the Periodic Table.

Recognize the similarity in the chemical and physical properties of
elements in the same family of elements.

Identify the relationship between electronic configuration and the
Position of an element on the periodic table.

Explain how shielding effect influences periodic trends.
Describe how electronegativities change within a group and within a

period in the periodic table.
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Periodic Table and Periodicities
Introduction

In previous grades, you have learnt about the elements and their
classification on the basis of metals and non-metals. Using that knowledge,
you will 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,
this number increased to almost double and in the year 1974, the number of
elements was 105. At present 118 elements are known. Out of 118 elements,
92 are found naturally on earth and the rest 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 1o 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 elements
systematically. It was a Russian chemist Mendeleev (1869), who made the
most successful classification based on the atomic masses of the elements.

The development of periodic table started in 1800. Many scientists in

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 groups of three on the basis of their atomic masses. These groups are
called triads. In triads, the atomic weight of the middle element was the
arithmetic mean of the atomic weights of the other two elements. For
example, Li’, Na™, K"

7+39
e

atomic weight of Na= 23
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Periodic Table and Periodicities

It failed to classify all the elements in this way. By 1864, more elements had
been discovered. An English chemist J. Newland classified the elements in
order of their increasing atomic masses. He classified the elements into
groups of seven and found that every eighth element had the properties
similar to the first one of the serjes. He called these groups octaves.
Lithium (Li) resembles Sodium (Na) and fluorine (F) resembles chlorine
(Cl), as shown below.

Li Be I3 C N 0 3

7 9 1 12 14 16 19
" Na Mg Al i P s cl

23 24 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 all the elements,

In 1869, two chemists, Lother Meyer in Germany and Dmitri Mendeleev in
Russia, at about the same ti 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 at regular intervals,

Lothar Meyer plotted atomic volumes (densities) of the elements against

their atomic masses and found that similar elements occupied similar
positions in the graph.

Dmitri Mendeleev arranged the elements in the form of table. He arranged
65 elements in periods and groups. In this table, he left vacant spaces for
the elements which were not discovered at that time and to be placed in
these vacant spaces, On the basis of this table, he predicted the properties
of certain elements very accurately that were yet to be discovered.

Mendeleev classification was based on atomic mass. However, with the
discovery of atomic structure, it became clear that elements varied
regularly with atomic number not with the atomic mass. It had also
become known that the properties of the elements depended on the
number and 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 periodic law states that the physical and
chemical properties of the elements are the
periodic function of their atomic number. Periodic
table is formed on the basis of this law. In the
simplified form it is divided into eight vertical T8
columns known as groups / families and seven 5
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 1to 7. From the table, we can see that all the elements in

the same period have the same number of electronic shells. In the first,
second and third period, the number of shells are 1, 2 and 3 respectively as
shownin fig. 3.1 — N =Gl [ ] |
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Periodic Table and Periodicities

There are seven periods (horizontal rows) in the periodic table.

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

« 2" and 3“ periods each contains eight elements and are called short
periods.

« 4" and 5" periods have 18 elements each. In these elements, eight
elements are called representative elements and the rest of 10 elements
are called Transition elements.In4" period itranges from -Sc (scandium)
to"Zn(zinc) and in 5" periods it ranges from “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 rest are called 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 a parallel development of properties for elements in each period. For
example, the metallic properties tend to decrease across each period while
the non-metallic properties tend to increase.

Scionmtitic Information

Representative Elements: All s-block and p-block elements are called
representative elements. 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, whichrangesfrom
(e (Cerium)to " Lu (Lutetium). Placed below the periodictable.
Lanthanide series elements are also called rare earth elements..

Actinide series are those elements which come after Actinium in 7%
periods. The Actinide series contain 14 elements, which ranges from ¥'Th
(Thorium) to, Lr (Lawrencium), placed separately at the bottom of the table
beneath Lanthanide series. SRR TS AR
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'3.1.2 Groups
The vertical columns of elements in the periodic table are called Groups.
They are numbered from I to VIIL

mmbmmummaummumpw
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
their atoms i.e. they have the same number of valence electrons. It is clear
from the fig. 3.2, that atoms having the same number of valence electrons
are present in the same group. -

Because of the similarity in the number of valence electrons, the elements
show resemblance in their chemical properties in the same group. Hence the
first group elements namely, Lithium (Li), Sodium (Na) Potassium (K) etc.
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 alkali metals or alkali family.

=///| * As the group numher increases, so the number of valence
< | electron alsoincreases,
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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 have three
electrons in their outermost shell. Group IV is known as carbon family, having
four outermost electrons in all family members. Group V is called nitrogen
family and V1 is called oxygen family, having five and six outermost electrons
in all the members of the family respectively.

The seventh group is called halogens. They have seven electrons in their
valence shell. They require only one electronto complete their valence shell.
They are very electronegative. They show non- metallic character.

The eighth group is called noble gases or noble family. They have two or
eight electrons in their valence shell. They possess a chemical inertness in
their character due to the completion of their valence shell.

Based on the electronic sub =shell;the group —1and group — Il elements are
called s — block elements. As in these elements the ‘_s'ﬁ.sub_ﬁ shell are in the

M
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Fig. 3.3 General Sketch of the Periodic Table
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process of completion. Group - III to group - VIII eiergents are called p -
block elements. 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 table is shown in figure 3.3.

EXAMPLE: 3.1

Use the periodic table to identify each of the following:

(i) The fifth element of the first transition series

(ii) The element of the fourth period that is also in group VB
(11i) The last lanthanide

(iv) The seventh transition element

(V) The second actinide metal

(vi) The first element of group VIII

(vii) The third halogen

(vili) The first alkaline earth metal

(ix) The first coinage metal

Solution

(i) Mn (ii) V (iii) Lu (iv) Co (v) Pa (vi) He (vii) Br (viii) Be (ix) Cu

Hydrogen is the lightest, most abundant and explosive gas on Earth. Fluorine is the
most reactive and most Eiectrnnieg“ativa of the elements, making elemental
Fluorine a dangerously powerful Oxidant. This leads to direct reactions between
Fluorine and most elements, including noble gases Krypton, Xenon and Radon.
There are _1?-93595 in total, which can be found in the natural atmosphere on Earth.
Only Oxygen and Nitrogen are found in large concentrations; 20.9476% and
78.084% respectively. Oxygen concentrations below 16% are considered unsafe

for humans.
‘m NOT FOR SALE
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+ Group number indicates the number of electron in the outermost shell of an
atom. |
. Period number indicates the number of electron shells in anatom.

. Towhich group does the element Potassium belong?

« Towhich period does the element Arsenic belong?

. To which group does the element Titanium belong?

. State whetherthe 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 Xislocated in period III, group Il of the ﬁeﬁadiﬁﬁblei deduce
its electronic configuration. | | g A

A. 2,2

B. 23 <

. 282 | r
D. 283 |

3.2 Periodicity 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 repeated. 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.
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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
elements in the periodictable.

3.2.1 Atomic Size

The size of an atom is not rigidly 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 Ionic radii.

(i) Atomic Radius

The distance between the nucleus and the valence shell (outer shell) of the
atomis termed as atomic radius: The atormic radius s represented by “r". The

atomic radius is directly proportional with the number of shells. The atomic
radius are expressed in the nanometer (1.0 x 10~° m) or the Pico meter
(pPm=1.0x 1U*ﬁm'}.

Fig. 3.4 Atomic Radius
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Periodic Table and Periodicities

Trends of Atomic Radius in the Periodic Table

(a) Trends of Atomic Radius in Groups

The atomic radius in periodic table increases in group from top to bottom,
due to 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 a*nd pulls them nearer to the nucleus. Thus, the atomic radius

decreases.

Table 3.1 Atomic Radii in angstrom units (10™ cm) of the
representative elements
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(ii) Covalent Radii

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 between the two atoms 'A’ and 'B' is the average of the lengths
'‘A-A'and'B-B'.

Distance between nuclei |

d
A ' >| B Nucleus

Covalent radius(r)= -2

Covalent radius of H; =%

Fig. 3.5 Covalent Radius of Hydrogen molecule
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Examples of halogens
Intermolecular distance Covalent Intermoleculardistance  Covalent

(bond length) radius (bond length) - radius
. 228 pm 114 pm
143 pm 72 pm e : :
F,

100 pm 133 pm

fig. 3.6 Covalent Radii

3.2.2 lonization Energy or lonization Potential

When an electron is completely removed from the valence shell of an atom,
we say that the atom has been ionized. This process is known as ionization,
which needs energy. The process of ionization can be represented by the
following general equation, where A is any gaseous atom:

Atom,, _ ¥ _ Cation+ Electron

A, ey AL=vE

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. Ionization energy of an element is measured
experimentally in joules or kilojoules per mole.

For example, the first ionization energy of sodium and magnesium is
represented by the equation:
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Ng, =% , Na'y, +€  LE = +496k)/mol
Similarly,
Mg, —=p Mgy +€ LE=+738k/mol

The above two values for sodium and magnesium 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

LE = +1450k)/mol

757 zierzssi 2856
11815 14849 3660

8 O F | Ne
e T2 YN
1086 1402 | 1314 1681 2081
3388 3374 3952

4621

| 16s | St I 45?ai saﬂn"l' 6050 ‘ 6122
| | .-

e SO TR T RS e een

| ] N | Mg [ A [ si | p ] s alw|

38 4% | 738 578 | 787 | 1010 1000 1251 1521

IE2 4562 | 1451 | 1817 1577 | 1903 | 2251 | 2297 2666

B eenz| 7 2745 3232 2912 | 3361 3822 3931

Itis observed that ionization energies of atoms depend upon several factors.

These are,

() Atomicradius ofthe atom
(iNuclear charge of the atom

(i) Shielding effect of low lying electrons

(iv) Electronic configuration of the atom

NQT FOR SALE
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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 have
maximum ionization potential and the elements at the bottom of the group
have 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 (k)/mol) of the representative elements

H 5 ) He
m—rt Qe 4 f 410 YN\ A
1312 L) WUW\J A2
Li Be B C N 0 F Ne
520 | 899 a0l | . 1086 | 1402 | 1314/| 1681 | 2081
Na Mg Al Si P S, “iE) Ar
496 | 738 | 578 | 786 | 1012 | 1000 | 1251 1521
K Ca Ga Ge As Se Br Kr
419 590 579 762 047 941 1140 | 1351
Rb ; Sr In Sn Sb Te b ki
403 | 549 558 709 834 869 1008 | 1170
Cs Ba TI Pb Bi Po At Rn
376 502 589 716 703 812 | 1002 | 1038
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Which atom in each of the following sets has the largest ionization energy?

(a)K.Ga,Se (b)0,5,Se  (c)In, As, C| '

Solution '

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

(b) O (Theionization energy gets smaller as we go down the group.)

(€) Cl (The ionization energy gets larger as we go to the right and as we
goup.)

Practice Problem: 3.3 S

— i, =i e —_— - s : -_-'_p |--~.' - —— l-.
I R N TR (R Pl s
VATl ol g L U e s =3 || ey L 1

P

Electron diagrams for some of the Group-I elements

» Use a periodic table, to complete the last two diagram for sodium (Na)
and potassium (K).
« What do you notice about the number of electrons in the valence
- energylevelin each case?
» Explain why elements from group-I are more reactive than elements
from group-II of the periodic table (Hint: Think back to ‘ionization

energy’).
NOT FOR SALE
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3.2.3 Electron Affinity (E.A)

Electron affinity means love or attraction for accepting electron. All these
elements in the periodic table possess varying tendencies towards the
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 through
attractive force. This causes an evolution of energy. Thus, the electron affinity

of the atom is measured in terms of energy.

The minimum amount of energy released when an electrun is added to
gaseous atom of an element in its outermost shell to form an anion is called
electron affinity. It | IS represented by E.A. It is assigned negative values and
expressed in KJ.mol ™. For example,

O, *8 s Iy EA=-3488 ki/mol
The energy released by the addition of the first electron is called the first
electron affinity; the energy released by the addition of the second electron
is called the second electron affinity. By addition of the first electron, the
energy is released, but the addition of the second. electron requires the
absorption of energy. This energy is required to overcome the electron -
electron repulsion. For example,

- 1
O +e O | o
Oy Y i EA.= -141.0 ki/mol
O + e 0° I
G.7) —— EA.= +844.0 kJ/mol
' (2,8)

Factors Affecting the Electron Affinity '
Following factors affect electron affinity. | |
(i) NuclearCharge
(i) AtomicRadius
(iii) Shielding Effect
(iv) Electronic configuration

()
NOT FOR SALE



https://www.perfect24u.com/
https://www.perfect24u.com/

M
. 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
(3) The Electron Affinity in Groups

When we move in 3 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 nucleys and valence
electronsis reduced. Therefore, the tend ency of taking electron is decreased.
(b) The Electron Affinity in Periods _

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 electron is increased.

Table 3.4 | —Trends of elegtran affinity

NOT FOR SALE
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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 shells increases between the nucleus and the
valence shell, shielding effect will be increased and there will be more
protection of the electrons from the attraction of the nucleus. So, the removal
of the electrons from the outer most shell is easy. Therefore, shielding effect
has a direct impact on the atomic radii, ionization potential and electron

affinities of the elements. b Tt |
The inner electrons shield the: outer electrons from the nuclear charge and

reduce the hold of the nucleus on these valance electrons. This effect is called

shielding effect or screening effect.”
Trends on shielding effectin the periodic table

(a) Shielding effectingroups |
'When we move in a group from top to bottom, the shielding effect are more |
offective 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 decrease in the ionization energies and

olectron affinities of the elements down the group.
(b) Shielding effectin periods
| When we move in a period from left to right, the atomic number increases.

Shielding
increases
(o)
N
Lithium Sodium . Cesium

Fig. 3.7 Shielding effect trend in first group

Cl
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The 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 ﬂfdlﬁErEﬂt eiectmneganwty itis
said to be a polar covalent bond e.g. HCI.

Factor Affecting the Electronegativity -

Following factors affect electronegativity of elements.

(i) Nuclear Charge: Greater the nuclear charge, greater will be the electro-

negativity. When we move in period from left to right, the nuclear charge
increases, so the electronegativity increases. -

(1)) Atomic Radius: Greater the atomic radius, lower will be the

electronegativity. When we move in a group from top to bottom, the atomic
radius increase, so electronegativity decreases.

s
(ii) 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 ele-ctruhegativity will be lower,

(iv) 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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Therefore, their electronegativity is very low.
Beside this the electronegativity values also depends to some extent on
+ the nature of the combining atoms
+ the atomic volume of the combining atoms
» thevalue of electron affinity and
« thevalue of lonization potential.

Pauling calculated the electronegativities values of the elements. For this
purpose, he developed a scale from bond energies of diatomic molecules.On
this scale the electronegativity of Fluorine is 4.0 which is the highest of all the
periodic table elements, Oxygen is 3.5 and the electronegativity of Cesium is
0. 7 whlch s the Iuwest )

Yuurs elf T

e |

» The Ieast e_ectmnegative element is Cs (0.7), can you guess where is it
located in the table?

« Canyoutell, elements of which groth have the hlghESt electrﬂneg‘atwlty
- values?

Trtnds in Electronegatiwty valuesin the Pmodic 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 electrons. The new inner shell increases the shielding effect and decrease
the electronegativity. |

(b) Electronegativity in the Periods

In the periods, the electronegativity increases as we move in the periods

- from left to right. The elements at the left of the period have minimum
electmnegatwfty while the elements at the extreme right of period, have
maximum electronegativity. This may be attributed to the decreasing atomic
size and increases nuclear charge due to the addition of electrons in the same
shell.

NOT FOR SALE '
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It can be concluded from the ahove discussion that the elements located in
the upper right corner of the table will be the most electronegative elements.

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

Solution :
Set (b) is in the same period (2); set (a) is in the same group (VA). Set (a) has
the more similar chemical properties because these elements are in the
same group.

B
=.

= ] | .': _;“': " .- ?— ,'-_'."..'. LJ.E, | : :-:- s
im (Se) or to chlorine (Clyinits

= -
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Periodic Table and Periodicities

e

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,

Depending on outermost electrons and electronic configuration, element
In periodic table is grouped in s, P, dand f blocks elements.

Transition elements are those elem ents which show variable va lency.

Lanthanjde‘; series are those elemants which come after |a nthanum in 6"
period. r | | N

Actinide series are th,nse_ elements which come after Actinium in 7
period. |

a certain interval, are called the periodic properties and this repetition of

propertiesis called period icity of properties .
The distance between the nucleus 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 or ionization energy.

‘The minimum amount of energy released when an electron is added to

gaseous atom of an element in jts outermost shell to form an anion is
called electron affinity. '

Shielding effect is greaterin atoms with greater number of electrons.
Electronegativity increases along a period and decreases down the group.

NOT FOR SALE
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Choose the correct optlon -

(i) Which ofthe following elementsisin the same family as fluorine:
(a) silicon (b) antimony
('c]’igdine ; (d) arsenic -

(ii) Which of the following would have the smallest ionization energy:

(33{ (b) P :
(©)S | (d)Ca

(iii) Anelementhas configuration 2, 8, 1.Itbelongs to, =
(37 groupland Il period (b) groupIllandI period

(c) groupland VI period (d)group VIl and Il period
(iv) Which of the following elements would be most similar to carbon:

(a) nitrogen (b) boron
(c) oxygen h‘fhcan
(v) s=blockelementsare -
(Aymetals (b) non-metals
(c) metalloids (d) transition
(vi) Which of the following would have the largest ionization energy:
(a)Na ; (b) AI -
(QH (d
* (vii) Elementsin a haye simiiar chemical properties:
(a) period (b)group
~ (0)both a and b ~ (d)neithera nor b
(viii) An element has 8 electronsinits valenceshelkItisa member of’
(a) alkali fami'y (b) halogen family
(c) noble family,~" (d) carbon family
(ix) The ern periodic tableis basedon:
(3] atomic number (b) mass number
(c) neutron number (d) isotope number
(x) Shielding effect is due to:
(a) neutron (b) Proton

(c) protonand neutron (d) electron

&
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Periodic Table and Periodicities

SHORT QUESTIONS

Alﬁf_werbrioﬂy the following questions.
(i) )Nhich element of groupIA is not an alkali metal and why?

(ii) Place the following elements in order of increasing ionization energy: Na,
/S Mg and Ar.

(iii) Name the group and state the group number of each of the following
elements:

@K (®Ne  (@Be  @C  (ecC

(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
acrossa period and down a group? _ _
(vi) Which-element is foundiin, | | e R
(a)Period 2, group VIL
(b) Period 4, group I
(c) Period 5, group VI
) Period 1, group VI

(vil)” How will you differentiate between representetwe and transition
/elements'?

(viii) Make a general sketch of the periodic table shewmg s, p, d and f-block
1/ elements (without shﬂwmg the symbols of eIements}

(ix), Why the s-block elements have two groups only?

(x) What type of element is Sulphur (S), a representatwe element, a

transition element or Ianthmrde element?
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Periodic Table and Periodicities

LONG QUESTIONS

(1 How modern periodic table is different frorn the Mendeleev's
periodic table? '

(ii) Differentiate between atomic radii and covalent radii. Explain the
S)/(ren_ds of atomic radius in the periodic table.

iy  Whatis electronegativity? Identify the most and least electronegative
groups of elements in the periodic table. Why is fluorine special in
terms of electronegativity?

(iv) Define shielding effect and draw its affects upon the ionization
energy, electron affinity and electronegativity.

(v)  Explain the following terms.
“(4) Periodicity of properties
(b} Electron affinity |
Ac) Modern periodic law

Project Work

——

Prepare a report tracing the evolu
1900. Cite the chemists involved and their n
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After stud ying this unit, the students will be able to;

-

-

« Find the number uf valence electrons in an atom using the Penndlc

Table.

. Descnbethe Importance of noble gas electronic canf guratlons

- Explair H&memmm:@
Descnbe the ways in which bonds may be formed.

State the importance of noble gas electrontc configurations in the
~ formation of ion. '

E}escnbe the formation of cations frﬂm an atom of a metallic element.

Describe the formatmn of amans from an atom of a non-metallic
element. |

Describe the characteristics of an ionic bond. .
Recognize a compound as hawng ionic bonds.
[dentify characteristics of ionic compounds.

Describe the fnrrnatlan of a covalent bond between two non metallic
el&ments

Describe with examples single, double and triple covalent bonds.

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

911
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Structure of Molecules

Introduction

When you look around, you will find hundreds of things that are found in the
combined state. These things combine with each other in number of ways.
The attractive force which keeps the atoms together in 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.

In first unit, 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,, O, while molecules of compounds are made up of different
kinds of atoms e.g. H,O , 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 toa cold
body. Why is it so? This happens because both water and electricity are trying
to decrease their energy. Atoms, in 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 b},r
combining with other atoms and form a chemical bond.

There are two concepts, which explain the chemical bonding,

i. Thevalence concept and
ii. The Orbital concept

4.1.1 The Valence Concept (Electronic Theory of Valence)
In 1916, 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
or sharing of electrons, so as to attain the inert or noble gas electronic
configuration.

=
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AL Structure of Molecules

When atoms have two or eight electrons in their
outer most shell, they are stable. The electron theory
of valence can be named as the Octet or Duplet
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 |
(O) atom has six electrons in their valence shell. It

shares or gains two electrons in its outer most shell and attain the stability by

completing.its outermost shell with eight electron. This is also known as the
Octetrule or rule of eight.

(b) Duplet Rule or Rule of two

Helium hasg 2
electrons in the
outermost shell.

These atoms have 8 electrons
in the outermost shell.
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Structure of Molecules

compounds. Their stability comes from their completely filled outermost

shells.

Except for helium that has two electrons in the outermost shell, all other
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).

4.1.2 The Orbital Concept

This concept is based on the combination of atomic orbital to produce
molecular orbital. The atomic orbitals have oné electron. These orbitals when
come close to one another, they overlap each other. This overlapping is

sither endwise or sidewise. Endwise overlapping produce sigma bond and
cidewise overlapping produce pi-bond.

W
p——

Valence Electfons r

ThE’BlBCtEDHSPTESEIﬂIn the gale?ce sﬂﬁ% Enago
electrons. The electrons which take pa in bond form:

bonding electrons and the electrons whichdo not take part i‘ﬁ"tﬁﬁfb@a
are called thenon bonding electrons. | ' :

valence Shell . 2,
The outer most chell of an atom where the loss, gain or sharln*.l of |

electrons takes place during a chemical reaction.

ding

|

4.2 Chemical Bond
When elements react toforma 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 Of
all of the bonds are broken down.

4.3 TypesofBonds

There are four types of bond,
1. lonic bond 2 (Covalentbond

3. Dative Bond urCn-GrdinatﬁCwalentBnnd 4. Metallicbond

@

o
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Structure of Molecules

4.3.1 lonicBond

The chemical bond which is formed due to the complete transfer of
electron(s) from one atom to the other atom is called ionic bond or

metal. Metals always lose electrons to torm 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 3 negatively charged particle. Due to

electrons to form ananion.

(i) Formation of Sadium Chloride (Nac)

Sod lummaﬂandglbﬂ’nre (Chcombine to give Sodium Chloride (NaCl).
The atomic number of Sod um{Na)is'11".

Na — Na*' 4 ¢

The atomic number of Chlori ne(Cl)is'17'
Its electronic configurationisK=2 | = 8M=7

[t is clear that Chlorine (Cl) needs one electron o complete its outer most

force of attraction is set Up between Na' and CI” ions. This force unites these
Ions in a crystalline lattice. In this way, an ionic bond is formed between Na*
and Cl ions, which results In the formation of sodium chloride,

NOT FOR SALE
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Structure of Molecules

» NaCl
[li

Na

Sodium atom Chlorine atom Sodnum ian Chlnnne jon
(a cation) (a anion)

Sodium chioride (NaCl)
11e
Loses an
__electron

Neutral Na \'

atom @

Gains an
electron

Neutral Cl 3

Fig. 4.2 Formation of NaCl compound

(i) Formation of Calcium Chloride (CaCl,)

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 lose
two electrons to attain the inert gas electronic configuration of Neon. Sothe

Calciumion (Ca")is formed.

Cay002 ~ — Caggq +2€
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Structure of Molecules

Chlorine (Cl) needs one elf;'ctrnn to complete its outer most shell. It has the
tendency to gain one electron to attain inert gas electronic configuration of
Argon. So it form Chloride ion (CI").

. Cl-, . +#" - Cl

28,7 : 148

One Ca** and two chloride ion .(C’.I" ), which results in the formation of Calcium
chloride (CaCl,). ]

Ca: . D CF ity CACL;
Fig.43  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 AICl; molecule.

-

Yourself. S

- —

1. a.Inwhatways do atoms formions?
b. Why do atoms form ions?

2. lonicbonds are formed between which two types of elements?

3. State the formula of the ions formed by the following atoms
a.Calcium (2,8,8,2) b. Fluorine (2,7)
¢. Lithium (2,1) and d. Oxygen (2,6) .

. Draw adiagram to show the ionic bonds in magnesium oxide (MgO)and

Magnesium chloride (MgCl,).
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Structure of Molecules

4.3.2 Covalent Bond

We have learnt that molecules of elements are made up of the same kind of
atoms. An example is a molecule of hydrogen, made up of two hydrogen
atoms 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 transferring electrons, the two
atoms form bonds by sharing of electrons. A covalent bond is formed when
two atoms are joined together by sharing of electrons. Generally speaking,
covalent bonds are formed between two non-metals elements.

H. =1 =4 H—H _
+ ———.

H-#-H=—>:H,
Fig. 44 __ “Formatiog of rr&)l&;;ulé ofthydrogen

G. N. Lewis proposed that two atoms could attain stable electronic
configuration by sharing electrons between them. The shared pair of
electrons is represented by a dash (—) between the two bonded atoms. The
shared pair of electrons remains between the two bonded atoms and are
called the localized electrons. The bond which is formed by the mutual
sharing of electrons is called covalent bond. For example, Hydrogen
molecule (H,) Oxygen molecule (O,), hydrochloric acid (HCl) etc.

Covalent bond
. (strong)

NOT FOR SALE
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Structure of Molecules

Glue isa suhmarm t&a‘t allnm tmr surﬁces to be bonded togethefr The term is
c sed interchangeably with *a‘dheswe An adhesive holds materials
tageﬂler. Tharenre dﬁﬁemnt types of adhesive e.g. cement, glue etc. There are

‘many natural and s;.rntheﬁc adhesi “ﬁ useé hdimmsm also be used as
maﬂngsaﬁthe irfaces that are subjected to corrosion and rust. Adhesives are
also used in many mpmr appil@m Thﬁse atemnmﬂnly used to fix broken
dishes and to make other repairs that would be impossible or difficult by other
means. This can also prmde nmpmve;d mechanical strength. A popular
application of adhesives is to encapsulate e ctronic components, providing
+pmteehﬁnfwmaﬂtcarnpanemagamst“: - -u_'_lazﬂmedwamcaldamage '

Draw an electron dot and cross diagram for HCl. Label the single bond
pair and the lone pairs.

Solution

X T '€1> lone pairs

Single Bond

4.3.2.1 Types of Covalent Bond

The covalent bond is further divided into three types.

i. Single Covalent Bond:

The bonds in which two atoms share one electron each to form a pair of

electrons is called single covalent bond. A single straight line (=) ShﬂWS the
single covalent bond. For example, H,, Cl,, F; etc.
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DM Structure of Molecules

(a) Chiorine (C1,) i

Chlorine molecule is formed from two Chlorine atoms. The Chlorine atom
electronic configuration is (2, 8, 7). A Chlorine atom has seven electrons in its
valence shell. The two Chlorine atoms mutually shares one electron with
each other to form chlorine molecule (Cl,) . Therefore, both Chlorine atoms
attain inert gas (Ar) electronic configuration and complete their octet.

Cl=2 8.7 Cl=2287 Cl— (I

©-O-C

g [P P

Fig. 46 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
electrons to attain the noble gas (Ne) configuration. Therefore, four atoms of

hydrogen mutually share one electron each with 2 carbon atom to form a
molecule of methane. e

Fig. 47 Molecule of Methane

NOT FOR SALE
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ii. Double Covalent Bond

The bond in which two atoms share two electrons each to form two pairs of
electrons is called double covalent bond. A double straight line (=) shows .
such a covalent bond. For example, O,, C;H,, CO, - €tc.

(a) Oxygen (0;) |

Oxygen molecule is formed from two Oxygen atoms. The Oxygen atom
electronic 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 (O,). In this way, both Oxygen atoms attain inert gas (Ne)
electronic configuration and complete theiroctet.

Fig. 48 Molecule of Oxygen

(b) Carbondioxide (CO,)
Similarly, in carbon dioxide, carbon atom shares four electrons with two
oxygen atoms and form two double covalent bonds.

0=26 C=24 O
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(iii) Triple Covalent Bond
The bond in which two atoms share three electrons each, to form three pairs

of electmns is called triple covalent bond. A triple straight line (=) shows a
covalent bond in which total six electrons are shared. For example, N,, CH;
&1c.

(a) Nitrogen(N,) :
Nitrogen molecule is formed from two Nitrogen atoms. The N itrogen atom

electronic configuration is (2, 5). A Nitrogen atom has five electrons in its
valence shell and it shares three electrons with another Nitrogen atom to
form nitrogen molecule. In this way, both Nitrogen atoms attain inert gas
(Ne) electronic configuration and complete their octet.

N=25"%. - CN=38 N= N
@ +®
N /N = . A

Fig.4.10 Molecule of Nitrogen

L] LS

bonds depends upon the differences in e‘ler:trunega'tiirity of the bonding
atoms. If this difference is more than 1.7, electron transfer will occur and |
lonic bond will form. If the electronegativity difference is less than 1.7,
electrons will be shared and covalent bond will form.

m— —e e = ; —
i | y = - .

Chmmfﬂﬂﬂwmgsubstanmagjmﬂh@wﬁﬁt ." 7=

R -
. L ) - .
i
T - '— i — ol
- - .
i1 ! - g [ X
- e " - -
| - B

=

NOT FOR SALE I:

g


https://www.perfect24u.com/
https://www.perfect24u.com/

Structure of Molecules

| EXAMPLE: 4

Which one of the following is (1) uncombined atoms (2) molecules (3) and
consist of ions?

(a) O, (b) Ne (c) NO, (d) KCl (e) Na,0

Solution |
(a) O, consists of molecules. (b) Ne consists of uncombined atoms.
(€) NO, consists of molecules. (d) KClis ionic.

(e) Na,O consists of ions.

4.3. 3 Co- ordlnata Emrahnt Bond or Dativa Bund

As defined above a covalent bond is fermed between two atoms, when they
share valence electrons with each other. In.some compounds, it is observed
that electrons shared for the formation of covalent bond between atoms do
not come from both bonding atoms, the pair of electron is donated by one of
the bonding atoms only. This type of covalent bond is called co-ordinate

-covalent bond or dative bond. The covalent 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 cnmpuunds For example,

(i) Ammonium ion (NH‘ )

In ammonia molecule, the Nitrogen atom is bonded to three Hydrogen
atoms. There is still one unshared pair of electrons with the Nitrogen, an

NOT FOR SALE
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L Structure of Molecules
electron rich species. The Hydrogen ion (H") is electron deficient sp&dies-.
Therefore, Nitrogen donates this lone pair of electron and the Hydrogen ion

- accepts this electron pair, forming the Ammonium ion (NH,"). |

H H H +

oo | |
H—'Nﬂ — H—Ni:> H — | H— f|\|=—*H
l I
H | H H

Fig.4.11  Structure of Ammonium

(i) 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 BCly which accepts it and forms the

addition compound.
Cl H
Cl H
CIEE‘ + =:ISI§H . CI—IISAP!I—H_
a H | |
Cl H
Cl H

Cl——éﬂr =I*I~l———-H - —'—J

&

Fig. 4.12 Structure of Addition compound 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,5.
Solution |

Answer:.

Yourself. S

= ———

1. a.which group of the elements form covalent bonds?
b. How is a covalent bond formed between two atoms?

2. How many electrons are sharedina,
a.Single bond b. double bond

3. Draw a 'dot and cross' diagram to show the bonding in each of the
following molecules:

a. Chlorine, Cl, b. Hydrogen chloride , HC
c. Ammonia, NH,
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Structure of Molecules

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, having similar electronegativities is called non - polar
covalent bond. For example, H,, Cl;, Br, etc. In such cases, both the atoms
attract the shared pair of electrons equally. So opposite poles are not created
in these bonds.

h Hydrogen, H,

Fig. 4.14  Non- Polar bond in H, and Cl, molecules

(ii) Polarcovalent bond

The covalent bond which is formed by the mutual sharing of electrons
between atom, having different electronegativities is called polar covalent
bond.

Consider the "HCI' molecule. There is single covalent bond between 'H' and
'ClI" atoms. As the electronegativity of Chlorine atom is greater than the
electronegativity of Hydrogen atom. Therefore, the shared pair of electrons
between 'H' and 'ClI' atoms is attracted more towards 'CI' than Hydrogen
atom. Hence, a partial positive charge is produced on Hydrogen atom and a

NOT FOR SALE
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partial negative charge is produced on Chlorine atom. S0 opposite poles are
formed in H— Cl molecules and the bond is called a polar bond.

Fig.4.15 Polar bond in HCl molecule

Other examples.are H,0, NH,, etc.

@) G&%b 5 %

Fig. 4.16 Polar bond in H,0 and NH, molecules .

w
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1. | Ammonia Lo
2, | Water

Hydrogen chloride
4. | Nitrogen
5. | Oxygen
6. | Methane
7- | Hydrogen
8. | Phosphine
9. | Sulphur dioxide
10. | Chlorine

4.3.5 Metallic Bond

There are many metals present in the periodic table, e.g. Aluminum (Al) silver
(Ag), Copper (Cu), Platinum (Pt) etc. Metals are formed from atoms not
molecules. For example, a sample of pure gold is formed of gold atoms. The
atoms in metallic solids are bonded tightly to each other. These bonds are
neither ionic nor covalent because they are neither formed due to electron

transfer nor due to sharing of electrons between the atoms. In metals, we
deal with different kind of bond called metallic bond.
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The metallic bonds cannot be o
explained on the basis of ionic, s .-
covalent bond or Van der waal's S
forces. There are various theories, .
which explain the metallic bonds. .'
The metallic bonds can be -.-
explained on the basis of electron R f®
sea or electron gas theory. Atoms .
in metals are bonded with each '.' '.'

other in such a way that every *a*@*@°'2°'@°'@°'@°
atom is attracted from all sides by _ 9.... ...... .. ..
other atom. Fig. 417 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 a sea of electrons around
the metal atoms, which are held together in a metal lattice (figure 4.17). The
chemical bonding that result from the attraction between metal positive ions
and the surrounding sea of electrons is called metallic bonding.

Identify ten common substances in and around your home and indicate

whether you would expect these substances to contain ionic, covalent or
metallic bonds. '

Shapes of Molecules

Molecules are extremely small 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 CO, is linear, the water molecule is
angular, BF; has trigonal planner, CH, is tetrahedral and NH; is trigonal
pyramidal.
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BCl,
co,
180°
Linear Trigonal planar
H,0 CH,

& -
109.5°

Bent(Angular) Tetrahedral Trigonal pyramidal

Fig. 4.18 Shapes.of CO, -850, BCl, 4 HyO, CH, and N#H:
44 IntermolecularForces | ‘

The forces of attraction between the molecules of a compound are called
intermolecular forces.

Intermolecular forces are the weaker forces of attraction. It is 25 times
weaker than the covalent bond. For example, in H,O molecules, it requires
464 kJ.mol” to break the H — O bonds within a water molecule and needs
only 19 k).mol " to break the intermolecular forces between water molecules.
The intermolecular forces are much weaker among the molecules of gases,
Whereas, they are stronger in the molecules of liquid and much stronger in
solid substances. The melting point of solids and boiling point of liquids
depends on the strength of these forces.

The intermolecular forces are of three types and collectively called Van Der

Waals forces. We will discuss here two such types of forces, whereas the third
type will be discussed in higher grades.

110
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Structure of Molecules

4.4.1 Dipole - Dipole 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, NH; and HCI.

Hydrochloric acid (HC) 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 5(-) 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 between adjacent
HCl molecules. The dipole-
dipole interaction in HCI is
relatively weak; only 3.3 kl/mol
energy is required to break that
interaction. The force of
attraction between HCI
molecules is so small that
Hydrogen Chloride (HCl) boils Dipole-Dipole Interaction
at-85.0°C.

Fig. 419 Dipole-Dipole Interaction

4.4.2 Hydrogen Bonding

Molecule in which hydrogen is covalently bonded to very electronegative

~ atom such as Fluorine (F), Oxygen (O) or Nitrogen (N). An appreciably strong
positive charge is thus developed on the hydrogen atom due the large
difference in their electronegativity values with other atoms.
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As a result,strong force of attraction
Is created when this positively
charged hydrogen atom of one
molecule is attracted by Fluorine (F),
Oxygen (O) or Nitrogen (N)
belonging to a neighbouring
molecule. This force of attraction is
called hydrogen bonding.

A hydrogen bond is the attractive
force between the highly electron
deficient hydrogen atom and
nearby highly electronegative atom
with lone pair of electrons such as F,
O orN.

EXAMPLE: 4.4

Which of the following form hydrogen bonds?
@HF  (b)CH, (c) HEBr (d) NH," (e)H,
Solution _
a) HFwill form hydrogen bonds because it has (1) hydrogen atom; (2) a
~small, highly electronegative atom; and (3) at least one free pair of
electrons on that atom. |
b) C,H, will not form hydrogen bonds because, the carbon atoms have no
lone pairs of electrons to bond with hydrogen atoms from other
molecules.
¢) HBrwill not form hydrogen bonds, because the bromine atom is too large
and not electronegative enough.
d) NH," byitself cannot form hydrogen bonds because it has no lone pairs.

€) The covalent bond in H, is a chemical bond, not the intermolecular force
called hydrogen bonding,

NOT FOR SALE 'i
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Structure of Molecules

IEpoxy is polymer that is formed from two different chemicals. These are
referred to as resin and the hardener. Epoxy adhesives are called structural
adhesives. These high performance adhesives are used in the construction
of aircraft, automobiles, bicycles, boats and golf clubs, where high strength
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 setting. 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 resins represents some of |
the highest performance resins of those available at this time. Epoxies
generally out- pﬂrﬁ:rm most other resin types in terms of mechanical
| properties and resistance to-environmental degradation, which leads to
their almost exclusive use in aircraft components. As a laminating resin their
increased adhesive properties and resistance to water degradation make
these resins ideal for use in applications such as boat building. Epoxies are
widely used as a primary construction material for high-performance boats
or as a secondary application to sheath a hull or replace water-degraded
polyester resins and gel coats.

) Application of Hydrogen Bonding

These intermolecular forces are extremely important in determining
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 developed due to hydrogen bonding. Synthetic resins also

bind two surfaces together by hydrogen bonding or dipole-dipole
interactions.
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Structure of Molecules

(ii) Properties of Hydrogen Bond
.. Hydrogen bond is stronger than Dipole-Dipole forces but weaker
than covalent bond. It is about twenty times weaker than covalent
bond and ten times stronger than the dipole -dipole interaction.
il. Hydrogen bond is directional.
iii. Hydrogen bond forms long chains and helps in the formation of
network of molecules.
4.5 Nature of Bonding and Properties
The nature of bonding and properties of different compounds, are briefly
given below.
4.5.1 Properties of Ionic Compounds
Ionic compounds are formed by the strong electrostatic force of attraction

between the two oppositely charged ions. Some properties of ionic
compounds are following.

I Solid atroom temperature.

ii. Having sharp melting and boiling points. -

lii. Soluble in polarsolvents likewater. |

Iv. Good electrolytes in molten orsolution form.

v. Non-directional bonds in ionic compound.

vi. Having reactionsin molten state orin solution form.

vii. Compounds are composed of cations and anions in crystalline form.

Scientific Imformiation

The greater the charges on the ions of an ionic compound, the higher will be its

melting point. For this reason, the melting point of magnesium oxide is 2800°C, so
It can be used as refractory material for lining of furnaces.

4.5.2 Properties of Covalent Compounds

Covalent compounds are also called molecular compounds, the properties
of covalent compounds depends on,

.. Geometrical shape of molecules.
il. Polarity and intermolecular forces among molecules.
lii. Bond type, whethersingle, double or triple.
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Structure of Molecules

‘Some of the important properties of covalent compounds are following.
i. Covalent compounds have low melting points and boiling points.
ii. Covalent compounds are non electrolytes in their solution form.
iii. The bonds in covalent compounds are directional.
iv. The crystals of covalent compounds are composed of molecules.
v. Reactions of covalent compounds are slower than the ionic
- compounds. :
vi. Polar covalent compounds are soluble in polar solvent like
water(H,0), Alcohol, etc. while non- polar covalent campnunds are

soluble in non-polar solvent like benzene (C,Hy), Acetone (C, H.0),
carbon tetrachloride (CCl, ) etc.

4.5.3 Properties of Metals
Atoms of metals are held together by special type of bonds called metallic
bond.
Properties of metals result from this type of bonding are listed below.
i. “All metals are solid at room temperature and pressure. except
Mercury(Hg} *
ii. Metals are malleable; they can be beaten into sheets and foils.
iii. Metals are ductile; they can be drawn into wires as shownin fig. 4.21.
iv. Metals are good conductors of heat and electricity.
v. Metals are lustrous; they have shiny surfaces.
vi. Metals are sonorous; they produce specific ringing sounds when
struck.

Fig. 421 Copper wire
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Structure of Molecules

——

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

Correct name for One use that depends

can be drawn into wires

can be bent into shape
reflect light

make a ringing sound when
struck

allow electricity to pass
through

heavy for their volume OGOt

transfer heat well
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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 complete transfer of
electron(s) from one atom to the other atom is called ionic bond or
electrovalent bond.

The bond which is formed by the mutual sharing of electrons is called
covalentbond. |

Cmﬁa’tentbﬂh@ rﬁaybé smgie double ortriple.

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 different atoms.

A non — polar covalent bond is formed by the mutual sharing of electrons
between similar atoms.

The chemical bonding that result from the attraction between metal
atoms and the surrounding sea of electrons is called metallic bonding.
Structure of CO, 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 between 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.
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Structure of Malecules

Choose the correct option.
. An atom with a charge is called:
a. anelectron b. a molecule

C. ametal & anion
. An element X is in group VI of the periodic table. The ion will be

represented by: e
a. X b.X
. X d.X" |
. Which pair of elements will join to form a compound with one to one
ratio:

a. Magnesium and Chlorine b. Sodium and Oxygen
¥ Potassium and Fluorine  d. Lithium and Sulphur

iv. When calcium atom becWaicium ian{CaQ):

a.itloses an electron b’r‘t’fﬂses two electron

c.itgains electron /d.gainstwo electrons
v.LWhich two elementsiwill form@ covalenteompound:

a.Sodium and Oxygen b.Copper and Oxygen

c.Carbon and Oxygep~~ d.Magnesium and Oxygen
vi. In the formation of an ionic bond, the atoms taking part:
a.only gain electrons b. share electrons
c.loseand gain ofelectrons  d. onlylose electrons
vil. Fluorine has an electronic configuration 2. 7 and Oxygen 2, 6. The

formula of fi uarinyx&ﬁe will be:
a. FO b. EO C. FOE d'FEOZ

vill. Which of these statements about covalent bonds is incorrect:
a. HCl contains one pair of shared electron

b. CCl, contains four pairs of shared electrons
o~H,0 contains three pairs of shared electrons
d. NH; contains three pairs of shared electrons
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IX.

X.

Structure of Maolecules

Which of the following ions do not have the electronic configuration
ofanargonatom? , "
a.Ca” b.S” ek d.0”
Which one of the groups below contains only ionic compounds?
a. Calcium Oxide, Hydrogen Chloride, Magnesium Oxide
b—Calcium Oxide, Magnesium Oxide, Sodium Chloride
c. Carbon Dioxide, Copper Sulphate, Hydrogen Chloride
d. Copper Sulpahte, Methane, Sodium Chloride

SHORT QUESTIONS

Answer briefly the following questions.

I
ii.
iil.
Iv.

What is electron-sea model of metallic bonding?

Why most atoms are chemically bonded to other atoms in nature?
Identify and define the four major types of chemical bonding.
Arrange the following from strongest to weakest attraction:
a.Covalentbond

~ b.Dipole- dipole interaction

VI.

Vii.

¢.Hydrogen bond

d.Ionic bond

Why ionic compounds are good electrolyte in molten and solution
form notin solid state? '

What types of elements/ atoms tend to form the following types of

bonding?

a.ionic b. covalent c. metallic

Give an example of a non-polar molecule with polar bonds. Give,
reasons.

viii.Predict the bond type (ionic, polar covalent, non-polar covalent) in

IX.

X.

each of the following:

d. CﬂCtE b. H 20 57 COE d.. CzH a4
Why ionic compounds are good conductor compared to covalent
compounds? |

Give the reason that why dative bond is always polar?

lE NOT FOR SALE



https://www.perfect24u.com/
https://www.perfect24u.com/

Structure of Molecules

LONG QUESTIONS

(i) Describe the octet rule in terms of noble-

gas configurations and
stability.

(if) (a). What is the main distinction between ionic and covalent bonding?
Explain you answer with suitable examples.

(b) How is electronegativity used in determining the ionic or covalent
character of the bond Ing between two elements?

(iii) Draw the Lewis structure for each of the following compounds:

a.Co b. HCI
.50, d. CCl,
e. BF, f.NH,

(iv) Explain why most metals are ".frnalle"*a'_ﬁiéfaﬁd‘dug'tﬁe buﬁnnic*ci'ysfals
are not.

(v) a. What is the meaning of the term polar,

as applied to chemical
bonding?

b. Distinguish between polar-covalent and non polar-covalent bonds.
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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 is increased it is then converted into gaseous state.
S0, it is considered mandatory that one should know the matter and its
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. '

cientific mformation T ——
There are more sates of mattef also. We are not as familiar ith them, nar do we
see them. every day. Suﬁhefmgf@tfnly in‘theory, others can b rep iced in
laboratories, some are so new that scientists are still ﬁmmtﬁwd@ﬂﬂm
others might exist, but have not yet been found in nature. These includs : plasmas,
lquid crystals, superfluids, supersolids and the paramagnet ERe = e

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 all direction with great speed. Gases are
restricted only by the walls of the container. Gases have no definite shape
and volume and occupy the whole volume of its container. '

5.1 Typical Properties of Gases

Some typical properties of gaseous state are following.

i. Indefinite Volume '

Gases have no definite volume and they occupy all the available space.
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Physical States of Matter
ii. Indefinite Shape

Gases do not have shape but take the shape of the container in which it is
placed.

jii. Diffusion

Diffusion describes the movement of molecules from a region of higher
concentration to a region of lower concentration. In other words, the
molecules tend to move from a more crowded region 10 a less crowded
region. Once the molecules become evenly distributed throughout the
medium, there will be no netdiffusioninany partic;ulardirectiun.

Gas molecules are in constant random motion. Because of this motion, the
gas molecules diffuse very quickly and form a homogenous mixture. The
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 of the room, soon its smell will spread in the whole
room. Similarly, a volatile liquid (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 a lighter gas can
diffuse much faster than a heavier. ‘

|

Molecule from
perfume

Nitrogen molecule
in the air
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Physical States of Matter

iv., Effusion

When a gas is allowed to pass through a hole of the size of 3 molecule, only
one molecule at a time can pass through the hole. The escape of moleculesin
the gaseous state one by one without collision through a hole of molecular

~dimension is called effusion. You can smell the onions even when the bag is
tightly sealed, due to effusion.

Fig. 5.2 Effusion of onion’s smell Fig. 5.3 Effusion of gases

Invert a jar containing reddish brown
coloured bromine vaopurs, over a jar of -
air. The reddish brown colour spread

inside the jar of air.

Point to Ponder
: Why a gas filled balloon floating up in the room, comes down after a day or twn.!

124
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Physical States of Matter
v. 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
container. Force (F) exerted by a gas on per unit area (A) of a container Is
called pressure (P).

P=F/A

The SI unit of fDﬂIéCE is Newton and that of area is m’. Hence, the SI unit of
oressure is N.m . It is also called Pascal (Pa). Pascal is very small unit in
pressure measurement, usually its bigger form s kilo Pascal (kPa) is used.

At sea level at 0°C, the atmospheric pressure is 760 mm of Hg or 760 torr. It is
termed as one atmospheric pressure. S0,

1 atmosphere = 760 mm of Hg
=760torr (1 mmofHg =1torr)
=101.325kPa
-1,01325x10°Pa

vi. Comj li

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 as, the change in volume per unit
changein pressure. .

vii. Mobility
Molecules of the gases are in state of continuous motion because of the

weak intermolecular forces present between them. They move from one
place to another as they have weak intermolecular forces and empty spaces.

That is why, gases flow and can be transported through pipes over long
distances. -

viii. Density

Mass per unit volume is called density. Density can be mathematically
written as,

Denﬁty:-"l
v

.E - NOT FOR SALE
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Physical States of Matter

Itis clear from the above formula that density is inversely proportional to its
volume. The gases occupy all the space available to it because there are weak
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 a liquid 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 1.149g/cm’ at -103°C and
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
amountis governed by the following laws. '

The typical laws related to gases are,

5.2.1 Boyle's Law

In 1662, Robert Boyle described the relationship
between the Wolume and pressure of a gas at/
constant temperature. He observed that the valume
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,

er—l—
P

l
V= Kix -
P

PV = Kp

Where Ky, is called constant for Boyle's law.
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P,V, = P,V, =K, (at constant temperature)
Where, P, = initial pressure P, = final pressure
V, = initial volume V, = final volume

According to the above equation, the Boyle's law can also be defined as, the

product of pressure and volume of given mass of gas remains constant
provided the temperature is constant.

- Experimental Verification of Boylt 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 changed by increasing and decreasing the pressure. The volume
at various pressures is noted. In each case, the product of pressure and

volume remains constant at constant temperate and is found according to
the Boyle's law.

Society, Technology and Science - (RS S e

e the NG w explain their observation. For instance,
when a balloon is filled with air, it expar ds. A scientist would explain it by saying
that air molecules are free to move inside their container. There is no attractive or
repulsive force 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.

—
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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 is 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

ainjesadwa] jueysuoy =3

Increase in Volume

Fig. 5.6 Diagrammatic Representation of Boyle’s Law

[
|

T - :'..r o T2 B
. i Mﬁb = e e . e e = e i S e
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- | A530dm® sample of hydrogen gas was collected in a container at 800 mm

| of Hg pressure, at room temperature. What volume will the gas occupy at
400 mmofHg?

Solution:
V,= 530dm’ | - . P,=800mmofHg
V, =7 | P, = 400 mm of Hg
Applying Boyle's law, P,V. = P,V,
Or
v s
2 Pz
v 800mm of Hg x 530dn7
2 400mim of Hg
V, = 1060dm’

Caiadmw initial volume of a‘-shm;ﬂ:e of gas at 1.20 atm. If its volume is
changed to 70.4 cm’ as its pressure is changed to 3 atm at constant
temperature. =0 |

5.2.2 Charles's Law

In 1787, Jacques Charles's gave a relationship between volume and
temperature of a gas at constant pressure and formulated a law known as
Charles's law. This law states that, the volume of a given mass of gas is
directly proportional to the absolute temperature at co nstant pressure.

NOT FOR SALE
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Mathematically the law can be expressed as,
V o« T(atconstant pressure)

V=KT
v
?=KC s

Where 'K 'is called constant of Charles's law.

When the volume is changed from V" to V' by changing the temperature
from 'T,"to 'T,", then the relationship can be written in the following form,

V, V.
letal
L
Where, T, = initial temperature
T, = final temgerature

Vi, = initial volurre

V, =final volume
From the above equation, the Charles's law can be defined as, the ratio
between volume and the absolute temperature of the given mass of a gas is
constant at constant pressure. | |
Experimental Verification of Charles’s law
The apparatus 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
Charles's law. |
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Graphic Representation
1f the values of volume 'V is plotted against temperature 'T', a straight line is
~ obtained, which shows that the volume is directly proportional to the
- absolute temperature.

e — |
‘Fig 5.8 Graphic Representation of Charles’s Law
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Physical States of Matter
The Charles's law can be diagrammatically represented as,

(P)

Constant Pressure

\\.
Fig 5.9 Diagrammatic Representation of Charles’s law
If 3dm’ of air is heated from 300K to 400K at constant pressur&theﬂwlﬁt is
the volume of the gas at higher temperature? | | AVA
Solution:
V, = 3dm’ T, = 300K
V,=? T, =400K
i Vi _ V%
Applying Charles's law E.L |
V
Or V, = _TL . 'Ta
1
3dm? x 400K
V, =
300K
V,= 4dm’

NOT FOR SALE 'E
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Physical States of Matter

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 e
bottle/flask.
> Place the bottle/flask on the hot plate and allow j —
to heat up. Observe what happensto 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 1o 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
movesinto the balloon, causing itto expand. . - a
cnﬁdl.ljﬂ -\ | Lo\ L. TT U IBRAVE
The temperature and volume of the gas are directly related to each other.
As one increase, so does the other.

Liquid State

Liquid state is the state of matter in which the intermolecular forces of
attraction are stronger than gaseous state. 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.

5.3 Typical Properties of Liquids
Some typical properties of liquid state are,
(i) Volume and shape

Liquid has a definite volume but no definite shape that is why it takes the
shape of the container in which itis placed.

NOT FOR SALE



https://www.perfect24u.com/
https://www.perfect24u.com/

(i) Evaporation

and convert into the gaseous state. The conversion of liquid state into
gaseous state is called evaporation. We.can say that the phenomenon in
which a liquid is converted into its vapours without external heating is called
evaporation, -

B by i

- - = I
> £ ) i g S
. -

B ':F"_ '_\-_-'l -
) ! ’ 1 !
= I -
- Evaporation . |
a b . _Il:-_.__-l'j":“_,. - A I;-‘I? - g 7l " i . L |
' = LN - - . _— . . pe
= ~ N . \

evaporation cause cooling.
The Evaporation depends on the foll owing factors.
(a) Surface area :

The process of évaporation takes place from the surface. Greater the surface
area higher will be the rate of evaporation and vice versa.

(b) Temperature |

With the increase in temperature, the average kinetic energy of the liquid
molecules increases, so the rate of evaporation increases.

NOT FOR SALE |
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Physical States of Matter
(¢) Intermolecularforce | i

The evaporation of the liquids depends upon the intermolecular forces.
Stronger the intermolecular forces slow will be the rate of evaporation and
vice versa. =

Different liquids have different rate of evaporation at the same temperature,
bécause the attractive forces are different in different liquids. For example,
water has stronger intermolecular force than alcohol, therefore alcohol
evaporate quickly than water.

(iii) Vapour Pressure

" The pressure exerted by the vapours of the liquid when the rate of
evaporation becomes equal to rate of condensation is called vapour
pressure.

When a liquid is placed in a closed container, the
kinetic energies of all 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 §.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.

Evar

aporation '
liquid === Vapours

Condensation

Therefore, the vapours pressure can be defined as, the pressure exerted by
the vapours of a liquid in equilibrium state.

e T ., = s il
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Physical States of Matter
Factors 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 tem perature.

(b) Intermolecular Forces .

Stronger the intermolecular attractive forces in a 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 (CsH,;) has small sized molecule than decane (CyoH33). therefore
pentane vaporizes rapidly and exert more vapour pressure than decane at 1
the same temperature. -

ENEINEEEEE =
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Table 5.1 Some Compounds and their Vapour Pressure at 298K

37 Bl )
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Physical States of Matter
(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 molecules. Hence, the rate of evaporation of the
liquid increases and thus vapours pressure
Increases.

iv. Boiling Point

When a liquid 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  water
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

burst and vapours are released into the atmosphere.

The témperature at:which the vapour pressure of a 2 7R
liquid becomes equal to the atmospheric pressure or Fig 512 |
any external pressure is called boiling point. Boiling Point of Liquid
During boiling, the temperature of the liquid

remains constant. Because the heat provided to the liquid during bailing is
used to overcome the intermolecular

Thermometer |

attractive forces of liquid molecules. The / m% |
" boiling point of liquid depends on the  sool- FC ) ZBIE, e,
following factors. (3 /
(a) Nature of liquid (Intermolecular "é"m Diethyl|/ _ Ethyl alcdhol | Water
force) 2 ether (ethangl) /
The polar liquids have higher boiling E'“
=

point than that of non-polar liquids. In
polar liquids, there are stronger
intermolecular forces of attraction than 05

non-polar liquids. Temperature (°C)
Fig 5.13 Comparison of boiling
point of different liquid
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Physical States of Matter
(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 760mm 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 also increases. The pressure cooker works on this -
principle. |
v. Freezing Point - .
When a Iicfuid 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
teémperature at which the liquid and sdlidstate exists in equilibrium state is
called freezing paint of that liquid.

Society, rechnology and Science

In early ‘!60’05, Galileo argued that suction pumps were able to draw water froma -
‘well because of the force of vacuum” inside the pym;;g_. Aﬁ&r-.GaiiIE'n"s.deat_ﬁ; the
Italian mathematician and physicist E. Torricelli proposed another explanahmln |
1646 Torricelli invented a device called barometer. His measured atmospheric
pressure is 760mm Hg. Torricelli's work soon caught the attention of British
scientist Robert Boyle. He modified barometric tube into a l-shaped tube. Boyle's '3

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 maé‘ﬁs'-inﬂrumeﬁtﬁﬁqn’imprbm as
science progresses. . L WY
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Table 5.2 Freezing Point and Boiling Points of some Liquids

Freezing Paint Bﬁillﬂ[‘j point

H-;ri\;qjmt r~;'i||'mliﬁ

6. | Ethanol 4 | 734

vi. Diffusion

Diffusion can also happen in liquids. This is because the particlesin 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. For example, if you drop
 little bit of ink {nta glass of water, the ink will spread slowly throughout the

water. Diffusion in liquids-is slower than.diffusion in gases because the

a. Ink is dropped in. b. Diffusion begins c. Ink is evenly distributed.

Fig 5.14 Diffusion of liquid
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Physical States of Matter

molecules in liquid move more slowly than gas molecules. The rate of
diffusion increases with increasing temperature. The increase in temperature
Increases the kinetic energy of liquid molecules so the rate of diffusion
Increases.

vii. Mobility

The kinetic theory of matter (particle theory) says that liquids consist of
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 cannotexpand and have fixedvolume.

Table 5.3 Densities of Various liquids

e i ' lMcuho -_ .1 “
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Physical States of Matter
Solid State

In solid state of matter the particles (molecules, ions) are closely packedin 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 position. Solid particles poss only the vibrational motion. Hence, solid
cannot diffuse like gases and liquids.

5.4 Typical Properties of Solids
Some typical properties of solid state are;
(i) Volume and Shape

Solids have strong intermolecular forces present between their particles thus
having a definite shape and a definite volume.

(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 conti nuously supplied, astage s reached at which
the particles leave their mean positions and start moving freely. The solid
starts melting. The temperature at which'the solid starts melting.and exist in
dynamic equilibrium with liquid state is called melting point. At melting
point, temperature does not change and remains constant until the whole
solid is converted into the liquid state.

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 crystalline solid by which purity of solid can be checked.

Melting Point

Solid e Liquid
' Poi
(i) Rigidity s
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 structure. The solids resist the deforming force due to hard
structure and strong intermolecular force.

I= NOT FOR SALE
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Physical States of Matter

(iv) Density

Solids are denser than liquids and gases. In solid, the particles are closely
packed and have no empty spaces between the particles. Their mass per unit
volume is greater. Therefore, they Ihawe higher densities as compared to the

other two states of matter.
Comparison of Properties of Solids, i.iquids and Gasés
? —Prnportln_ L_h
1. | Mass Ft;;ﬁr;ﬁe Deﬂnité Definite
2. | Shape - Definite | Acqu h l
s |
3.| Volure Definite | Definite. .*.;: 1 [Pﬁﬁﬁnﬁ ‘* \ ~’! '_
4, Itfnmprassibility Nt po . " ,
5. Fluidity Cﬁnnut flow | Can flow -_ Can .ﬂawh
6. | Rigidity High |
7. | Diffusion Slow Fast Very fast
8. | Space between 1'1 _ '
particles o '
9. | Intermolecular i Strongest Slightly waakéf_‘ Negligible
force than in solids _
5—_\_
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Physical States of Matter

5.5 Typesof Solids

Solids can be classified into two types, based on the arrangement of partmles |
These are amorphous solid and crystalline solids.

5.5.1 Amorphous Solids

Amorphous means shapeless.. Solids in which the particles are not
regularly arranged or in which the particles are not properly arranged in
three dimensions are called amurphdus 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, cottonca ndyetc.

Particles arrangement Cotton candy

Fig 5.15 Alﬁnrphous solids

.% ' NOT FOR 8A'E
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5.5.2 Crystalline Solids

Crystalline solids are the solids in which
particles (ions, atoms, or molecules) are
arranged in regular three dimensional
patterns. They have definite surfaces or faces.
tach face has definite angle with the other
face. Pure crystalline solids have sharp

melting point. For example sodium chloride
(NaCl), Naphthalene etc.

Fig. 5.16 Crystﬁlﬂne structure of NaCl

« Plastic - EI’EE-E]' e
| NN =
B Gen S SRS 3 g o .
ups ";,-J’;__z"f@@ﬁhé-‘y&urcal-lé%ﬁbn of solid sub: ,
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Physical States of Matter
56 Allotrow

The existence of an element in rmm_than one wystalllne forms is called
allotropy. The different forms arecailo& aﬂmnopicfnrms.

The ailotropy ﬂfﬂﬂ eiement iﬂ due tn follewmg reasons.

. The existen@e of an element in more than one physical state or form,
such am:arbﬂn {Ka}ol soot, Dlamond Graph:te etc)

i The existence of two or more kinds of molecules of an element. In this
case, each molecule has di fferent number of atoms such as allotropes
of oxygen are: oxygen (O,) and ozone (Oy). -

i, Different arrangement of two or more atoms or molecules in crystal of
- an element. For Example, Sulphur shows allotropy (monoclinic and

orthorhombic forms) due to different arrangement of molecules (Sg)
inthe crystals.

Allotropes of an element always show different phymcal properties but have
same chemical properties. For example, Carbon is found in the form of
' diamond initetrahedral shapeand graphite in hexagonal shape. They, have

different p ""T_lcatipmpertles butsame chermcal pmﬁert;es

=+ 3
-

The change in temperature als::n changes the arrangement of at:::-rns in
allotropes. With the change in temperature a new allotropic form is
produced.

The temperature at which one atlntrope changes into another allotrupic 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.

For example, the Sulphur Sgorthorhombic forrn exlsts in ethbnum at 95.5°C
with monoclinic form. -

. o v
Se —_—— S
(orthorhombic) - (menacifnic)
. : 4 o .
Grey tin !_-"" . white tin
(cuble) (tetragonal)
potassium nitrate
_ (ortharhomble)
kot : NOT FOR SALE
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Fig. 5.17 Allotropes of Carbon

Allotropes of Carbon

Carbon exists in crystalline }allﬂtrupifz forms as well as non-crystalline or
amarphous allotropic forms. '

Carbon exists in three crystalline allotropic forms namely, diamond, graphite
and bucky balls. _ _ _

Carbon also exists in non-crystalline or amorphous allotropic forms such as
coxe, charcoal, lampblack, etc. We will discuss the crystalline allotropic form
In detail here. : -

(i) Structure of Diamond .

Diamond isthecrystalline allotfo pic form of carben. In diamond, carbon exist
in 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 the four valence electrons are used in formation of
covalent bonds, which tightly held with each other.

Fig. 518 Structure of Diamond

s
146!
~
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_ Physical States of Matter
(i) Structure of 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.

Fig. 5.19 Struciure of Graphite

(iii) Structure of Buckyball

~ Buckyball is the crystallin_e"all_ntrﬂp_ic form
of carbon. It is recently discovered in 1385.
Buckyball consists of 20 — 100 carbon
atoms. 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 etc structures.
Buckyballs are used as semiconductors,
superconductors and lubricants. Fig. 5.20 Structure of Buckyball
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Matter exist in three states solid, liquid and gas.
The highest energy state of matteris 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 -ﬁat‘é- one by one
without collision through a hole of molecular dimension. ]
Force (F) exerted by a gas per unit area (A) of a container is called .
pressure(P). = . '

The compressibility of a substance i< the change in volume with per unit
change in pressure S
Mass per unit volume js ﬁa’lleij‘ density. L1\
According to Boyle'slaw volume (V) of a given mass of a gasée&ré'aé’e with
the increase of pressure (P) at constant temperature. :

Charles’s law states that, the volume of 3 given mass of gas is directly
proportional to the absolute temperature at constant pressure.

Absolute Temperature is the temperature on the Kelvin scale
Evaporation is the spontaneous cha nge of a liquid into the gaseous state.

The pressure exerted by the vapours of the liquid when the rate cif
evaporation becomes equal to rate of condensation is called vapour
pressure. | ' |

Boiling point is the temperature at which the vapour pressure of a liquid
becomes equal to the atmos pheric pressure orany external pressure.

Temperature at which the liquid and solid state exists in equilibrium is
called freezing point of liquid.

Melting point is the temperature at which the solid starts melting and
exists in dynamic equilibrium with liquid state. -

X
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1. Choose the correct option.
i Thespontaneous mixing of particles is called

Physical States of Matter | .

Amorphous solid is one that lacks ordered arrangement of its particles.

Crystalline solids are the solids in which particles (ions, atoms, Of
molecules) are arranged in regular three dimensional patterns.

The existence of an element in more than one physical state and phase are
called a-llﬂtra%c forms or allotropes and this phenomenon is called
allotropy. |

The temperature at which one allotrope changes into to another allotropic
form is called transition temperature.

a. evaporation b. sublimation
¢. diffusion d. boiling
i Which statement for the particles of solid is not correct.
~ a. they move at great speed
e i:ﬁé}ﬁﬁ}?ﬂf&ﬂm@ﬂ"inﬂgyhﬁpaﬁﬁm g -
c.there s a very little space between the particles - I\ /]
4 the force of attraction between the particles are strong sl
iii. A liquid boils when its vapour pressure becomes equal to:
a. 760cmofHg . b. 1Pascal |
c. 101.325kiloPascal  d. O.1atm

iv, The vapour pressure of a liquid increases with the::
a. increase of pressure |
b, increase uf-temp_era;tu re
c. increase of intermolecular forces
~ d. increase of polarity of molecules

v. Water normally boils at 100°C but it is possible to boil at 50°C which.
variable would you have to change to do this: '

4. increase external pressure  b. decrease external pressure

¢. increase surface area " d. decrease surface area
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vi. The vapour pressure of 2 liquid in a closed container depends upon:
a. amount of liquid b. surfaceareaofthe liquid
C. temperature | d. both (b)and (c)
vii. Which one of the following is not an example of amqrphous solid :
a. rubber b. glass J
C. glucose d. plastic
vili. At freezing point which one of the following coexists in dynamic
equilibrium: :
a. gasandsolid b. liquid and gas
¢. liquid and solid d. all ofthese
ix. Ink spreads in water because of -
d. vapourpressure b. expansion
¢. diffusion. d.

- compressibility of water
x. What will be the pressure of a gas, if the volume of the gas at
2 atmospheres is increased from 1.5dm’to 3dm’:

a. Tlatmosphere b. 1.5atmosphere
¢. 2atmosphere d.. 2.5 atmosphere ., [
| _ SR | | 3 & 4 _'__:;..;'E.; k. j1 e | _,;‘ .i+: Ve 5 --". /]
Solve the following numerical questions. sSqige 5 -

I Calculate the final pressure of a sam

ple of gas that is changed at
constanttemperature to 14.3 dm? fro

m 7.55 dm’ at 828 to IT.
| - (Ans: 437.160 torr)
Il Calculate the final volume at 302 K of a 541 dfn’i_sample of gas
originally at 353 K if the pressure does not change. (Ans: 4.62 dm’)
. Calculate the initial volume at 0°C of 2 sample of gas that is changed
10731 cm” by cooling to -14°C at constant pressure,

(Ans: 770.513cm’)

iv. Asample of a gas at room temperature occupies 0.80 dm®at 1.5 atm.

What will be its volume when the pressure of the gas is raised to 2.1
atm? - . . (Ans:0.571 dr-na)

f @ sample of gas original
tchange. (Ans:9.57 dm’)

v. Calculate the final volume of 319°C o
5.13dm’ at 171°C, if the pressure does no

150
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| - Physical States of Matter
Z] SHORT QUESTIONS

Answer briefly to the following questions.
. Can you give reason why it takes longer time to cook at high altitude?

i . Glass softens over a wide range of temperature. Ice melts at a specific
temperature. Explain the reason for this difference.

iii. Explainwhy it happens that ona hot summer day when there is sweat
onthe body of a person, one feels cool under fast moving fan?
iv. Whyarethedensities of gases lower than that of liquids?

~v. What is the relationship between the atmmphertc pressure and
boiling point of a liquid?
vi. Why a gas is ::nmpresmbie but a solid is not cumpressnble? Give

reason(s).
. LONG QUESTIONS
. r'__s,jgr.f %ventx\ntexgenmentatly e ARy
e B 4 mﬂ ng-y | Z ;.,_.-if} 4 ; F, /

a. Evaporation and Boiling pmnt
b. Effusionand Diffusion ofgases. A <
.¢. Condensatignand Evaporation.
iil. D;eﬁne. the term allotropy with examples. Explain the three allotropic
forms of carbonin detail. - :
iv. What are solids? lel’erentlate between amorphous and crystallme
solids.

v. DefineCharles's law and #e_ﬁfy.-it graphically and diagrammatically.

Project Work
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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 Solveﬁt
(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 . 208

S e e
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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 ionicand polar covalent substances.

(iii) Soluteand Solvent

The component of solution which is present in smaller 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
<olute and wateris solvent. Beside this, there areanum ber of solutions which
consist of more than two substances. For example, soft drinks, in this water is
solvent and sugar, carbon dioxide (CO,), flavours etc. are the solutes.,

IE NOT FOR SALE
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Fig. 6.1  Solvent and solute combine to form solution |
6.2 Saturated, unsaturated and super saturated solution

(i) Saturatedsolution | CALT L

-

§ I\ /8

When a small"amount of sugar is added ‘into water in.a f'gf’aﬁs,"fthé'“—:ségar
dissolve very quickly in it. If some more amount of sugar is added, it will also
dissolve in it. If the addition of sugar is kept on, a stage is reached when the
further amount of solute will not dissolve in it. But still if we add further
amount of sugar, it will remain undissolved and will settle down at the
bottom of the glass. |

Solution which cannot dissolve further amount of solute at a particular
temperature is called saturated solution at that temperature.
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Solutions
(i) " Unsaturated solution

An unsaturated solution is a solution, which has less amount of solute than Is

~ required tosaturateitata particular temperature. For example, if we dissolve

-asmall 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
temperature is 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
toforma 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
oxcass of -the dissolved.solute deposits on the crystal, then it is
5upei:saturated solution. By i

@ =) © -

Fig. 6.2 Unsaturated, saturated and supersaturated solutions
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Solutions
- 6.3 Types of Solution

>olutions exist in gas, liquid and solid states. On this basis, there are nine
types of solutions.

6.3.1 Gaseous Solution (Gasin Gas, Gas in Liquid and Gas in Solid)

Different types of gaseous solution are following.
Typeof . e O e s
SoitEah ~ -Solution | Solute Solvent | Example s ;
l.Gas in Gas Oxygen(gas) Nitrogen | Air ( oxygen in
s P (gas) Ni’tr_ﬂgen)_ s
Gaseous | ii. Gas in Liquid | Carbon dioxide Water Carbon dioxide =
Solutions 2 (gas) | (iquid) | in water,eg.
| - ' ~ | -~ | carbonated drink - -
ni. Gas in Solid Hydrogen Palladium| Hydrogen gas
(gas) (solid) adsorbed at
' | palladium
Rk Fig. 6.3: Carbon dioxide in water

6.3.2 Liquid Solutions (Liquid in Gas, Liquid in Liquid, Liquid inSolid)
Different types of liquid solutions are following.

Type G:f . uti ' - \ | | - rr ,'-' '..,:.

I. Liquid in Gas Water vapours | Air (gas) | Fog, humréity In air
(liquid) | ) |
Liquid  [7i. Liquid in Liquid | Alcohol(liquid) | Water | Alcohol in wate
Solutions | Jliquidy- e, S =
ii. Liquid-in Solid | Mercury(liquid) | Gold Mercury amalgams,
‘ | (solid) | e.g amalgam used by
| dentist (Hg in Ag)

g
| 1

[
P
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Solutions

" Fig. 6.4 Mercury Amalgam

6.3.3 Solids Solutions (Solid in Gas, Solid in Liquld Solld in Solid)
Different types of solid solution are following.

Type of solution Solution| ~ Solute Solvent | Example
I S@Itd in Carbnnparrtllcles Air SIHTE!I(E ( Carbnn
| @D@ f if' [g_gs) ;%artﬁslesz&n air) ) \ /
Sﬂl-lijd || Sﬂild in Saits Water | Sea water, solutions E.g.
Solutions | Liquid (solid) . (liquid) | sugar in_ water
iii. Solid |Zinc | Copper | Brass (alloy), e.g. copper
inSolid | d) - | (solid) | and zinc and bronze
| (alloy) of copper and tin
Brass is an alloy Sterling sllver: Bronzeis an alloy
of copper and zinc. 92.5% silver of copper and tin.
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Society, Technology and Science |

The substances we used in our |IfE for existence are solutions. The solutions

that we use are divided broadly into three cat&gnries Gaseous saluttnns
liquid solutions and solid solutions.

Solutions

| Gaseous solution: Air is solution (m txtur@) affhfferant gases. e.g. N,, 0.,
' CO, and rare gases.

Liquid solution: We use different liquid sélﬂ ions in. oar da|ly 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 for 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 pradm:ed in SBIU‘BEII"I
form.

' Solid solution: Alloys are the solid solutions that we use in our daily lives.
Jewelry is an alloy (solid solution) of gold and copper orsilver. Because pure
‘gold is ve?ysﬂﬁ. SO ﬁtc&rﬂmt be;psed in 1‘t§ djreﬁu | .-%@?ﬁ with
copperorsilverin ordertouse it for jewelry. Brass and ste aking
utensils, surgical instruments, buses, cars trains, etc are solid solution of
metals. Parts of airplane are made of solid solution of metals such as Al and
Mag. Dental fillings are also solid solutions of metals in mercury.

6.4 Concentration of Solution

Concentration is the proportion of a solute in a solution. The concentration
of a solution is'a measure or ratio of the amount of solute in a given amount
of solvent or solution. The larger the amount of solute present in a solution,
the higher would be the concentration.

(i) Dilute solution

A solution, which contains small amount of solute dlsmlved in the solvent, is
called adilute sulutiﬂn

(ii) Concentrated solution

A solution, which contains large amount of solute dissolved in the snlvent. IS
called a concentrated solution. -

NOT EOR SALE | .E
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Scicrtitic Intormation

Asolution of known concentration is called a standard solution.

For example, a solution in which 5g of sugar is dissolved in 1 00cm’ t.:}f water ig
dilute as compared to a solution in which 8g of sugar is dissolved in 100cm’
of water.

Concentration solution: Dilute solution:
More solute particles Fewer solute particles
per unit volume. ser 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 (if) Molarity.

6.4.1 Percentage composition

It is the number of parts of solute present in 100 parts of solution or the
fraction of a solute in a solution multiplied by 100.

f e
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The percentage compositions of a solution are expressed in four ways:

i. Percentage Mass By Mass( Mass - Mass Relationship m/m)-

It is the number of grams by mass ufsulute presentin 100 grams by massofa
- solution:

For example, 10 % solution of sugar by mass means, 10 grams of sugar in
90grams of solvent, so that the solution weighs 100 grams.

mass of solute (g)
mass of soliute (g) *mdmw

%mlml %100

Or

mass of solute (g)
mass of solution (g)

ii. Percentage Mass By Volume( Mass - Volume mmy'
It is the number of grams by mass of soluteprdsent in 1 00'cm’ of soltion,

For example, 10 % snlﬂtmn of NaCl by masg‘ medhs-, Tﬁf—grams nF N’ECI in
solvent to make 100cm’ of the solution. In this case, the total Mass of the
solutionis nut considered.

x 100

% Mass /mass =

mass of solute (g)
Valumcofsnduﬁon(cm’)

iil. Percentage Volume By Mass wm-mmpwm):
Itis the volume in cm’ of a solute dissolved in 100grams of the solution.
For example, 10 % solution of Alcohol by volume means, 10 cm’ of Alcohol in

(unknown) volume of water so that the total mass of the solution is 100grams
of solvent. In this case, the total volume of the solution is not considered.

% mass /volume = x 100

Velumae of solute (cm™
B ———— ¥ ]
% volume /mass = Mass of solution (9) X100
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Solutions

mmwmm \folulm Relationship v/v)
Itis the volumeincm “of a solute dissolved per 100 cm * ofthe salutinn

Forexample, 10 % solution of Alcohol by volume means, 10 cm of Alcohﬂl in
sufficient volume of solvent, so that the volume af solution is 1DOCrn

volume of solute (cm®)

% volume / volume = x100
volume of solution {cm?)
6.4.2 Molarity

Molarity is a cnnr:entratlon unit. Itis 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 solute
Molarity(M) ~ volume of solution in dm’®

By definition _
amount of solute in gram
_Mole =
mcﬂmiar mass of solute

So molarity can also be given as,

Amount of solute in gram
olecular mass of solute x volume of solution in dm’

Calculate the mnlanty of a solutwn containing 7.50 mol of CaCO; in
enough water to make 1.50 dm’ -ﬂf solution.

Solution =3 7.50 5.0mol
Moty = o . W S

M=

Scientific Information
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' Solutions
6.4.3 ProblemsInvolving the Molarity of a Solution

The following examples will help you to understand the molarity and how
molar solutions are prepared.

To find the molarity of a solution, you must know the molar mass of the
solute.

For exam ple, 1 molar solution of glucose (CH,,04) means 1 mole (180grams)
of Glucose per dm’ of solution. Similarly, “one-molar” solution of sodium
hydroxide (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 hydroxide is written as 1M NaCH.

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 20.0g of NaOH, is dissolved in enough water to make 1.00dm’ of
solution, a 0.500M NaOH solution is produced. This relationship between
molarity, moles and volume may be expressed in the following ways.

M= —— A”WI’[WM@:!‘H:'EM-F -’ |

molecular weight of solute x volume of solution in dm?

M s S
: 40 x 1dm?

Or
20

= = (0.500mol
40 x 1dm?

M

If twice the molar mass of NaOH, i.e. 80 g. is dissolved in enough water to
make 1dm’ of solution, a 2M solution is produced.
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Solution: AmountofNaCl = 55
Molar massof Nac| = 234355
Moles of NaC] (solute) = 2859

= 58.5gmol”
T gmur’= 0.1mol

Volume of solutionincm® = 500cm’
Volume of solutionindm® = 1-%%-'—5 =05dm’
M=—__ Moles of solute |

: = 3
Volume of solution Indm~ ~

On'putting the values, M=—0"1'-;-"—-Eg—
Itis0.2 molarsolution. 0'5_ &

=02M

of solution containing 7.50 g of CH,0H ]’
Solution
Because molarity is defined in terms of moles of solute and liters of |
solution, . _
the given quantities can be converted to moles and liters, respectively:
No. of moles CH,0H= %— =0.2344mof CH,OH
;[ 1dm? I |
; =0 . _
50.0cm [ : 3| =0.0500dm’
0.2344mol CH,OH |

M= =4, CH,OH
0.0500dn7 o~

NOT FOR SALE
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Start by calculating the mass of

CuS0.,.5H,0 needed. Making a

liter of this solution requires

0.5000 mol of solute. Convert  Saies

the moles to mass by  Add some colvent to the  Rinse the weighing beaker with

multiplying by the molar mass _-solute to dissolve it and more mwent to.remove all the
of CuS0,.5H,0. This mass is thenpnuntmma‘iucﬁn’ .olute and pou .___nmmme

calculated to be 124.8g. valumetricflask. - ~M&maﬁ nt ﬂvﬂumﬂ
nf the soluticn reaches the neck

of the flask.

Put the stopper in the Careﬁjtly ﬁll the flaskto  Restopper the flask
flask and shake the the 1.0dm’ mark with and invert it at least haﬁluge EDEIU mid | of
water. 10 times to ensure SO fﬂﬁ n
whlch isa 0 SDﬂﬂ M

Figure 67 concentration.
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To dilute a stock solution, dilution equation is used: M,V,= M,V,. Where sz
‘| and V, are the molarity and volume of the concentrated stock solution and
M, and V, are the molarity and volume of diluted solution you want to make..

— e ———

Ty — —

E =
-

 What will be the molarity of the solution if 30cm? of 2.5M of CaCO,
 solution is diluted to 280cm” .
Selution:

|}

Me=250 OV, =Waw |, V=280 ,  My=?
- Orwe can write, LU = ML,

| What volume of water must be added to 85 cm’ of 3.5 M Na,CO, to
dilute it to0.41M?
. Solution:

{
| 1

g

. Volume of solution :
I 640.60cm’ needs to be added to get the diluted solution.

PR - -
—— e e —
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6.5 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 Soiuhlhty of the
solute in a given solvent. : |

Different substances have different solubilities in the same amnunt df sufvent
at a specific temperature. For example, sodium nitrate (Na NO,) is more
soluble than silver chloride (AgCl) in water. Generally, the solubility of solute

is taken to be the quantity required to make a saturated solution in given
quantity of the solvent.
W OF the solute

Solubility = x1
- W Of the Solvent -

Solubility of solutes depend on the following factors:

(i) Nature of the solvent
(i) Nature of the solute

(i)  Pressure
ﬁ\

- X ﬂ %
(iv)  Temperature A i I £ _i H

(1} Nature of soivent

When the molecules of solute are similar in structure and properties to the
molecules of the solvent, the solubility is greater because like dissolve like.
For example, sodium chloride is an ionic compound. It has greater solubility

in a polar solvent like water but low solubility (insoluble) in non-polar solvent
like benzene.

(1)} Nature of the solute

Nature of solute also affects the solubility. If a solute is changed and the
solvent remain the same, the solubility of the solute also changes. For

example, sodium chloride has high solubility in water and sugar has
comparatively low solubility in water,

“LIKE DISSOLVE LIKE"Is the general principle of solubility. It means that:

.. The ionic and polar substances are soluble in polar solvents. Ionic
solids and polar covalent compounds are soluble in water e.g. NaCl,
KCl, Na,CO,, sugar, glucose and alcohol are soluble in water.

166)
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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
petrolis insoluble in water.

ili. Non-polar covalent substances are soluble in Non-polar solvents.
Grease, paints are soluble in 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 (CgHg), 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 dissolve in
another or not.

(I} Dissolving lonic Compounds in Polar Solution

The polarity of water molecules plays an iImportant 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 contactwith Li” and CI ions. The positive ends of the water molecules are
attracted to CI ions, while the negative ends are attracted to Li* ions. The

Hydrated Li'

water molecule

LiCl crystal

Hydrated CI~

When LiCl dissolves, the jons are hydrated. The attraction between ions and water
molecules is strong enough that each ion in solution is surrounded by water molecules,

Fig. 6.7: Solubility and Solute - Solvent Interaction

™,
167
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. Solusions
~ttraction between water molecules and the ions is strong enough to draw
the ions away from the crystal and form solution, as illustrated in Figure 6.7.
This solution formation process with water as the solvent is referred to as
hydration. These ions are said to be hydrated. As hydrated ions diffuse into
the solution, other ions are exposed and are drawn away from the crystal
surface by the solvent. The entire crystal gradually dissolves and hydrated
ions become uniformly distributed in the solution.

(i) mmwmwm

lonic compounds are generally insoluble in non-polar solvents such as
carbon tetrachloride (CCl) and benzene (CH,). 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 Scivents

Liquid solutes and solvents that are not soluble in each other areiimmiscible.
Forexample, 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 and gasoline.

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 repulsion and the
molecules mix freely with one another.

NOT FOR SALE
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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
H—(I:—C—-OH
H H

CH.OH (Ethanol)

Water molecule, Hydrogen bond

= : SR e = =y HZD
o= L = :. 8 : 3:'"
= = -l Ethanol molecule
(a) Soluble and miscible -
| (b)
Fig. 6.9: Liquid Solutes and Solvents — miscible

(iii) Effect of pressure on solubility
Solids and liquids are incompressible therefore the solubilities of solids and
liquids are not affected by changing the pressure.

Solubility of gases increases with the increase in pressure, for example,
carbon dioxide is fiilled in soda water bottles under pressure. When a bottle
of soda water is opened, carbon dioxide comes out with effervescence
(bubbles) because pressure in the bottle is released resulting in decrease in

the solubility of the gas.
NOT FOR SALE
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Activity:o.a i

Aim:

To investigate the solubility of solutes in different solvents.
Chemicals:

Common Salt, vinegar (Acetic Acid), 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 iodine in 100cm’ of water.

4. Mix a few grains of iodine’in methylated spirit.

Results:
Record your observations in the table below:
Polar, non- r , =
o Pn-ar L Does solute
Solute or Solvent polar or ;
] i dissolve?
ionic solute ionic solvent
S meth?!'ated
spirit 3 H
lodine water 4| - YW/
: ;| S\ 7.3 = 3 —i
Vinegar - water : Naf s 1V §
Salt water

You shoulc have noticed that in some cases, the solute dissolves in the
solvent, while in other cases it does not.

Conclusions:

In general, polar and ionic solutes dissolve well in polar solvents, while non-
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

have similar intermolecular forces, there is a high possibility that
dissolution will occur.

r P E—
P - ..'-'

» If you pour a handful of salt into a full glass of water, ﬁtewﬁe?w W
actually go down rather than overflowing the glass. Similarly, if you mix
half a liter of alcohol and half a liter of water, the t‘atai kaﬁ *ﬁﬁf}m

liquid will be less than one liter. Explain why? — 4

NOT FOR SALE i
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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.

N
=)

Solubility (mmol/L)

-|
i &
L 'J

||l-.‘-‘ |..|_ .|||.|1

OC —10- 20=.30 40 50
Temperature (°C)

Fig. 6.10: Effect of Temperature on Solubility of Different Gases

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
intemperature, but this not always happen. When a solute (salt) is added into
solvent, there are different possibilities with reference to effect of

temperature on solubility as shown in the figure 6.11. These pnss:bllltles are
given below.

() The solubility of some solutes increases with rise in temperature. For
example, the solubility of Potassium Nitrate (KNO,), CaCl,and Pb(NO

1)z
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(i) The solubility of some solutes decreases with increase in temperature, for
example, Ce,(SO,),, Li,CO, and Ca0.

(i) The solubility of the NaCl and KBr is slightly aﬁected by increase or
decrease in temperature and remains constant.

(iv) There are some solids whose solubility increases up 10 a certain
temperature and then decreases on further increases in temperature. For
example, Sodium Sulphate, forms deca-hydrate (Na,SO,.10H,0) at 324°C.
Above this temperature, it forms anhydrous Na,SO,. The maximum
solubility of Sodium sulphate is at 32.4°C.

100

P
90
O 8o =
T |
g Yo . O /1
1 !
= 00 D - >
=
A 50
-
Q
2 40
£
5 30— -
= é k
A 20 | =
10 | = : -
| cel( Jl
0

o 10 20 30 40 50 60 70 80 90 100

Temperature (°C)

Fig. 6.11: Effect of temperature on solubility of different salts in water
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6.6 Comparison of Solution, Suspension and Colloids

6.6.1 Solution

A solution is 2 homogeneous mixture of two or more components. This is an
example of true solution. Each component is mixed in such a way that these
components cannot be identified easily. The simplest example is the salt
solution. You cannot differentiate between the solute and solvent they are
mixed in such a 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

s : | Tyndall Effect |
These are solutions in which the solute | :

. _ | Many colloids appear homogeneous
particles are larger than those present e .
:* the true solution but not large because the individual particles
enough to be seen with naked eye. cannot be seen. The particles are,
Particles thﬁt are inter mediate' e however, large enough to scatter light.
bEtweeﬁ--thu-sé i 50"lutidn5 arid i This effect, knnwgastheTyndall effect,
suspensions: form mixtures-known as ©ccurs- when light jist scattered by

: : : . colloidal particles dispersed in a
colloidal dispersions or simply , |
colloids . transparent medium. The Tyndall

: 1000 | effectis a property that can be used to
P?nlcles s '1nn?|— Ll S distinguish between a solution and a
diameter may form colloids. colloid

. ot

Fig. 6.12 Examples of colloidal systems from daily life

ll NOT FOR SALE
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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
bottom of the container, if allowed to stand for some time. For example, a
mixture of starch in water is an example of colloid. Examples of the various
types of colloids are given in Table 6.1.

Table 6.1 Classes of Colicids

Class of colloid Phases Example
Sol solid dispersed in liquid paints, mud
Gel solid network extending gelatin

throughout liquid

Liquid emulsion | liquid dispersed in a liquid | milk, mayonnaise

Foam gas dispersed in liquid shaving cream, whipped cream

Solid aerosol solid dispersed in gas smoke, airborne particulate
matter, auto exhaust

Liquid aerosol liquid dispersed in gas fog, mist, clnud5 aernsni spray

Solid emulsion | | Tiquid dispersed in énﬁd' cheese, huttgr

< r g

| Whlch solvent—liguid ammonia (NH;) or benzene (CH,) is more likely to
dissolve each of the following solutes?

(a) H,O (b) C.H,., (c) AgCl
Solution

a. H,0 is more likely to dissolve in NH, because both substances are
pular and capable of hydrogen bnndmg

b. C;H,,is morelikely to dissolve in the nonpolar solvent, (C,Hy).
c. AgClis more likelyto di_ss:nl_ve in the pola rsolvent, (NH,).

NOT FOR SALE -
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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. |
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The distinctive properties of solutions, colloids and suspensions are
summarizedin Table 6.2
Table 6.2 Properties of Solutions, Colloids and Suspensions
_5_ _Nq_ ot §gl_utl_un§__ :_'* ; _ _Callmds Suspensmns
EREr Hnm.g en&caus e :_ He rogene _" bl
2. Particle size: 0.01-1 [Particle SIze.‘I —1{}00 Farticle size: over
nm; can be atoms, nm, dispersed; can be| 1000 nm, suspended;
ions, molecules aggregates or large | can be large particles
molecules or aggregates
: - | stan - - St@ﬂdlng . .'. < ::'* i 15 i 10, =y wligets 1]
4. Ca nnot be separated | Cannot be separated Can be separated by
by fi f‘ Itra’aun by fi Itratmn ﬁltratlnn
6. Particles afe so small | Particles are big ui:ui: Pﬂfﬁﬁiﬁs are Eslg
that they can't be ' | cannot be seen with | enough to be seen
seen with naked eye | nakedeye | wrﬁl naked eye
Sulptmnﬁ . Colloids Suspensions
Table salt in water i< an Milk in water is an Flour in water is an
example of solution. example of colloids. example of suspensions.
Fig. 6.14: Comparison of solution, colloids and suspension
176
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+ Asolutionis a homogenous mixture of two or more than two substances.

* Aqueous solution is that solution, which is formed by dissolving a
substance in water.

* Soluteis that component of solution which is present in smaller amount.
* Solventis that component of solution which is present in larger amount.

* Saturated solution cannot dissolve further amount of solute at a particular
temperature.

* Unsaturated solution can dissolve further amount of solute at a particular
‘temperature.

. Strﬁ‘eriatura‘ted sarut:en contains more amount of solute than the amount
required to saturate it at a particular temperature.

+ Solutions can exist in gas, liquid and solid states, on this basis, there are
nine types of solution.

« Concentration of a solution is a measure of the amount of solute in a given
amount of solvent or solution.

+ A dilute solution is that solution which contains small amount of solute
dissolved in the solvent. |

« A concentrated solution is that solution which cnntalns large amount of
solute dissolved in the solvent.

* 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
stronger interactions with solute particles.

y
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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 proportion are 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 a transparent medium

A-suspension-is @ heterogeneous mixture of undissolved patticles in a
given medium. In suspension the particlesare large. It can be seen with the
naked eye. ' ' o,

The process of settling of particles at the bottom is known as
sedimentation.
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Choose the correct option.
i. Which of the following solution is mﬂre dilute:
a. 1.OM 0.5M
c. 0.05M ¥ 0.005M
ii. Milk is an example of :
a. Compound b. Saturated solution
¢. Colloidal solution d. Suspension
iii. Water droplet in air is an example of solution:
3}35 in gas b. Gas in liquid
Liquid in gas d. Liquid in liquid
iv. When there is a low concentration of solute in a solution, it is
k n as:
a” dilute solution b. saturated solution
c. concentrated solution d. super saturated solution

v. Whati s the molarity of a NaNO, solution made by dflutang 250.0
cm’ of a 1.60 M solution to a final wolume of 400cm’:

N 1.20M prase ey e 1.00 M,
Lt e D200IM- | : Mwbm
i, What is the concentratien, in % mass by vofurhe (rmi/v) of a salution
containing 15.0 g KClin 600.0 cm’ solution:
a. 5.00% b 2.00%
c. 0.200% . 2.50%
vii. When KCl dissolves in water, the fﬂllﬂwmg will be produced:
a. KandCl ' b.K' and CI'
c. KandCl, d K and Cl,
viii. 2 moles of Na,SO, are dissolved in one r::uf solution. Molarity
of solution is: - \/d
a. 1M | bi2 M
c. 3M d.0.5 M
ix. Molarity is the number of moles of solute dissolved in:
1 kg of solvent b. 1 kg of solution
é/; dm’ of solvent d. 1 dm’ of solution
x. The molarity of a NaOH solution by dlssnlwng 4 g ofitin 250 mi
wa S: |
Y04 M b.0.8 M
c. 0.2M d.0.1 M
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Solve the following numerical questions.
i. What is the molarity of a solution composed of 5.85 g of potassium

iodide (KI) dissolved in enough water to make 0.125 dm™ of solution?
: (Ans: 0.28M)

i. How many moles of H,SO, are present in 0.500 dm’ of 0.150 M H,SO,

solution? (Ans:0.075 moles)
iii. Suppose you wanted to dissolve 40.0 g NaOH in enough H,O to make

6.00 dm’ of solution.

a. What isthe molar mass of NaOH? (Ans: 40)

b. What is the molarity of this solution? (Ans:0.166 M)

iv. What is the molarity of a solution of 14.0 g NH_Br in enough H.O to
make 150 cm’ of solution? (Ans:0.9533 M)
v. Supposeyouwantto produce 1.00 dm’ of 3.50 M solution of H,SO,.
a. Which one is the solute? (Ans:H,SO,)
b. Which one s the solvent? | (Ans: H,0)
c. Howmanygrams of solute are needed to make this solution?
' * (Ans:3439)

SHORT QUESTIONS

Answer briefly the following questions.
i. Is seawater a solution? How would you prove with a simple
experiment whether itis pure water or a solution?

i. A bottle in a drug store contains a label “3 percent hydrogen
peroxide.” What does it mean?

iii. Classify the following as a solution, colloid or suspension and explain
why:

(i) Milk (ilHotcupoftea  (iii) Orange juice with pulp

(iv) Mayonnaise (v) Listerine mouthwash (vi) Mi]k of Magnesia
(vii) Cheese (viii) Mist (ix) Bottled water
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iv. Why we stir paints thoroughly before using it?
v. Why suspensions and solutions do not show Tyndall Effect, while
colloids do? :
LONG QUESTIONS

Define solution. Explain types of solution on the basis of states of
matter.

il. (a) Discuss the solubility 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 water is a
,gamenm matemmgeprdand vjater is. not asolution.

Percentage cempu:-'.ltlen
- b. Molarity

Project Work

Which of the foﬂmng substancee are pure substances and which are
‘mixtures?

a. Sea water i. Qrange squash
b. Cooking oil . Salt

c. Coal k. Milk
- d. Steel l.  Oxygen gas

e. Chilli sance m. Air

f. Bronze n. Orange juice
g. Sand | o. Coke

h. Gold p. Soil
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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 reaction. These reactions involve transfer of electrons.

In previous grades, you have learnt about the chemical reactions. In this unit,
you will learn about oxidation — reduction reactions. You will also learn that

how electrical energy is converted into chemical energy and chemical energy
into electrical energy.
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7.1 Oxidation and Reduction

Electrons are lost in oxidation and gained in reduction. Therefore, when
oxidation occurs during a chemical reaction, reduction must occur
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 a substance is called oxidation. For

example carbon is oxidized to CO, which involves the addition of
oxygen.
C+0; ——— COZ

The removal of hydrogen or other electropositive elements from a

substance is called oxidation. For example ammonia (NH,)
oxidized to nitrogen by losing hydrogen.

INH3 ¥ 3ChH AR A S S A AY

-
W

c) The removal of electron(s) from a substance is also called oxidation.
For example, when Fe™ loses electron and oxidizes to Fe**.

Fe*? > e E
Reduction
a) The removal of oxygen from a substance is called reduction. For
example HgO is reduced to Hg on heating.

5o -
2! : 2HgO
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Electrochemistry

b) The addition of hydrogen to a substance is called reduction. For

example nitrogen is reduced to ammonia (NH, ).
N, + 3H; » 2ZNH3

c) The addition of electron(s) to a substance is also called reduction. For
example Sn*"gain two electrons and reduces to Sn*”.
T B ey SN )
Consider the reaction between sodium (Na) and chlorine (Cl,). This reaction
involves the transfer of electrons from sodium atom to chlorine atom.
Sodium (Na) atom loses an electron and is said to be oxidized to sodium ion

(Na'), while chlorine (Cl) 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 an oxidation- reduction or Redox reaction.

2Na + Cl, —  2ZNaCl

7.2 Oxidation States and Rules for Assigning Oxidation States
(i) Oxidation States or Oxidation Number |
It is the apparent charges, positive or negative, on an atom of an element in a

molecule or an ion. Unlike ionic charges, oxidation numbers do not have an
exact physical meaning. In fact, in some cases they are quite arbitrary.
However, oxidation numbers are useful in naming compounds, in writing

formulas and in balancing chemical equations. The color of solutions changes
with the change of oxidation state.

e = T

Fig. 7.1 Color change of chromium solution with change of oxidation state
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(ii) Rules for assigning oxidation number

.. The oxidation number of all elements in the free state is zero. For
example, the oxidation number of H,, Cl, Na, etc.iszero.

i. The oxidation number of a simple ion is the same as the charge on it.
For example, oxidation numbers of Na’, Ca"’z, Al and Br are +1, +2,
+3 and -1 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, where itis -1 for example H,O, and in the case of
OF, ,itis +2.

v. The oxidation number of each element of group I, Iand Il is +1, +2
and +3 respectively.

vi. The oxidation number of each element of group VII (halogens) in their
binary compoundsis-1.

vii-'In neutralmolecules, the algel:n'aic sum afﬂle mxldatinn t‘lu mqu afall
the elementsis zero. For example H,SO,

2H+5+4(2)=0 ——2x1+5-8=0
2+5-8=0 wecanwrite S-8+2=0
S—-6=0 ——> S=6

Thus H,”-§"-0,”

viii. In ions, the algebraic sum of oxidation numbers equal to the charge
on the ion. For example MnO,”

MnO,”" — 5> Mn+40=-1
Mn+4(2)=—-1 —> Mn-8= -1
Mn=-1+38 ——> Mn=7

ix. In any substance the more electronegative atom has the negative
oxidation number.

x. The same element may show different oxidation number in different
compoundse.g. CO(C*-07), CO, (C**~ 0; )
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EXAMPLE: 7.1

Determine the oxidation numbers of phosphorus and chlorine in
phosphorus pentachloride, PCl..

Solution

Inthis compound, the oxidation number of each chlorine atomis-1.

To make the total of all the oxidation numbers for PCl; equal to zero, the
phosphorus must have an oxidation number of +5. To dﬂ this calculation
systematically, let x equal the oxidation number of phosphorus in

PCl;.Then
X +5(-1) 0\
Oxidation Number of Oxidation Charge on
number of chlorine number of the
phosphorus atems each chlorine  molecule
atom
x-5=0
X=+5

e oxidation number of Phosphorus is 5 and Chlorine is -1.

What is the oxidation number of nitrogen in the nitrite ion, 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:

/x + /2 (-~ 2)\ - 1\
Oxidation Number of  Oxidation Charge on the
number of axygen number of each nitrite ion
nitrogen atoms oxygen atom

X -4 = -]
X = —1 +4
X=+3

S0, the oxidation number of Nitrogen in nitrite is + 3.

NOT FOR SALE

1 e | Lk i > 8 i & T B T 1 =
L TS —— e PR AN SR S T e o - ===


https://www.perfect24u.com/
https://www.perfect24u.com/

x o —— L
TN e ~—
- ” =
N L
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Practice Problem: 7.1 o
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For Example, | ¥ i
Iron exists most commonly in Fe(l) and Fe (I oxidation state
Copper have 3 oxidation states. Cu(), Cu(l) and Cu(Il)

7.3 Oxidizing and Reducing Agents
(i) Oxidizing agent

An oxidizing agent is the specie that oxidizes a substance and itself gets
reduced. For example, KMnO,, K,Cr,O,, HNO, and Cl, etc. According to the
classical concept, an oxidizing agent may be,
| a) The donorof oxygen to a substance.

b) The acceptor of hydrogen from a substance.

¢) Theacceptorofan electron from a substance.
d) Similarly, the oxidation number of an oxidizing agent is decreased

during a redox reaction. @ \/M

NOT FOR SALE

’ . _ - - Rl - :
= - : e = T, S ‘&E‘ﬁ?j’% i =


https://www.perfect24u.com/
https://www.perfect24u.com/

Electrochemistry

. xidized
Consider the reaction, | . — ¥

Zn, + ({UOH —— IO, +Eu,,,

« Oxidation number of Cuin CuO s +2 e

+ Oxidation numberof 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?* + Ch ————— Sn** 4+ 20

Oxidation number of Cl,is zero,

Oxidation number of Cl is -1.

There is a decrease in oxidation number of Cl,, from zero (0) to— 1. So, Cl,is
an oxidizing agent in the given reaction.

(i) hﬁdmw
A Reducing agent is the specie that réduces @ substance and itself gets

oxidized. For example, H,S, SO,, Na, Al, and Mg etc. According to the
classical concept, areducingagentmaybe,

a) The acceptor of oxygen from a substance.

b) The donor of hydrogen to a substance.

c) Thedonorof an electron to a substance.

d) Similarly, the oxidation number of a reducing agent is increased

during a redox reaction.

Consider the following reaction,

oxidized

0 | v
Br + HpS s szr + 8

Oxidation number of SinH,Sis—2, '€duced
Oxidation number of free S is zero.

There is an increase in oxidation number of S from -2 to zero. So, H,S is a

reducing agent.
NOT FOR SALE
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Table 7.1 Some examples of oxidlsi
Oxidising agEnts 3=

Bromine (Bra)
Chlorine(Cly) IAE LY. -
Concentratedsulfuric acid (H,SO,) I-Iydragen(Hz)

Nitric acid (HNO3) |
OXYQEH Q)

1 j'.i'- I- 'IP' | ‘r;r II"I

Carban(C)

Scientific ll-1forr11._\tim1

« Ozone is a very strong oxidizing agent and used in n

decolorizing agents or as oxidants of organic nmtanais. i e
» When oxygen is used as an oxidizing agent at high temperature and pressure
by dissolving it in wastewater, the process is known as WEt
considered as an effective method of nmdizmgurgﬂfﬁt materials and removal
@wimmd& r— N AN N i\fn_-' F

7.4 Oxidation- Reductlen Reactinns

Those chemical reactions in which the ﬂxldatlnwreductinn (Ic:ss and galn of
electrons) takes place simultaneously are called oxidation — reductions or
redox reactions.

CUSOd.[aq} + Zri.{s) e o ZnSO4(aq]+ CU(s]
The overall ionic equation is

decregse in oxidation state

1———-——-— 0

+2 v
U (aq) z| (<) _'j“{aq} + Cug)

increase in oxidation state

Cu

The redox reactions are made up of two half reactions, for example consider,
thereaction

Na + [} —— 2Na + 2I°
This reaction can be written in the form of two half reactions as,

INg ———up 2N& + 2e- (Oxidation)

5 + 26 ————p 2I (Reduction)
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In the 1™ half reaction, loss of electrons takes place. This reaction is called an

oxidation reaction. In the 2™ half reaction, gain of electrons takes place. This
reaction is called a reduction reaction.

_The substance
to be oxidized

tobereduced e o —

Fig. 7.2 Redox Reaction

7.5 Electrochemical Cell

" A device in which interconversion of electrical and chemical energies take
place is called electrochemical cell. Itis an energy device, in which either a
chemical reactions take place by using electric current ( such as electrolysis)

or chemical reaction produces electric current ( such as electric conductance).
Electrochemical cells are of two types. |
(i) Electrolytic cell

(i) Voltaic cells (also called galvaniccell)

‘ﬁ - | NOT FOR SALE

i
Ll



https://www.perfect24u.com/
https://www.perfect24u.com/

Electrochemistry

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 ions 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 orionization.

(i) Strong Electrolytes :
Strong electrolytes are those substances: which dissociate or ionize
completely in aqueous solution or in molten state and conduct electric
currentto a larger extent. For example, H,SO,, HNO, , NaCl, NaNO, etc

NECI{a.q; » Na'%g + Cl fh:aq:l
HCl ag) —>  HY%q + Clag
(if) Weak Electrﬁlytes :

Weak electrolytes are those substances which 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,OH), Acetic acid
(CH,COOH), Benzoicacid (C;H.COOH) etc. .

NH40H[aqj = = NH:fan + OH5q

W

(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, wires or rods, through
which electrons enters or leaves the electrolytes in a cell. There are two types
of electrodes, anode and cathode.

(a) Anode
The anode is the positive electrode at which the anion gathers and leaves the

electron in the electrolytic cell. Anions are the negatively charged particles
e.g.Cl, OH etc. | :

G—IJCOO*an} + H""[aq}
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( tmng electm
Fig. 7.3 Types of Electrolyte

(a) None electrolyte (b) Weak electrolyte

(b) Cathode

The cathoderis thenegativeelectiode at which&ation gathers'and gains the
electrons inthe eléctroltic cell. Cations are the positively charged particles.
Na’, NH," etc

Scientific Information

« 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,

7.5.2 Electrolytic Cells

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 it is a device in which non-spontaneous chemical reaction is carried

‘ﬁ ' NOT FOR SALE
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Electrachemistry

out by passing electric current. Examples of electrolytic cells are Downs cell,
Nelson cell etc. -

(i) Electrolysis

Electrolysis is defined as the process of chemicaldecomposition /break down
of an electrolyte (ionic campound) in fused /molten state or in solution by
passing the electric current..

(ii) Construction of an eMﬂlytic cell

An electrolytic cell consists of a solution of an electrolyte. Two metallic 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.

Solution of Electrolyte

Fig. 74 Electrolytic Cell

(iii) Working of an electrolytic cell

When the electrodes are connected to the battery and electric current is
passed in the electrolytic cell, the ions in the electrolyte moves towards their
respective electrodes. The anions liberate .electrons at anode. These
electrons pass through outer circuit to the cathode. The cations which
surround the cathode, consume those electrons. Hence, the number of
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electrons lost is always equal to the number of electrons gained.

The battery can be thought of as an electron pump, simultaneously supplying
electrons to the cathode and receiving electrons from the anode. The anion
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. Forexample,
when electric current passed from the fused sodium chloride (NaCl), the
following reactions take place during the process.

2NaCl, » 2Nap + 2CIy

Oxidation reaction at anode:

ZCLE; > C‘;:-:Iqjl + Z2e
Reduction reaction at cathode:

2Ndym + 2e » 2Nag

Qverall reaction |

ZNam + 2Clp —  2Nag + Cl2g

(iv) Methods of Recovering Metals from Jts Ore

Electrolytic Purification of Metals (Refining of Copper) Vi
Pure Copper is very good conductor of electricity and is used-in electrical

instruments. Copper is purified by electro-refining. Large blocks of blistered

(impure) Copper are suspended as anode in the Copper Sulphate (CuSOy)

and Sulphuric acid (H,SO,) solution between thin sheets of pure Copper

which act as cathode. The operation is performed at 50°C and applied voltage

of about 0.3 volts and optimum current density used is 160400 A/my’,

When the electric current is passed Copper dissolves from the impure Copper

anode to give Cu*ions.
Reaction at anode (oxidation):
CUm e sz{m} + 2€

At the cathode, all the Cu**ions from the solution are reduced to metallic
copper and get deposited at cathode.

Reaction at cathode (reduction):

sz[;q] + Zé_ —_— CU[&}
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As the electrolysis is continued, Copper from tﬁe_anodes goes into solution.
Traces of more active metals like Zn, Fe, etc are also dissolved. The less active
metals, for example Au, Ag remain un-dissolved and settled at the bottom of
the cell as "Anode Sludge”, which is processed to recover these precious
metals. The voltage and temperature conditions are such that only Copper is

deposited at the cathode. By electrolytic refining up to 99.99% pure copperis
obtained.

thjij———

Impure copper y |
(Blister copper) Pure copper
(Sludge/

*CuSQO, + HESO‘
anode mud)

(electrolyte)

Fig. 7.5: Refining of Copper

7.5.3 Galvanic Cells (Voltaic Cell)

If the redox reaction in an electrochemical cell occurs spontaneously and
produces electrical energy, such a cell is called voltaic cell. The device, in

which chemical energy (frnm the reactions between the electrodes and the

solution) is converted into electrical energy, is known as the Galvanic cell. The
best example of voltaic or galvanic cell is the Daniel cell as shown in fig7.6.
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Voltmeter +1.10V

- e

- e

0.76 V

Salt Bridge

Fig. 7.6: Daniel cell
Construction of aDanielCell |
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 Elegtrede
dipped in 1M solution of zinc sulphate(ZnSQO,). The left half-cell is 2 copper
electrode dipped in 1M solution of copper sulphate (CuSQ,) 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 Bridge is 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-connects the two sclutions in the

anode container and the cathode container. A Salt Bridge performs three
functions,

I. Itallows electrical contact between the two solutions.

il. Itpreventsthe mixing of the two solutions.
iii. Itkeeps electrical neutrality in each half-cell.
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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 solution 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 reactions are

called the cell reaction. Thus, we have half cell reactions i.e. oxidation and
reduction processes, going on two electrodes simultaneously. Electrons
travelinjexternal circuit, while ions miove throu i the salt bridge'and inthis
way electric currentis pnb.d uced, These réactionsare as follows:

(i) Half —cell reaction at anode (Oxidation)

Znys) > Zn'%q + 26

(ii) Half - cell reaction at cathode (Reduction)
O b 420 ——tt Oy

Overall galvanic reaction (the sum of two half —cell reactions)

Znn) +Cu*‘?.q} e o Z“+?aq1+ Cue

The batteries which are used in automobiles, calculators, toys etc and to light
the bulbs work on the same principle, ‘
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Table 7.2: Differences between an Electrolytic Cell and Galvanic Cell

Electrnchemlcal cell (Galvamc Cell)

Electrnlytic ceﬂ

The redox reaction is spontaneous
‘and is responsible for the production

The
spontaneous and electrical energy has
tﬂ be supplied to |n|t|ate the reactmn

nf Electrlcal energy

col ' ected Eame_cmmﬁer m m- miﬂm af

. e
J 1
R ..|
.

rednx reactlc-n is

non

Eﬁth the efectrﬂﬁes are plamsl in a

The anode is negatwe and cathude is

the positive electrode.
: Y i B

s o,

=
e J——

The anode is pns:twe and cathnde IS
the negative electrode.

The electrons are supplied by the
species getting oxidized. They move
from anode to the cathode in the
external circuit.

The External bal'tery supphes 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 limited amount of
electrical energy, wherever it is needed. A

battery converts chemicals energy into

electrical enerqy, for specific period

@

time.

- 1

of Flg. 7.7 : Many common batteries
are 5IIT'|D|E‘ volitaic dry cells
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Dry cell:
The dry cell was prepared by LECLANCHE in 1887.
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
chemical reaction. A graphite rod is placed in the center of the container. This
graphite rod acts as cathode. This container is filled with the mixture of
Ammonium chloride (NH,Cl), Manganese Dioxide (Mn{}z] and Carbon (C).
This mixture is in the paste form. The cellis
water proofed with the wax. The voltage
produced by the dry cellis 1.25V.

Reaction in the Cell

Oxidation and reduction reactions occur
in the cell to produce the electric current.

Reaction at Anode

The Zinc acts-as-Anode in-the cell. The
Zinc 'is oxidized by lnsmg the two
electrons.

In  — Zn*2s 26 _ ;
Fig. 7.8 Internal structure of dry cell

Reaction at Cathode |

The graphite acts as Cathode in the cell. In the cell the NH,C| and MnQO, are
. reduced to Mn,0O, and NH.. '

2MnO;+ 2NH; + 2& » Mn03+ 2NH; + H,0
INH,Cl - » 2NH;+ 20T
Overall reaction
Zn*%+ 2C1 — 7ZnCls
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7.6 Electrochemical Industries

Electrochemical industries are based on many electrochemical operations.
Some of these are as follows.

.. 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. '

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.q. 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 from Fused NaCl

Sodium metal was first discovered by an English Chemist, Sir Humphrey
Davey in 1807, by the electrolysis of fused Sodium Hydroxide (NaOH).

Nowaday, 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 Cell

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 there is dome for the collection of Chlorine gas. The cathode is
circular and made of Copper or Iron. 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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_Moiten NaCl and CaCl,

Molten
Na _Molten Na
| - Cylindrical steel cathode
ZNa‘(l) + 2e—»  2Naf(l)
Cathode

“~lron screen

Graphite anode
220 —» Cl(g) + 2e

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 ionizes as

Fused Sodium Chloride contains Sodium énd Chloride ions.

2NaCl » 2Na'y +2CI%

(i) Half cell reaction at Cathode (Reduction)

The Sodium ions receive one electron each, to become Sodium metal atoms.
Hence the sodiumion (Na") is reduced at the cathode.

Na'y + 2e- » 2Nag,

202
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(ii) Half cell reaction at Anode (Oxidation)

The Chloride ions (Cl') moves towards anode and give its electrons to the
electrode and change to neutral chlarine 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.

2CI™ — L ZCIl{g] + 2@

, Clig) + Clig) ==t (Clyq)

Overall reaction is the sum of these two half-cells reactions

2(g)

2NEC|(ru5gm . > ZNEN + Cl
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7.6.2 Manufacture of NaOH from Brine

A concentrated aqueous solution of Sodium chloride, NaCl (Brine) is placed
In a special apparatus, known as Nelson cell for the manufacture of NaOH.

Nelson cell

It consists of U-shaped tube. This tube is made of steel. It is perforated. 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, Chlorine and
Sodium hydroxide is produced at the same time.

NaCl —» ——>
v == Cathode
Steel mesh
container
| Porous asbestos
Saturated NaCl lining -
solution (Brine)

Fig. 7.10 Electrolysis of Aqueous NaCl (Nelson's Cell)
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The saturated brine solution ionized as follows:
ZNECI[aq] —— 2Na’ (aq) +ZC|F&¢H

2H0n = = H%g + OHpg)

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 H, gas. Na" ions are not reduced instead they combine with
OH ions, present in the solution to form caustic soda (NaOH) which make the
solution alkaline, while CI” ions move towards the anode where they give
electrons to the electrode.

() Reaction at cathode:

Hiug + 26 —* ZHgg) (Reduction)
H + H | > H,
Z2Na'(aq) +20HGg) —> 2NaOHpq
(if) Reaction at anode: | _
- 'it-:’CT(a&;. ——r 2Clg + 26 (Oxidaﬁnn) .
'C] (a) + C|{g} —_— 02{9}_ ‘

The overall reaction:

2NaClisqr+ 2H,0n————> 2NaOHaq+ Hy, + Clag

Interestine Fact < LT g
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7.7 Corrosion and its Prevention

The meaning of corrosion to a number of penple is rust. The word "Rust” i
more specifically used for iron, whereas corrosion is commonly defined as
the deterioration of a substance (usually a metal) or its properties because of
a 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 usualiy starts at the exposed surface
of the metals. Carrosion is a naturally occurring spontaneous phenomenon
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 exampie of
corrosionis the rusting of iron.
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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

oxygen in the presence of water to form brown hydrated mass, ferric oxide
(Fe,0,.xH,0).

Fig. 7.11 Rusting of Iron
(i) The chemistry of rusting

Dents and stains are the site for the process of rusting. These sites are called
anodic region and following oxidation reaction takes place on these sites.

At anode
2Feg 5 2Fe*ty + 4e

This loss of electron damage the metals. These free electrons move in the
metal sheet, to a region of high concentration of oxygen (O,) and water near

the surface. These sites acts as cathode where electrons react with water and
oxygen to form hydroxide ion.

At cathode
2H;0 +Q3 + 4e + 40H
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Fe"*is furthers oxidized by atmospheric oxygen to form hydrated Fe“oxide
(rust)
Fe"e{aq] & FE+%aq) + E_
Fe” 13:;9 + SOH_(aq‘i — FE(OH)3{51
Rust

The rust mass is soft and porous in nature and therefore cannot prevent
further atmospheric action.

(i) 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. | Ay |
(b) Paints and Coatings

Paints and other organic coatings are used to protect metals from the

corrosion effects. Beside this modern paints contain a combination of
chemical called stabilizers. These stabilizers provide prevention against not
only corrosion but also against weathering and other atmospheric effects.

(c) Alloying

Alloying also helps to protect the corrosion of metals. The best example of
alloying is the stainless steel, which is a solid mixture of iron, chromium and
nickel. Stainless steel strongly resists the corrosion.

*:
|

Scientific Information

An alloy is a hnmugenu'i.ts mixture of metals or a mixture of metals and
another element (non-metals).

S —_—
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(d) Metallic Coating or Plating

Metallic coatings or plating, can be applied to inhibit corrosion as well as
provide aesthetic 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) CathodicProtection

Cathodic protection is a method u.suaﬁlly used to protect iron in buried fuel

+ tanks and pipelines. An active metal, such as magnesium or zinc, is connected
by a wire to the pipeline or tank to be protected (Figure 7.12).1t is because the
magnesium-or zinc jis-a better reducing-agent than iron, electrons are
supplied by the magnesium orzinc rather than. by the iron, keeplng 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 similar way by attaching bars of titanium metal
to the steel hull (Figure 7.12). In salt water the titanium acts as the anode and
is oxidized instead of the steel hull (the cathode).

sea water

Bars of titanium can be fixed to a Heavy blocks of magnesium attached to
ship’s hull to prevent the ship’s steel underground pipes made of iron to protect the
body from rusting. pipes [rom rusting.

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
another metal surface. Metal ion is reduced by passing electricity and a solid
metal is deposited on a surface is called electroplating. In an electrolytic cell,
the metal 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 salt of the respective metal which is to be deposited on the metal.

The purpose of electroplating are following.

i. Protection: To protect the inner metal from the atmospheric effect,
that is from corrosion. From example, Ni and Cr are deposited over
iron to prevent it from corrosion.

ii. Repair: To weld the broken parts of the machinery by depositing the
metalonit.

iii. Decoration: To deposit the noble metals like gold and silver on an
inferior metals to enhance its beauty.

Procedure of electroplating

In electroplating, the metallic substance to be Ei&ctraplateﬁ is cleaneﬂ 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 woaod, 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 converted
into ions in solution and these metallic ions are deposited on the cathode
(object). As a result of this discharge or deposition, a thin layer of metal is
deposited on the object. The cathode (object) is pulled out nf the electrolytic
cell, cleaned and dried.

Some examples of electroplating are given below in detail.
(i) Electroplating of Tin

The target metal is cleaned with caustic soda, treated with acids, in order to
remove the rust and oils /greases if any present on it. Then it is washed
thoroughly with water. The Electroplating of Tin is carried out in electrolytic

210
219

NOT FOR SALE



https://www.perfect24u.com/
https://www.perfect24u.com/

o ﬁu‘.': 1i5 ! Tl AT

Electrochemistry

cell. In this process, pure piece of Tin act as anode and is dipped in sodium
stannate (Na,Sn0O;-3H,0) used as electrolytic solution. The cathode is the
object to be coated with Tin. When the electric current is passed through the
cell, the anode 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:

SNy » SN"q +2€
At cathode:

Sﬁ+z(aq} + 2ée . e Sﬁm
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(ii) Electroplating of zinc

The target metal is cleaned and washed thoroughly with water. This object is
dipped in zinc sulphate (ZnSO,) containing a small amount of sulphuric acid
(H,S0,) solutions which act as an electrolyte. The object to be electroplated
acts as cathode, while anode is made of zinc plate or rod. When the electric
current is passed, zinc anode dissolve and converted into Zn"* ions. The
electrons move to the cathode, where Zn"* ions discharged and deposited as
Zn metal. The chemical reaction can be represented as, '

At anode: Zng > Zn*iag + 28

At cathode: Zn*%aq + 28 » Zng

(iii) Electroplating of chromium

The Electroplating of chromium is carried out in electrolytic cell. In this
process, pure piece of chromium act as anode and is dipped in chromic acid
(H,CrO,) solution containing small amount of sulphuric acid (H,SO,). The
object to be Electrﬂplated acts as cathode. The electrolyte ionizes and

produces the Cr” jons, at cathode they discharged and deposited on the
object. = | |

Reactions on electrodes are given below,

3+ -
At anode: Cris) » Cr g+ 3E
At cathode: Crazﬂq;. + 3¢ » Crg

Society, Technology and Science
To preserve the food and taste of the f"’_i preservatives ar&ﬂé&ed 'ﬁim_ﬂ
preservatives are usually organic acids sﬂﬂhﬂ& acetic acid and benz

...acfdsetc arthe;rsalts lfthefom:i and 'j"'j‘j. 2rages are cane

_ camr;ie the cans anﬁ wiil destrw th& f erages and may form |
toxicsubstances by reacting with iron or otherreactivemetal.
"'Tn dﬂﬁWlth these problems, food and bev 'f. ages industries use tin plz
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= 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 a substance is called oxidation.

= The removal of oxygen from a substance and addition of hydrogen or
electron(s) to a substance is called reduction.

= Oxidation state is the apparent charges on an atom whether pﬂsnwe or
negative duetothe lossor gainofelectrons.” |

= An nxldmmg agent is the specie that oxidizes a substance and ftsél‘f'géts
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

= A device in which interconversion of electrical and chemical energies take
placeis called electrochemical cell.

= An electrolyte is a substance in solution or in molten state, which
dissociates or ionizes into positive and negative ions and conducts
electricity. -

« Non- electrolytes are those substances which do not dissociate or ionize

in aqueous solution or in molten state, therefore, do not conduct
electricity.
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« The process of chemical decampnsiﬁon of an electrolyte in fused

(molten) state or in solution by passing the electric current is called
electrolysis.

» Electrodes are conductors i.e. plates, wires or rods, through which an
electrons enters or leaves the electrolytes 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 in an 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 Sedium chloride,
NaCl (Brine). _ = L <

= Electroplating is depositing of one metal over the other by means of
electrolysis.

« Corrosion is slow and continuous eating away of a metal by the
environment or surrounding.

214
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Choose the correct option.
i. The oxidation number of nitrogen N, is:
a. +1 b. +3
¢ 0 _ d -3
. What is the oxidation number of Cin CH,OH:
A& =2 | b, =1
c. 0 e P
ii. Acationis:
a. neutral b. negatively charged
c. withoutcharge d. positively charged

iv..  Electronsare lost bythe
: &. recﬁuaﬂgagemtas it undemues ﬁxtdatit:n
ﬁ reducing gagentasit ﬂndet’guéf: reduction.
c. oxidizing agent as it undergoes oxidation.
d. oxidizing agent as it undergoes reduction.
V. What is the oxidation number assigned to manganese in KMnO,;:
a. +7 b. +3
) d. +4

vi. In a particular redox reaction, the oxidation number of phosphorus
changed from -3 to 0. From this information, it may be concluded that
phosphorus:

‘a. Lost 3 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.
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vii.  Which statement is true for an electrochemical cell:
a. Oxidation occurs at the anode only.
b. Reduction occurs at the anode only.
G Oxidation occurs at both the anode and cathode.
d. Reduction occurs at both the anode and cathode.
viii.  In which of the following does sulphur have an oxidation number of
+7:
a.HSO," b. SO, c.H,S0, d. H,S,0,
IX. What happens to the reducing agent in an oxidation-reduction
reaction:
a. It is oxidized as it gains electrons.
b. Itis oxidized as it loses electrons
C. Itis reduced as it gains electrons.
dy [ Itisreducedasit loses efectrons. 1 | ,
X. In ah electrochemical cell,aléctronstravelinwhich direction:
a. From the anode to the cathode through the external circuit.
b From the anode to the cathode through the salt bridge.
C. From the cathode to the anode through the external circuit.
d From the cathode to the anode through the salt bridge.

SHORT QUESTIONS
Answer briefly the following questions. -

(i) Indicate which elementisreduced in the following reactions :
2 2

a. Cag+ ﬁrﬂg} » CaBr,,
e =B 2 2 0
B. 2HC| + Zn » ZnClL+ H;
(i) What is the oxidation number of silver on each side of the following
equation?
4Ag, +0Q,, reat » 2Ag,0,
216
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Electrochemistry

(i) Why NaOH is astrong but NH,OH is weak electrolyte?

(iv) How to prevent corrosion? Enlist few of the methods.

(v) Write chemical reactions that occurin Nelson's cell.

(vi) Write one example from daily life which involves the oxidation -

reduction reaction.
(vi) Assign oxidation numbers to each atom in the following compounds.
a. HI b. PBr, c. CaCo,

d.HPO, e As,0,  f H,SO,
(vii) Why O, is necessary for rusting?

ix) Sketch the Daniel cell, labeling the cathode, anode and the direction of
flow of the electrons.

(x) Write down some possible uses of an electrolytic cell.

LONG QUESTION
- la.Whatis a_lectfﬁ;siaung?

; _“l .,.f-l.Jlr- L!:?

%' ‘b.Distinguish tjetwe&n the nature c:fthe anode and cathode in guch a
~ process.

1 Differentiate between the processes of oxidation and reduction. Write
an equation to illustrate each.

M. a.  What is corrosion? Explain rusting of iron as an example of
corrosion.

b. Differentiate between electrolytic cell and voltaic cell.
c. Discuss the method of recovering/extracting of metal fromits ore.

V.  Discuss the preparation of Sodium Hydroxide (NaOH) from Brine
along with diagram and reactions at cathode and anode.

Project Work
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Chemical Reactivity

.

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

LLL e

T
I1,-
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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 in solid state at room

temperature.

A metal is one which react with oxygen
and produce a basic oxide. When it is

dissolve in water forms an alkaline I“thEPEﬁ“diCtabIEf .
solution which turns red litmus paper | Group 1 = All are metals except
blue Hydrogen

Group 2 = All are metals

Group 3=All are metals except
Boron

Group 4 = Tinand Lead are metals

Group5 = Antimony and Bismuth
are metals

Scientists redefined the metals on the
basis of loss and gain of electron. A
metal is an element which loses an
electron and forms a cation. For
example, sodium metal loses an electron

and form sodium cation (Na') , etc
Metals are electropositive and so they
~ have the tendency to lose electrons. The
only exception to this definition is the
non-metal, Hydrogen which is usually an
electron donor.

o

Actinides = All are metals

Group 6 = All are Non-metals
Group 7 = All are Non-Metals
Group 8 = All are non-Metals

d- Block Elements = All are metals
Lanthanides = All are metals
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Chemical Reactivity

Scientific Tidbit

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 > Nat + @
Ca - Ca*> + 2@
Al > Al*? + 3@

The elements having lower ionization energies have higher tendency to lose
electrons, thus they are-electropositive-or metallic in their behaviour. The
elements having Tow values of ionization ehergies are metals; Alkali metals
are the most highly electropositive elements, whereas elements havi ng high
values of ionization energies are non-metals. The border line elements
behave as metalloids.

Non-metals have the ability to accept electron(s) in their valence shell to form
negatively charged particles called anions.

F + e > Eo
Cl + & —_ cr
0 w2 > o

(i) Variation of Metallic Character across a Period
Metallic character decreases across a period from left to right. On the other

hand, non-metallic character increases with increase in atomic number

across a period. For example, let us consider elements of second and third
periods.
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Chemical Reactivity

Metals Metalloid Non-metals
A A A

Period 2 Li Be N 0. F Ne
Period 3 Na Mg Al P S Cl Ar
1
N A
Metals Metalloid Non-metals

In the second period, lithium and beryllium are metals; boron is a metalloid
while carbon, nitrogen, oxygen, fluorine and neon are non-metals.

[n the third period, sodium, magnesium and aluminum are metals; siliconis 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 is most metallic. For example, let us consider the elements of
groups4and 5.

In group4; the first-element carbon is a-non-metai: silicon and germanium
are metalloids while tin and lead are metals.

In group5, the first two elements, nitrogen and phosphorus, are non-metals
while arsenic and antimony are metalloids and bismuth is a metal.

Group IV anup v
C N |
Non-metals < Carbon Nitrogen
m > Non-metals |

Phosphorus

Metalloid <

> Metalloid

Metals <|
Pb Bi

Lead Bismuth
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Chemical Reactivity

Scientific Information e

| 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,

Zns + 2HClag =" ZnCly s+ Hy(g)

ZnCl 343 _— Zn+2(aq) - ZCT-(aqj

8.1.2-Alkali Metals

The élements ofthe TA group except Hydrogen are called Alkali metals. The
name 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 given due to the fact that
these elements react with water and form the strong Alkalies. Alkali metals
include the elements Lithium (Li), Sodium (Na), Potassium (K), Rubidium (Rb),
Cesium (Cs) and Francium (Fr). |

These metals have only one electron in their valence shell. Their valence sub-
shell is "s”. They are highly electropositive elements. The alkali metals lose
their one electron and form mono-positive ions. The ionization energy of
alkali metals is low. The electron thus removed is provided to an
electronegative element, to form ionic compounds. Elements of group I A
form ionic compounds with elements of group VIA and group VIIA.

22
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FI9.8.1 Alkali Metals

Occurrence of Alkali Metals

crust. Rubidium and Cesium occurs in small a
deposits. Francium is not found in nature. It js pPreparedin the laboratory.
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Table 8.1 Reactivity of Alkali Metals

Order of reactivity: lithiu

Chemical Reactivity

m <sodium< potassium

ar Reactions of alkali metals
Alkall Reaction with air Reaction with water Reaction with chiorine
(Oxygen)
Lithium Burns with red flame Floats on water and reacts Burns with a bright
wy | togivelithium syide, | quickly to produce jithium - | flame 10 fE white
ch iswhite solid - | hydroxide and hycreget solid of lithium
At.No=3 ' gas. chloride.
wm T+ 01[!} —— 1“10{;} 1”[{: T IH;G,'I_* ——}H—iﬂ”-:q] + H:{l} zLi{]j ) Chw — zm{ﬂ
Sodium Burns with a bright Floats on water and reacts Burns with a bright
(Na) yellow flame to very quickly to produce flame to give a white
At.No=T1 | prodgcewhite sodium h}'dfﬂﬂdﬁ'ﬁha solid ufmum
sodium oxide hydmgen gas. J r.hlunde
gNagy+ 0.(g) —> NGO | 2Nag) + 24,0 —5 INaOH oq* Hatg) 2Nag,) + Clyg —> iNaClis
Potassium | Burns violently with a | Floats on water and reacts Burns vigorously in
(K) little colored flame very violently (explodes) 10 chlorine with a bright
At.No=19 | 1O produce white produce potassium flame to qive a white
potassium oxide. hydroxide and hydrogen gas. solid of potassium
chloride.
4““ ' ﬂﬂl} —p IKTOIH' IK{ﬂ y iHIDf'] —p zHOH{ﬂ} + H}@ 2!.{’? + Elw — lﬂﬂ{q

NOT FOR SALE
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Chemical Reactivity

The elements of the group IIA are called Alkaline earth metals. The name of
this groupis due to they produce the alkalies and are wi dely distributed in the
earth crust, The Alkaline earth metals have two electrons in their valance
shells. Their valence sub-shell js "s” They are electropositive metals. They
lose the two valence electrons and form M™ jons. Their ionization energies
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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 occul 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 ceawater, Magnesium s an important
constituent of Chlorophyll. Calcium ic found in nature in the form of Calcium
phosphate and Calcium Fluoride. Calcium is the important constituent of living
organism. It occurs as ckeletal materials in DONES, teeth, egg shells, etc. Radium is a
-are element. Itis radio active in nature.

Difference between lonization Energies of Alkali and Alkaline Earth Metals

The minimum energy required to remove the valence electron from the outermost
shell of gaseous atom @ form the positive ion is called ionization potential or
onization energy. lonization energy of an element is measured experimentally in
joules of kilojoules per male.

(a) Tonization Energies of Alkali metals

The elements of group [ except hydrogenare 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
alectron is very easy, which make it the most reactive metals.

Na » Na" +1le AE=496k).mol

in alkali metals, lithium is at the top of the group, has the highest jonization energy
due to smallest atomic cize. It has only two slectronic shells. The distance between
the nucleus and the valence shell is very small. So the removal of electron is very
difficult and has higher \onization energy. Going down inthe group, there is increase
in atomic number, which result in the increase in atomic radius. Hence, the distance
between the nucleus and valence shellincreases due to which the valence electronis
less firmly held by the aucleus and the removal of electron becomes easier. Thus the
ionization energies decreases down the group, as shown intable 8.2.

226
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Chemical Reactivity
Table 8.2 Ionization energies in kJ/mol of Group IA ( Alkali Metals)

Elements Atomic Number Atomic Radius lonization Energy (kJ/mal)

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. hntizﬁe&bléy—* The main difference 1i's the electron
configuration, which is nS for alkaline earth Mmetals and nS for alkal; metals.

a
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Chemical Reactivity

Energy

Mg > Mg''+ 18 AE=T377 kmol ~

To remove a second electron from the valence shell of an ion, more energy IS
required because of - creased nuclear force of attraction.

Enerqgy 4

Mg*’ > Mg+ 18 AE=14507K mol”

© Beryllium, however, behaves differently. This is due to the fact that it is at the
top of the group and has the highest ionization energy in the group due to
the small size. |

Table 8.3 Ionization energies in kJ/mol of Group HA(Alkaline earth metals)

— [ Atomic | Atomic| First lonization [Second lonization
Elements| Number Ra%jus nergy (kJ/mol | Energy (K)/mol)
Be 4 112
Ca 20 1.97
Ba 56 2.24

Table 8.3, shows that the ionization potential values decreases down the
group in each case. The atomic number increases down the group with the
addition of one more shell for each period dueto which atomic size iIncreases.
As a result, the distance between nu cleus and the valence electrons increases
and thus a regular decrease in ionization energies of elements occur.

A comparison of ionization energies of groupIand group 1A elements show
that the lower ionization energy values of group IA elements make the ion
formation easier in these elements and thus alkali metals are comparatively
more reactive than the group IIA.

228
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Moving from alkali metals to alkaline earth metals (in a period) the melting
and boiling points, densities and hardness |s Increased. However 3

decreasing trend in Electrnpnsitivity, conductivity, reducing power and
atomic radii is occyrred.

Sodium

Sodium does not OCcuras a free metal in nature because it is tog reactive and
readily combines with other elements and cOmpounds. It is found in the sea

Fig.8.2 Sodium metal

Note: When freshly cut, alkal; metals shows 3 shiny and silvery surface that
rapidly tarnishes i air

(a) Position of sodiumin the periodic table
Sodium belongs to alkali metals. Sodium atomic number is '11' and its

symbol is "Na” It Occupies first position in 3“ period and 3" Position in group
IAas it has three electronic shells and only one electron inthe valence shell.

NOT FOR SALE



https://www.perfect24u.com/
https://www.perfect24u.com/

e U 1]
Chemical Reactivity

—

Table 8.4 Physical properties of sodium

= bas e
| R s e

s#| Characteristic | 19 S e
| 4 Appearance Silvery white solid
3
4

Softness | Soft metal, can be ~ut with kn fo
Density 0.971¢ cm> P

_ | Melting point L o ol
Boiling point 880°C

THas ::I T T S R e A
| | = 1 =WA THI LS = 'Trie=rficinsl g
S réiattvely W = \Slie strenguil g

Lighter than water it floats on the

(b) Chemical properties of sodium

Sodium isvery reactive alkall metal. It is a strong reducing agent. Some of its
simple reactionsare givenbelow. B ~ R A

:  Reaction with hydrogen
Sodium reacts with hydrogen to form sodium hydrides.
2 Na-.g. + i-i:q; ZNBH <)

:  Reaction with oxygen

Sodium reacts with oxygen to form basic oxide (Na,0), which on
reaction with water forms alkali (NaOH). This I1s a characteristic
reaction for metals, that is why the elements in this group are called
alkali metals.

ANa + Oﬁlgf » Z2Na 20;‘-.:3
Na; Oy + HED;:; — > ENBOHwtﬂ

jii. Reaction with water

Sodium reacts with water vigorously, liberating hydrogen. The
reaction is exothermic because of the heat produced, the liberated

hydrogen catches fire.
P Na-i_{-""ZHZO_h - 2NEOH[&|"}I_’ * H?]'gj > HEET

230
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Chemical Reactivity

itis kept in kerosene oil or liquid
Oxygen and water),

Due to the high reactivity of sodium
paraffin to avoid jts contact with air (

iv. Reaction with halogens
Sodium reacts with halogens to form sodium halide.
2 NE{;} + Clzfg}

» Z2NaCl ()

2 Na{;} + BI".’»‘:{I] — > 2 NEIBI’{:]

Sodium’is a powerfyl reducing agent. It reduces most of the oxides
and halides,

2 Na + Mgy — = Na:Og,) +Mgg

ANag + Ti

¥ | + _t:]ﬂs} S ——i dNﬂC‘i’ﬁ‘i’ Ti{sj
(€) Usesof Sodium

. It is used in sodium vapour lamps (which give a bright orange - yellow
light) for street lighting.

[tis used as coolant in nuclear reactors.
iv. Ttis used in the purification of

fromit. This process is called
It is used as reducing ag
Zirconium etc. from their chl

vi. It forms alloys with other
called sodium amalgam an

il

Petroleum, in order to remove sulphur

desulphurization.

ent to prepare metals such as
oride and oxides,

metals. It's most usefui alloy i

V.
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Chemical Reactivity
Magnesium
Magnesium is the member of alkaline earth metals. It occurs in nature only in
combined state, as Dolomite (CaCO,.MgCO3), Kieserite (MgSQ,), Epsom sait
(MgS0,.7H,0), in many silicates including talc and asbestos. Magnesium is
present in sea water as chlorides and bromides. It is responsible for
permanent hardness of water. Itis alsoan essential constituent of chlorophy!l

in green plants.
(a) Position of Magnesium in 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 A as it has three electronic
shells and two electrons in the valence shell.

Table 8.5 Physical properties of Magnesium

s#]|  Characteristic ‘

1. Appearance Silvery grey solid

2. Density 1.74g/cm’ ] |

3. Melting point = 7655 ~ Sl e TSR

4. Boiling point 1106'C

5. Malleable and ductill Malleable T e b

6. Conductivity Good conductor of heat and electricity
Calcium

Calcium is too reactive t0 occur as free metal in nature. It occurs

abundantly in the combined state In minerals such as calcium
carbonate (CaCO,), In lime stone, marble, chalk and as calcium

Pure calcium
Fig.8.3 Calcium forms

'23_'3
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s G rs o '.:'-'-".:.':'H:"fr-‘ 3 — | PI" :
| Silvery white solid
kel [ 1.55gem
5. Bo!llng pulnt | 1;18?”C
Gb : 4?&?:::;3;@@@5 Malleahte and ductile
) th. i | Good Cﬂﬂductar of heat and elecrricify
| Mical properties of Magnesium and Calcium -

. Magnesium and ca ci .
> o LdiCium ¢ : RS I .
hydiides,) ([ Comeines directly with hyclrogen forfaing

Heatin
Mgls] " HE{Q}"“‘—*"——E-—-p MgH 2¢

Cay, * Hyg) —uuu—y CaHyy

L]
1L

characteristic brick red color flame

Heati
EMg[',;} + qu} '_—————L., zmgqﬂ

Heati
oy * T 2CaqQ,
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m oxide (MgO) and calcium oxide

gnesiu
basic solutions.

ter, they form

When these oxides, ma
(CaQ) are dissolved inwa

2MgOgs) + H200

2Ca0i + H20w

Magnesium and calcium reacts with nitrogen (N2) forming their

respective nitrides.
Healing
> M93N 2(s)

3 Mg + Nag)
Heating s 8 ; NE(S}

3 Cap + NE{g) e

Magnesium and calcium reacts with acids liberating hydrogen gas.

V.
Mg, +2HC g ~ » MgChgy + H2g
Mg Wo504aq) — T2 Wfbm + (Hag)
Cas) +2HCkey — » (CaCl 2(aq) + H;g[g]
Cag + H25046q) — CaSOypaq + Hu9
V. Magnesium and calcium reacts with halogen to form their respective
halides. -
Mg + T2 -+ MgClag

Mg + Brag
== - CaClyg

Ca + C2igg —
Cag + Bram ot CBBI'Z{S'I
g5\
234
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Chemical Reactivity

Some of the uses of Magnesium are following,

} Magnesium is low density metal, so it is ysed 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 [tis also used in photographic flashlight powder flames and fireworks.
i, It is used as deoxidant in metallurgy and in the extraction of Titanium

V. Its compounds such as magnesium oxide (MgO) are mixed with clay,
to make refractory bricks for furnace lining.

V. Magnesium Sulphate (MgSO,) is used in textile, paper industry, soap
formation and Pharmaceutical industri es etc.

(ii) Uses of Calcium

Some of the uses of Calcium are following.

Lo Calciu misusedasa deoxidant in steel castings and copper alloys.

i, Itisusedin the making of calcium fluoride and calcium hydride and in
the extraction of uraniy m. '

i, Their compounds such as lime (Ca0) is added to soil as fertilizer to
decrease ijts acidity. It is also used for water softening, pollution
controland in pulp, paper, sugarand glass Manufacturing industries.

iv. Itis used in steel making.
8.1.4 Soft and Mard Metals
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: ~ Sodium (Na)
Sodium is an alkali metal, with atomic
number 11,
One electron in their outer most shell
and is very soft and can be cut with
knife,
Sodium is soft, atoms are less firmly
held together with metallic bonds.

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/cm’

Lighter and floats _ on the surface of
water

where stress is required

Very reactive, stored in kerosene oil

Table 8.7 Comparison of properties Sodium (Na) and Iron

Chemical Reactivity
(Fe)

lron (Fe) 2
‘Iron is a transition metal, wi th atomic
number26. T

Low iensi’l&itreﬁgﬁ,ﬂcanw F T g = 'f -.

air (unlike most base metals)

rhodium (Rh), palladium Pd)
(Pt) and gold (Au). Some chemists
copper (Cu) as noble metals

in nature.

ornamentation (jewellery, art, etc.).

NOT FOR SALE

include mercury (HG
Thece metals are relativel

The noble metals are valuable because of thei
crust and their usefulness in areas like metallurgy, high techn

Hard and requires -gfe'ﬁi énergy to
break,

F W F y . ] E o [ M -
. :':. e E j‘.'- E i B :
ron ard, 1oL dnd | & S
- . [ i F o (LT L - i =y - -
e o ',:-_-: -‘_: _—F':' 1|' o iy | o e i -__ o =L . .
' [N T R e s >
; o | -
- I

bonding. s et A TR
Strong attractive force between the
atoms of iron. |

| Meiﬂngmintﬂfkmi&ﬁg&“t
Boling point of iron is 2862°C.
Higher density 7.674g/cm’
Heavy and seftlesa t the bottom of

S sl et 5 PP

| Less reactive than sodium.

8.1.5 Inertnessof Noble Metals
Groupland group Il metals are fairly react
potential butthetra nsition metals have a tendency of lowre
reactivity is due to their high ionization energies.

Noble metals are those metais, which resist oxidation and corrasion in
Chemically noble met
silver (Ag), osmium (Os), 's

ive because of their low jonization
activity. Theirlow

moist
als are ‘Ruthenium (Ru),
ridium (Ir), platinum
), rhenium {Re) and
y inert and found free

r inertness, rarity in the Earth's
ology and
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Chermical Reactivity
platinum is heavy, soft, malleable, ductile (easy to draw into wires) and has 2

fairly high melting point (1770°C). It is noble metal because it is un-reactive.

It does noteven react with oxygen in air and itis resistant1o react with acids.
platinum is used in the catalytic converters 10 remove pollutants from car

engine exhaust gases. But as an expensive metal, so other metals such as

palladiumetcare used in its place.
The ease with which platinum can be shaped, 115 strength, colour, hardness

and inertness makes + suitable for jewellery and gem setting. Un-reactivity
also makes it useful in dental fillings, making surgical tools, coating and
apparatus for <cientific laboratories. Apart from that, platinum is also used in

the electrical industry, In lasers and in making photographic materials.
(iii) Gold (Au)
Gold has been used to make ornamental objects and jewellery for thousands

of years. Special properties of gold like very high luster, attractive colour,
inertness, tarnish resistivity, ability 10 be drawn into wires, hammered into

cheets or castinto shapes etc makeitperfectfor manufacturing of jewellery
Pure gold-is 100 soft to resist the stresseszapplffied:tn many jewellery items.

Alloying gold with other metals such as COpper. <ilver and platinum increase
its durability. In olden days the coins Were made of gold. Gold coins Were
commonly used N transactions up to paper currency became a More

common form of exchange.
Gold is used In <tandard desktop or laptop computers. The rapid and

accurate transmission of digital information from one cO mponent to another
requires an efficient and reliable conductor. Gold meets these requirements
better than any other metal. The importance of high quality and reliable
performance justifies the high cost. Gold alloys are used for dental fillings,
tooth crowns and orthodontic appliances. Gold is used in dentistry because it

is chemically inert, non-allergic and easy for the dentist towork

8.2 Non- Metals
Non-metals are those substances which are nonconductor of heat and

electricity. They are neither malleable nor ductile. Their oxides and

238
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hydroxides are acids. Non-metals exist in all the three states of matter at
room temperature.

A non-metal is one which burns in Oxygen and produce an oxide which is
usually acidic. When dissolve in water form an acidic solution that turns blue
litmus paper red. -

Scientists redefined the non-metals on the basis of |oss and gain of electron,

A noble metal is a rare element of high durability and €conomic value. The best
known ﬁﬂﬁlﬂ-ﬂiﬂtals 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,
! Oﬁ%hdﬁm%rﬁﬂfémnﬁ. of which Platinum are the most widely trade.

Phosphorous, seleniy m, silicon and sulphur),
* Three metals Mercury (Hg), M.P 38.87°C, Galium (Ga) M.P. 29.76°C and cesium
M.P. 28.4°C occur in liquid form. Only one non-metal, Bromine (Br) M.p. 7.2°C

occurs in the liquid state.
‘i NOT FOR SALE
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They form mainly acidic oxides which
dissolve in water to form acids.

basic oxides form a
dissolve In water.

Ikalis when they
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6. h-ey: donot¢ They meine easily with Hydrogen to
Hydrogen. Few hydrides formed form many stable covalent hydrides.
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8. Good
electricity.

— Sl
= i

Poorconductors of heatand
electricity (except graphite)

of heat and

8.2.1 Electronegative Character

Al non-metallic elements have the ability to gain electrons from other
olements and hence are electronegative in nature. Electronegativity is a
measure of an atom’s ability 10 atiract 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 clectronegative elements, which are
nonmetals. At the right corner of the periodic table is the group VI, which 1s
the most electronegative In the non-metals.
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8.2.2 Halogens

Group VI elements are Collectively called halogens. Halogen fa mily consists
of five elements fluorine (F), chlorine (CI), bromine (Br), iodine (1) and astatine
(At). The word ‘halogen’ 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,

gases, bromine is a liquid, lodine and astatine are solids, Halogens are very
reactive, the reactivity decreases from fluorine to astatipe. Fluorine is the
Most electronegative element. Astatine s radioactive with short half-lives.

Halogens Reactivity

Fig.8.5 Different halogens
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(a) Physical Properties of Halogens

The group of halogens is the only group in
< of matter at standard temperature and pressure.

Some of the characteristics

periodic table which contains

elements in all three state
They are poor conductors of heat and electricity.

properties of halogens are givenin table 8.9.

greenish
gas

black solid and
when heated it

(b) Chemical Reactivity of Halogens

Halogens are strongly electronegative e
form negative ions, when react with strong
Halogens are very reactive elements, existing i diatomic state. They form
single covalent bond between their atoms. They react with hydrogen,

lements. They have the tendency o
ly electropositive metals.

otals and other compounds.

oxygen, metals, non-m
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ydrogen to form the respective hydrides. Fluorine
reacts violently, chlorine reacts in the presence of sunlight, bromine reacts on
heating, and iodine reacts reversibly with hydrogen.

HF differs from other hydrogen halide as it is liquid at room temperature due
to strong hydrogen bonding. These hydrides actasa strong reducing agents.

Mg + Fag —————s 2HF,
HZ(g) + Brzm '—_'_"—"—'l"'A | zHBf{l]
HZ{gJ . Iﬂ!? Fé 2HIy)

ii. Rmﬁunﬁﬂrﬂxygm

Fluorine reacts with oxygen to form fluorine m
other halogens form oxides like, Dichlorine

tetraoxide (Br,0,) and Iodine pentoxide (1,0,),

onoxide and dioxide, while
heptoxide (CL,0,), tribromine
Oxg) + 2F;(g) See— 20F )
Qg+ Forg) ——n OzF2(g)
iii. Reaction with Metals

Halogens reacts with metals to form the corresponding ionic halides. The
ionic character decreases down the group.

Cus + By ————— CuBnpy
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Chemical Reactivity

2P + 3Clyg) —» 2PCl3(ag)
2Pg + 3Brypy — » 2PBriaq
2P + 5Chyg » 2PClgaqg
2Py + 5Brygy — » 2PBrsag)

v. Reaction with other Compounds
Halogens oxidize certain compou nds and itself reduced during the reaction.

HoSaq +Clyg) » 2HClag + S

ZNHg{aq]‘l‘ 3'(:] 2(a) > EHC!{aq‘j + Nl{g]

Chlorine reacts with lime water, Ca(OH),, to form bleaching powder.
Ca(@H%ea * Chig T2 '&Mlzm} +H Oy

Thus they act as an oxidizing agent but oxidation power decreases down the

group with increasing size of the halogens.

vi. Displacement reaction 2o

A more reactive halogen will displace a less reactive halogen from its halide

<olution. The reactivity of halogen decreases down the group.

Order of reactivity

F>Cl> Br>[>As

2NaBrg + ClZ(g] » 2NaCl@a) +Brzm
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Describe and explain what will happen when bromine water Is added to
pottasium iodide solution.

(i)

(ii)
(iii)
(iv)

Chemical Reactivity

=

Bry, + 2 KL, * Ly +

Infer the identity of an element.
Element found in period 3.

Will displace iodine from sodium iodide,
Greenish gas, which is denser than air.
Used in swimming pool to kill germs.

Elements of group IA (except hydr?ﬂg_ﬂnj group IIA; group IIA (except

boron) three elements from each of IVA and VA, lanthanide, actinide

and d-block / transition elements are all metals.
Metals are electropositive in nature,
Non-metals are electronegative in nature.

Elements of group IA(except hydrogen) are called alkali metals,
elements of group IIA are called alkaline earth metals,

Alkali metals are highly electropositive elements.

Alkali metals are very reactive, found in combined state.

Elements of group VIIA are called halogens.

Halogens are highly electronegative elements.

Halogens are very reactive, foundin combined state.

Sodium is softand iron is hard metal.

Noble metals are Ruthenium, rhodium, palladium, silver, asmium,
iridium, platinum, gold, mercury, rhenium and copper.

Silver, platinum and gold are precious metals.
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Choose the correct option.
. Bromineis a non-metalin:
a. Solidstate b. Liquid state
c. Gaseousstate d. Plasma state
. Hainwﬂactwith metals to form:
a. Halides b. Oxides

c. Halogensulphides d. Hydrogenated compounds
i. Alkali metals are:
a. Oxidising agerits b. Dehydrating agents
'(??.Educing agents d. All the above
iv. Among the alkali metals, the metal with the highest ionization

potential is:
~.a Na b ki
" kg IRD d GCs
v. Thehalogen presentinthe solid formis:
a. Chlorine b. Fluorine
mine d. Bromine

vi. Tendency of ametal to lose electron is called:
a. Electronegativity BT"EFe?trupnsitivit;r -
c. Electroplating d. Electrolysis

vii. The word Alkali means:

a. Base b. Basicsalt
c. Acid d.” Ashes

viii. The oxide of calcium CaO IS:

a. Acidic QA b. Basic
c. Amphoteric - d. Neutral
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ix. Which one of the following is not an alkali metal: -
a. Francium ~ b. Césium
¢. Rubidium - a./(R;:dium
x.GroupIIA elements are named as Alkaline Earth Metals because;
a. Theiroxides are basic S
b. Their oxide and hydroxides are water soluble

C Bothaand b IR
d. Theyare found in earth | g

© SHORT QUESTIONS | .
Almhrloﬂytlnfolbwhgqunﬂom. | | .-7”*‘-~_--"

<] | Entifya_tleasttwngrnups which contain nniymetﬁllicelebrri‘e;r_lts‘.
. Write down the reaction of group -IA metals with oxygen, ‘with

balance equations. .
iii. Statethe physical pro perties of metals. WAV 1
iv. How does sodium act as reducing agent and write down its reactions
also. R AT
v. [onization e'nergy of alkaline earth metals is higher than a_Ik'a'H:inetals,
why?

i

vi. Pure gold is not used for orna ments, why?
vii. Whatare the uses of magnesium?

vil. Write down the reaction of chlorine with sodium hydroxide with

}alance equation.
E._'I-_Iow does ionization energies values varyingroup?
X. What happens during displacement reaction in halogens? - -
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Chemical Reactivity

LONG QUESTIONS
L  Compare and contrasts the properties of alkali and alkaline earth
metals, with reactions.
. a.Differentiate between hard and soft metals.
b. Give the reaction of magnesium with,
(NH, (ii) HCI (iti) O, (iv) HLO WCl;

the reasons why some elements exist as free elements in

. Discuss
ounds. Give two

nature while other occurs in combined states as comp

1\)ymp:lfsrs of each type.
“"Define metal and non-metal and compare the properties (both

Vphysical and chemical) of metals and non-metals.
V. Halogens arevery reactive elem e‘n_t%,_ﬂ_r!itg down halogen’s reactions

with hydrogen, oxygen, metals, non-metalsand other compounds.
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GLOSSARY
Absolute A temperature, measured on the Kelvin scale that must he
lemperature used 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 1A of the periodic table e.g. Li, Na, K. Rb
Cs and Fr
Allotrope One of two or more forms of an uncombined clement; 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. '

Anguhr ' A three-atom molecule in which the atoms do not lie on g

Molecule line e.g. H,0 molecule.

Anion A negatively charged ion.

Anode The electrode where Oxidation oecurs in an electrochemical
T reaction.

Aqueous Any solution in which water js the solvent.

Solution

Atmosphere The cavelope of air surrounding the Earth,
Atmospheric The pressure of the atmosphere. A unit equal to 760 torr

Pressure and abbreviated as atm that je 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 1sotopes of an element, compared with one
twelfth of the mass of a C atom,

Atomic Mass A mass equal (0 one twelfth of the mass of a “C atom:

Unit abbreviated as amu.
Atomic Number | The number of protons in the nuclens of each atom of an
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

Number C-12.

Battery A combination of two or morce galvanic cells.

Binary A compound composed of two elements e.g. NaCl.

Compound

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 reduc {ion occurs 1n an electrochemical
reaction. | 3

Cation A positively charged ion. |

Cell An electrochemical apparatus 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)
4 chemical reaction creating electricity (voltaic cell), or (2)
electricity creating a chemical reaction (electrolytic cell).

Charge A guantity of electricity, measured in coulombs or faradays.

Charles’ Law At constant pressure, the volume of a given sample of gas 18
directly proportional to 1ts absolute lemperature.

Chemical A chemical reaction. Irreversible change.

Change

Chemical A property related to changes in the composition of a

Property substance.

Chemical A change in which the composition (or structure) of one or

Reaction more substances is changed.
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The study of the interaction of maltter and energy and the
changes that matter undergoes.

A chemical combination of elements that has a definite
composition and its own set of properties.

The quantity of solute per unit volume of solution or per
unit mass of solvent.

A change of phase from gaseous to liquid or solid.

A bond resulting from electron sharing.

A solid with a regular internal structure of repeating units
and a definite melting point.

The theory that matter is made up of small particles (atoms)
that have properties which arc characteristic of an element.

A cell with zinc and copper electrodes.

The given ratio by mass of cach element in a compound to
any other element in the compound,

| The mass per unit volume of a sample of matter.

N | A molecule Eﬂﬂt&lﬂlﬁg {x;.fniﬂt[)ﬂlﬂ c.g. H2

The relationship in which one variable changes by the same
factor as another,

Separation of ions from their close proximity in a solid
lattice to a distance when dissolved in a solvent.

To go into solution, making a homogeneous mixture.

| The sharing of two pairs of electrons between two atoms.

The branch of chemistry dealing with the interaction of
chemical reactions and electricity.

Electrodes are the conductors i.e. metallic plates, wires or
rods, through which electrons enters or leaves the
electrolytes in a cell. |

Production of a chemical reaction by means of an electric
current,
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Electrolytic Cell | An apparatus .0 which electric energy can be used to |
produce chemical reactions.

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 10 attract electron pair in the
formation of a covalent compound.

Electronic The arrangement of the electrons in an atom, ion Or

| Configuration molecule.

Element A substance that cannot be broken down into si*_r_npler'
substances by chemical means, one of the basic building
blocks of which all matter is composed.

Family Tn the periodic table, a column that includes ¢lements with
similar chemical properties. Also known as periodic group.

Formula A combination of symbols dnd subscopts that identifies the
composition of an element, compound or ion.

Formula Mass The relative mass of one formula unit cgmpared to the mass
of a '*C atom, which is defined as exactly 12 amu.

Formula Weight | Sum of masses of A1l the atoms present in one formula
unit.

Freezing Changing from a liguid to a solid state.

Galvanic Cell A voltaic cell.

Gas A state of matter; a substance that attain the volume and
shape of its container.

Group In the periodic table. a column that includes clements with
similar chemical properties; a family.

Halogen An element of periodic group VIIA: F, Cl, Br, 1 and At.

Heterogeneous A physical combination of substances having

Mixture distinguishable parts.
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Homogeneous A physical combination of substances whase parts are not |

Mixture distinguishable, even with the best optical microscope; a
solution.

Hydrate A compound that has water molecules bonded in it.

Hydrogen The intermolecular force resulting from the attraction of 3

Bonding hydrogen atom on ope molecule 0 a small and highly

: electronegative atom (F. O of N) on another molecyle (or

the same molecule).

Inorganic The branch of chemistry dealing with compounds other

Chemistry than those containing C - C or C— H bonds or both.

Intermolecular | An attraction between molecules.

Force

Inverse A relationship in which ope variable gets smaller by the

Proportionality | same factor as another gets larger or vice versa.

lon A charged atom or group of atoms,

Ionic Bond The attractive force between oppositely charged ions.

lonic Size- | Thesize of an ion.

Tonic Solid A solid m.mung of ions.

Ionization T?R;t:.ﬁ.u:l:i-:m 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

caleulations.

Law A generalized statement that summarizes a collection of
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 2 bonded atom.

Malleable Able to be hammered or pressed into shape without
breaking or cracking,
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Mass Number The sum of the number of protons and the number of
neutrons in an atom: the distinguishing difference among
3 isotopes of a given element.
Matter Anything that has mass and occupies space.
Melting A change of phase from solid to liquid by heating.
Metal An clement on the left side of the periodic table. An
(o e electron donors specie.
= I R
Metallic Solid A solid consisting of atoms of one or more elemental
metals.
Mixture A physical combination of substances having properties of
: its components €.g. alr.
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 <uantity for any substance; equal to
- 6.02 x 107 particles (atoms, molecules or formula units) of
B the substance; abbreviated as mol. |
Molecular The formula of a molecular substance that gives the ratio of
Formula atoms of each element in a substance molecule.
Molecular Mass | The relative mass of a molecule of a substance compared to
vou ] the mass of a C-12 atom.
Molecular Shape | The spatial arrangement of the atoms in a maolecule.
Molecular Molecular mass of all the elements present in the molecule.
Weight
Monatomic fon | An ion consisting of one atom only.
Neutron A subatomic particle that has no charge and a mass slightly
- greater (han | amu. Present in the nucleus along proton.
Noble Gas An clement of periodic group zero: He, Ne, Ar, Kr, Xe and
Rn.
Noble gas Electronic configurations like that of a noble gas, with 8
Configuration electrons (or 2 for very light elements) in the outermost

shell.
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Non Electrolyte | A compound that is not ionized at all, even in aqueous |

solution.
Nonmetal Hydrogen or any element on the right hand side of the
periodic table.
Nucleus The center of an alom, consisting of the protons and
neutrons.
Octet A set of 8 electrons in the outermost shell of an atom or jon.
Octet Rule Atoms or ions with an octet are stable.
Orbit As described by Bohr. the circular path for electrons in an
| atom around nuclens 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, Loss of clectron or hydrogen.

Oxidation A number assigned (o an element in chemical combination

Number which represents the number of electrous Jost (or gained, if
the number is negative), by an atom of that element in the

F compound :

Oxidation- A reaction in which the oxidation number of one element is

Reduction raised and the oxidation number of another element (or the

Reaction same element) is lowered.

Oxidation State | The oxidation number. 4
Oxidizing Agent | A species that can increase the oxidation number of another

reactant. )
Partial Pressure | The pressure of one gas in a mixture of pases.
Percent Parts per hundred parts,

Pereent by Mass | One hundred percent times the ratio of the mass of an
element in a compound divided by the mass of (he
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,
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A state of matter: solid, liquid or gas.

Phase

' Phase Change A ftransition from one 1O another of the three states of
matter, for example, from gas 1o liquid.

Physical Change | A process in which no change in composition OCcurs.
Reversible change.

Physical The branch of chemistry dealing with the physical

Chemistry properties of substances.

Polar Bond A covalent bond in which there is unequal sharing of

electrons.

Polar Molecule

A molecule that has a permanent dipole.

Polyatomic lon

An ion composed of two or more aloms.

Pressure Force divided by area.

Property A characteristic of a substance.

Proton A subatomic particle with a mass slightly greater than |
amu and a charge of +1 allocated in the nucleus.

Pure Substance) | Ab glement or compound. - g

Reactant Any substance that undergoes a qhe_nﬁgml.rﬁactiqm- and thus
appears on the lefti-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 solution of an inert electrolyte that connects two half-
cells in order to complete the circuit in a voltaic cell.
Saturated Solution which cannot dissolve further amount of solute at
Solution 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; a substance that has definite shape and

volume.
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ﬁSoluhi]ity ' The concentration of a saturated solution at a given_1
temperature. |

Solute ' The com;}anent of a solution that is dissolved in another
component, the solvent. It ig always in less amount.

Solution A homogeneous mixture.

Solvent The component of solution that does the dissolving. It is
always in larger amount. :

Standard A basis for comparison, such as the mass of C -12,

Standard A pressure of 760 mm of Hg.

Atmosphere

Standard State | The normal state for a substance ar I atm and the
temperature involved: for €xample, the standard state for
Oxygen at 25°C is gaseous O, molecules.

State A phase in which matter exjsts solid, liquid or gas

Strong A compound that is fully ionized in agueous solution e.g

Electrolyte NaOH =S

buhatﬂm!n 1 | A Pproton, neutron, electron, deuteron, positron, alpha

Parfitle § 1\ particle, etc. . - |

Sub-shell The portion of a shel characterized by the same principal
quantum number and the same angular momentum quantum
number.

Supersaturated | A solution Which contains more amount of solute than the

Solutivn 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

Molecule of 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 I mm of Hg.
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Trigonal Planar | A molecule with stoms oriented toward the corners of an

molecule equilateral triangle, with the central atom in the same plane.

Trigonal A molecule with atoms oriented toward the corners of an

Pyramidal equilateral triangle, with the central atom out of that plane.

Molecule

Trlple Bond A covalent bond consisting of three pairs of electrons
shared between two atoms.

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.

Unsaturated A Solution which can dissolve further amount of solute at a

Solution particular temperature is called unsaturated solution. =

Unshared Pair A pair of clectrons 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.. | Theoutermost shell containing electrons in an uncombined
atom, or that same shell even when the atom is combined in

a 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 occupied by a sample of matter.
Weak A compound that 1s only slightly ionized in aqueous
Electrolyte solution. |
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Alkah Metals 69,222
Alkaline Earth Metals 70,225
Allotro; 145
Amorphous Solid 143
Atomic Mass Unit 18
Atomic Model 41
Bohr's 45
Dalton’s 41
Rutherford 42
Atomic Number 55
&tomic Size 73

Chﬂ'mical Bond

Carbon Dating 58
Chemical Species 24
Compound 9
Compressibility 125
Co-ordinate Covalent Bond 103
Corrosion 206
Covalent Bond 98
Colloids 173
Crystal hnf: Sﬂhd 144
Diamond 146
Daniel Cell 196
Diffusion 123
Dipole-dipole interaction 111

e —

Eftusion ' 124
Evaporation 134
Electrolytic Cells 191
Electrolyte 192
Electrolysis 194
Electron Affinity 80
Energy Levels 45
Element 7
Electrode 192
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