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l1. Introduction

philosophers s ated that all matter
could be broken down into fovuf basic

substances: ﬁre, air water and earth.




*In the 5t century people pondered fmrther on the nature of the primitive elements
and thought the there must be things that are still smaller something which is
common n every substance this made them think deeper and discover the presence

of ultimate smallest partic[e the ‘Atom’.




—

“The atoms are so small that they are not visible by naked
eyes. Fire, air, water and earth also have their individual

atoms which are connected which each other.

*After atoms a term for s[ightly bigger entities was coined
that term is known as molecules.




2 Dalton s Theory And The

“At the end o the nineteenth century, scientists were

able to ddferenttate between elements and
compounds. Antoine Laurent Lavoisier and Joseph
Louis Proust gave two laws, expl aning the chemical
combinations of elements. These laws are called

the Law of conservation of mass and the Law of
constantproportion.




2.1 Law of
conservation of

The law of conservation of mass states that the mass ofa closed system will remain constant
in achemical reaction. In other words, mass can neither be created mnor destroyed n a

chemical reaction. This law was first formulated by Antoine Laurent Lavoisier in 1789.

.




2.2 Law of Constant

Proportion

> My / are composc

elements. The proportion in which elements are present n

a compound remains the same, lrrespective of its method

of preparation.

“For example, pure water obtained from any source and

fvom any country will always contain two hydrogen atoms
and one oxygen atom. Hydrogen and oxygen Vespectively

combine together in the ratio of1:8 by mass to form

water.
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“The ratio by the number of atoms for water will always be H:0 = 2 :

1. Thus, 18 g of water contains 2 g of hydrogen and 16 g of oxygen.
Similavly, In ammonia, nitrogen makes up 14/17 ofthe mass o

ammonia while hydrogen makes up the remaining 3/17 of the mass.
lrrespective of the source from which ammonia is obtained, it will
always contain nitrogen and hydrogen in the ratio of 14: 3 by mass.
Thus, 17 g of ammonta contains 14 g of nitrogen and 3 g of hydrogen,
and 34 gofammonia contains 28 gof nitrogen and 6 g of hydrogen.
This led to the law of constant proportion.



*Thus, according to the law of constant proportion, a chemical substance always

contains the same elements in aﬁxed proportion loy mass, irrespective of its

source.

“The law of constant proportion is also known as the law of deﬁnite proportion.
This law, which was introduced by Proust, stated that ‘in a compound, the

elements are a[ways present n deﬁnite proportions by mass’.

.
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2.3 Laws of Chemical
Combination and Dalton’'s

“The next challenge for the scientists

was to come up with proper explanations for these laws. This was undertaken
by aBritish chemist, John Dalton. He picked up the idea of divisibility of
matter and said that ‘atoms are the smallest particles of matter, which
cannot be divided further’. He provided atheory based upon the laws of

chemical combinations and,g‘.ve a successful explanation for the two laws.
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The postulates of Dalton’s atomic theory are as fo“ows.

All matter is made up of very tiny par’cic[es. These pavtic[es are called

atoms.

+“Atoms can neither be created nor destroyed in a chemical reaction.
“All atoms of an element are identical in all respects, including the mass,

chemical properties, NN

+Atoms of different elements have different masses and chemical

properties.

+Atoms of different elements combine in small whole number ratios to

form comp OMVLO[S 5

*]n,.a given compound, the ‘ve number and types of atoms are

cofiStant. Y. .



2.4 Explanation of the Law of

Chemical Comblnatlon usm

“The law of conservation of mass: Matteris
made up of atoms (postulate 1), which can neither be
created or des’afoyed (pos’tula’ce 3). Hence, matter can
neither be created nor des‘croyed. For examp le, 100 g

of mercuric oxide, when heated in a closed test tube,

decomposes to pv@ce 926 g of mercury and 7.4 g
of ox>‘gen gas. *

q



2 HgO (s) —2Hg + 0O

Total mass o_f the reactant = 100 g

Total mass of the pvoducts = 92.6 + 7.4 g =100 ¢

Hence, dur'mg the decomposition reaction, matter is
neither created nor destroyed. Here, matter is made
up of tiny mercuric (Hg) and oxygen (O) atoms. The
glven reaction shows ‘that atoms can neither be

created nor destrove in chemical reactions.




The law of constant proportion: This law fo“ows directly fvom the 6t and
7”1]oostu[a’ces of Dalton’s atomic theory, which state that atoms of

different elements combine in toform a

are constant.

+“Now, we know that a samp[e of carbon dioxide (no matter how it is
prepared) is made up of carbon and oxygen. One carbon atom and two
oxygen atoms combine ’cofovm amolecule of carbon dioxide. Thus, it obeys
the law of constant proportion. The mass of carbon dioxide is 44 g. The
mass of one oxygen and carbon atom is 16 u and 12 u respectively. Thus,

in carbon dioxide, carbon and oxygen combine in the ratio of 2 & by




* The building blocks of an ant hill are small sand particles. Also, bricks are the building
blocks of a building. Similarly, atoms are the building blocks of matter.

Atoms are indivisible particles that cannot be destroyed or created by any chemical

means. Accovding to Dalton’s atomic ’cheory, all matter is made up of tiny partic[es called

atoms. This would mean that a rod of iron is made up of millions of atoms of Lron.

* Size of an atom

Atoms are very small in size. They are not visible even under a powerfu[ op’cica[ microscope.

The size of an atom is indicated ’oy the radius of the atom called the atomic radius. 1t is
oft%}expressed in nanometers so,




~ Atoms cannot be seen with naked eyes. However, the usage

ofmodern techniques has enabled us to see the surface of
atoms. The magniﬁed lmage of the suvface of silicon
atoms is shown in the fo“owing ﬁgvufe.

lmage of the surface of silicon atoms




some e[em




3.1 Representation of

elements. Every symbo[ he proposed also
represented a definite quantity of the respective element. The symbo[s of some

common elements as proposed by

Dalton are shown in given figure.

i ® @,

Hydrogen Carbon Oxyzen

Phosphorus Sulphur Iron

Platina Ml ercury




However, these sym’ools of elements as proposed on Dalton were diﬁ%ult to

draw and remember. Therefore, an al ternative method of representing el

ements was ]OYO]OOSGd

as symbols Further, these symbols can BN .
ﬁrom one or two letters of the name of the element. \ﬁ

“The modern symbols of el ements make use of this idea. IUPAC (International
Union of Pure and Applied Chemistry) approves the names of the

el ements. Also, it approves the symbol of the element made from one or two le
tters of the English or Latin name of that e lement. As a rule, the ﬁrst le tter

of a symbol (s a[ways written as a capi’cal le tter and the second letter as small |

etter. ‘
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3.2 The modern symbols of

m mmohn elemen r
given in o following table

A;
yImpoOl LICINClIL — 2Oy OL.. —

Element




3.3 Atomic mass

** Mass is a characteristic property of matter. Hence, the
atoms pvesent in matter also JP0SSEeSS Mass. The mass o f

an atom is known as the atomic mass.

~ Atoms of a given element are identical in shape size, mass,

chemical properties etc. Atoms of d ﬁeren’c elements have
d ﬁeren’c masses athemwa[ properties.
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3.4 Determination of the

atomic mass

“tis difﬂcult to determine the mass of an individual atom. However,
relative atomic mass can be determined by comparing the mass of a
parﬁculav atom with that of an atom of standard reference. The
unit of the mass of an atom s atomic mass unit

(amu). Initially, John Dalton suggested that the mass of a hydrogen

atom be taken as a standard Veference of atomic mass unit



Later, one-sixteenth of the mass of an oxygen atomwas taken as the
standard. In1961, JUPAC (International Union of Pure and Applied

thisunit as the unified atomic mass unit (u).

1
* Thus, Atomic mass unit=§ X mass of a C-12 atom

%k 1u=§ X massofaC-matom

* Hence, the relative atomic mass of the atom of an elementis deﬁned
as the average mass of the atom as compared to one-twelfth themass

of one carbon-12 units. W‘examp le, the atomic mass of oxygen is16
u. |




T he atomic mass of some common
elements is given in the following

‘---.‘

\
lement Atomic HENED
NEES




4. Molecules And Ions

* The smallest particle of a substance is called an atom. An atom is very
small in size and it cannot be divided ﬁufthen Al‘cnough atoms are the
smallest particles of a substance, atoms of most elements are not stable
and cannot exist 'Lndependen‘cly. Therefore, two or more atoms of the same
or diﬁerent elements combine to fonn a stable entity called molecules.

Hence, a molecule can be defined as the smallest entity of a substance,

capab le of independent %is’cence.
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* The constituting atoms of a molecule are held together on a strong attractive

force. For example, (H,) is a molecule in which two hydrogen atoms are chemically

bonded. S'Lmi[arly, hydrogen atoms can also combine with oxygen atoms to form

water molecules.

“ A molecule is the smallest particle of an element or a compound

that can exist independently and possess all the properties of the

substance to which it belongs.




* The molecules of an element are composed of identical atoms. For examp le, an

0Xygen mo lecule (O,) consists of two oxygen atoms and a nitrogen molecule (N,)
consists of’cwo nitrogen atoms. N, and O, are called diatomic molecules.
Thus, the atomic ity of nitrogen and oxygen s two. When three atoms qf oxygen
combine, a molecule of ozone (03) s formed. Here, the atomicity of oxygenis
three. The number of atoms constituting a mo lecule is known as

Llts atomicity.
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* The molecules of 2 compound are formed when atoms of dgfferent elements combine

chemicaﬂy n deﬁni’ce proportions. For examp[e, the molecules of carbon dioxide

(CO,) consist of one carbon (C) atom and two oxygen (O) atoms. Therefore, the ratio

on number of atoms present in the molecule of carbon dioxide is C:0= 1:2. This means
that the ratio on mass of atoms present in the molecule of carbon dioxide (C: 0) is 3:8
(12 1 16 ™ 12480 where 1*0[ 16 u are the atomic masses of carbon and oxygen

atoms respectively).




Compound Combining Ratio by Ratio by -
S elements mass of number of
atoms atoms
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4.3 Structures of
some molecules



This model represents the linear
structure of carbon dioxide(co2

molecule
Double bonds =~

=

Carbon
atom

Oxygen atoms



Hydrochloric acid(Hcl) molecule

Hydrogen atom

Chlorine atom

Single covalent bond
(sharing 2 electrons;1
from chlorine the other
from hydrogen)




Nitrogen(N) molecule

Triple bonds
This triple T
bond makes'
N2 inert

{
> Nitrogen atoms



“An ion is a chavged spectes (n which an
atom or a group of atoms possess a net
electric charge. The net electric charge of an
ion can either be positive or negative. Positively

charged ions are called cations and negaﬂvely

chavged ions are called anions. —
; - éf;i




“Molecules that are composed of metals and non-metals contain charged

species. For example, potassium chloride (KCl) consists of K*ion (cation)
and Cl- ion (anion). Similar to molecules, an ion can be monoatomic,
diatomic, tetra-atomic, etc. lons may consist of a sing[e chavged atom or a
group of atoms that have a net charge over them. A group of atoms

carrying a charge are known as polyatomic ions.




The name of some common ions with their sym/ools

\"'5‘.6 A
® ‘\

Cation Symbol Atomicity Anion Symbol Atomicity




4.4 |lonic compounds

combination of cations (posiﬁve[y charged ions) and anions
(negaﬁvely charged ions) are known as ionic compounds.
For example, zinc oxide (ZnO). This is formed by the
combination of zinc ion (Zn*) and oxide ion (O=). Other

examp les of Lonic compounds are magnes ium chloride

ot e (KBr), sodium chloride (NaCl),

&9 & o

(MgCL,), potassium




The table given below illustrates some

Ionic Combining Ratio by mass Ratio by
Compound Elements number of ions




5. Writing Chemical

Formulae Of Compounds
e

* Chemical formu[a of a compound is the symloo[ic representation of Lts atomic constituents.
In other words, a chemical formula represents the composition of amolecule in terms of the
symbo[s of the elements present in that molecule. To write the chemical formula of a
compound, one should have prior knowledge of two tnings:

1.The symbols of the constituent elements, and

2.The combining capacity of each atom constituting the compound




* We know that the combining power or the combining capacity of an atom
or an element is called its va iency. The number of atoms of other
elements with which one atom of an element combines is decided on the

Vaiency of that element.
* For examp le, both nydrogen and chlorine have a vaiency of " Therefore,

one atom of hydrogen reacts with one atom of chlorine to form one

molecule of hyoivogen chiorioie.
*The vaiency of an on (s e‘ to the cnavge on it.
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The valencies of some common Lons are given

iﬂ tl’le D LLC . m"lk

Nameof Symbol Valency Nameof Symbol Valency
ion ion




certain rules need to be kept in mind.

“The valencies or charges on the ions must be balanced.

“In case ofa compound consisting ofa metal and a non-metal, the symbo[ of the metal is
written first. For example, in calcium chloride (CaCl,) and zinc sulphide (ZnS), calcium
and zinc are metals, so they are
written first, whereas chlorine and sulphur are non-metals.

“(iit) Tn case of compounds consisting of polyatomic ions, the polyatomic ions are
enclosed in a bracket before writing the number to indicate the ratio. For examp[e, in

a[uminium sulphate [Al,(SO,).]

, olyatomic su[phate ion is enclosed in a bracket

) t o

before writing
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. Compounds composed of two diﬁferen’c elements

are called b lnary compoun ds. Theseare the
stmp lest compounds. While writing the chemical
formulae for compovmds, we ﬁrst write the
constituent elements and their valencies and

then crossoverw valencies of the comb ining
atoms. |



For example.......

Formula of calcium oxide

Symbol Ca O ><

Charge Dt

Thus, the chemical formula of calcium oxide is CaO.

B ||
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Formula of aluminium su[phate

Symlool Al SO h

Charge 3+ 2- ’r 1\

Thus, the formula of aluminium sulphate is AL(SO 4)3. Brackets are used when we

have two or more of the same ions in a formu[a. Here, the bracket with a
slu]oscrip’c 3 indicates that three\iurha’ce groups are | oined to two aluminium

atoms.
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6. M olecular M ass and

Formula Unit M ass

An atom contains three tvpes of partic[es Le. electrons, protons, andneutrons. Out of these three
partic[es_. the mass of electronsis negligib le as compared to that of protons and neutrons. Thus, the mass of

an atom is equal to the mass of the totalnumber of neutrons and protonspresent in it.

Molecules are formed when two or move atoms combine chemica”y n a ﬁxed proportion.The molecular
mass of a substance is the sum of the atomic masses of all the atoms presentin a molecule
of that substance. Thisisalso called the relative molecular massand its unit is atomic mass unit (w).
Henpe, to calculate the mass of‘mo'[ cules i.e. to calculate the molecular mass, the mass

of é[l the atoms‘ present in it ar B
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0.1 Ca(culation O molecular mass:

Molecular mass of sodium hydroxide and potassium sulphate.
1) The chemical formula of sodium hydroxide is NaOH

Atomic mass of Sodium (Na) = 23 u

Atomic mass of Oxygen (0) =16 u

Atomic mass of Hydrogen (H) =1 u

Since sodium hydroxide molecule contains one atom of sodium,

one atom of oxygen, and one atom of hydrogen.

Thus, the molecular masw\/aOH =23 +16 + 1
=40U ‘ |
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2) The chemical formula of potassium sulphate is K,SO,

Atomic mass of Potassium (K) =39 u
Atomic mass of Sulphur (S) =32 u
Atomic mass of Oxygen (O) =16 u

Since potassium sulphate molecule contains two atoms of potassium, one

atom of sulphur, and four atoms of oxygen.
The molecular mass ofKQSO4 =30 x 2+ 32x1+ 16 x 4

=78+32+64

3 1‘"""'74 u ‘
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6.2 Formula unit and formula unit

The term formula unit is used fov those substances whose
constituent partic[es are ions. The formu[a unit mass of B
substance is the sum of the atomic masses of all the atoms in the

formula unit ofa COWI}OODU’IO[.

For example, calcium oxide has a formula unit CaO.




formu[a unit mass of nitric acid and sodium oxide.

1) The chemical formula of nitric acid is HNO,

Atomic mass of Hydrogen (H) =1 u
Atomic mass of Nitrogen (N) = 14 u
Atomic mass of Oxygen (O) = 16 u

In one formula unit of HNO,, there are one hydrogen (H) atom, one nitrogen (N) atom, and three
oxygen (O) atoms.

Thus, the formula unit mass ofHNO3 =1x1+14 x1+16x 3
=1414+48



N

2) The chemical formula of sodium oxide is Na,O

Atomic mass of sodium (Na) = 23 u

Atomic mass of oxygen (O) =16 u
In one formula unit of Na,0, there are two sodium (Na) atoms

and an oxygen (0O) atom.

Thus, the formu[a unit mass = 2 x 23 + 1 x 16

= 46 + 16

D w
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/. The Mole Concept

“ One mole of a substance (atoms, molecules, ions, or partic[es) (S

that quantity n number having a mass equa[ to tts atomic or

molecular mass in grams. One mole of any substance contains 6.022
x 107 particles (atoms, molecules, or ions). Thismeans that one mole atom
of any substance contains 6.022 x103atoms. Similar[y, one mole molecule of any
substance contains 6.022 x10%molecules, and one mole ion of any substance contains

6.022 x10% ions. Hence, the mass of a particular substance is fixed.

The number 6.022 x 1023 is an experimentally obtained value and is known as
Avogadro’s number or Avogadro constant (represented by No). It is named
after the Italian scientist, Amedeo Avogadro

|
|
{ }
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1 mole atoms of an element has a mass equa[ to the gram atomic mass

of that element. Hence, the mass of 1 mole molecules is equal to its

molecular mass in grams. The atomic mass of an element is the mass

of its atom in atomic ma : merical

the units from ‘W’ to ‘g’, the mass o

1 mole atoms of The mass of one mole of
atoms is known as the molar mass of atoms, gram atomic mass, or
gram atoms. For example, the atomic mass of nitrogen is 14 u, and the
gram atomic mass of nitrogen is 14 g. Similarly, the molecular mass of
a

substance gives the mass of a molecule of that substance in atomic mass
units (u) Therefore, as discussed earlier, ’oy ’cak'mg the same numerical
value of molecular mass and on changing its unitsﬁfom ‘U to ‘g’, the

mass of one mole molecules of that substance can be obtained.

* Therefore, the mass of ov*[e molecules of any substance is equal to

the gram molecular mass hat substance.
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The Velationship between the mole,

Avogadro’s number, and mass is

1 mole of any 6.022 x 104 Relative mass of
particle (atom, | —— number of —— | those particles in
molecule, 1on) atoms/molecules/ions grams
I mole of 6.022 x 107 Molecular mass
—— number of — .
molecules in grams
molecules

6022 % 1027

Atomic mass
number of .,

N grams

1 mole of
atoms

atoms r




Examples.....

1) Calculation of the mass of 0.5 moles of N, gas:

The molecular mass of nitrogen is 28 u.

Mass = Molar mass x Number of moles

Mass=28 g x 0.5=14 g

2) Calculation of the number of moles present in18.066 x 103 Particles of

nitrogen: 1 mole = 6.022 x 103
given no.of particles

avogadro number

_ 18.066REME*°
"~ 6.022 Yy

T,OPYPFOw{’ m H’Il’)(’l" O]CYVIO’R.Q IS 2. { (

no.of moles =
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