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1.1

Science (Class IX)

Structure of Atoms (Notes)

We have studied earlier that atoms and molecules are the building blocks of matter. The
existence of different kind of matter is due to the presence of different kind of atoms and
molecules in them. Dalton in 1808 suggested that atom is the smallest indivisible particle of
matter. He proposed a theory known as Dalton’s atomic theory. However, Dalton’s concept
of atom could not explain the following facts:

(i) Why do atoms of different elements have different masses and properties?
(i) Why do atoms of same or different elements combine to form compounds?

A major challenge before the scientists was to reveal the structure of atom as well as to
explain its important properties towards the end of nineteenth century. Many experiments
were done and it was found that atoms, though they are tiny have internal structure and are
made up of three main sub-atomic particles namely electrons, protons and neutrons. Let us
discuss them in detail.

CHARGED PARTICLES IN ATOM OR SUB-ATOMIC PARTICLES OF
ATOM

For understanding the nature of charged particles in atoms, let us carry out the following
activities:

Activity
(i) Comb dry hair. Does the comb then attract small pieces of paper?

(i) Rub the glass rod with a silk cloth and bring the rod near an inflated balloon. Observe
what happens?

Discussion

(i) When we comb our dry hair, and put the comb near the small pieces of paper, we observe
that the small pieces of paper got attracted towards the comb.

(i) When the glass rod rubbed by a silk cloth was brought near the inflated balloon, the
inflated balloon got attracted towards the rod.

Conclusion

From the above observation, we conclude that on rubbing two objects together, they become
electrically charged. The charge produced show that atom consists of charged particles also
known as sub-atomic particles.

DISCOVERY OF ELECTRON

The existence of electrons in an atom was shown by J.J. Thomson in 1897. He passed
electricity at high voltage through a gas at very low pressure taken in a discharge tube. Let
us discuss these studies which eventually led to the discovery of electrons.
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What is a discharge tube?

A discharge tube is a long glass tube closed at both ends. Two circular metal plates A and B
are sealed at the two ends of the tube as shown in figure. These circular plates are called
electrodes. A side tube S is fused to the tube which can be connected to a vacuum pump
(to suck out the air or gas present inside the tube to reduce the pressure inside the tube).

The two plates A and B are connected to a source of electricity to supply high voltage. The
plate A connected to the negative terminal is cathode, whereas, the plate B connected to
the positive terminal is called anode.

Invisible cathode rays
(Darkness inside the tube) IS

jt #» To vaccum pump

G Greenish-yellow glow
\_ " (Fluorescence)
====-= Cathode + shinorle
------ Rays

A \ B
\

Cathode —

Air/Gas at 0.001 mm pressure

- +

— Y,

Induction Coil
(10,000 volts)

Production of cathode rays in a discharge tube

Properties of cathode rays

At normal pressure, air or any other gas is a non-conductor of electricity, but at low pressures
the gases become conductors of electricity. When sufficiently high voltage is applied across
the electrodes, current starts flowing through a stream of particles, moving in the tube from
the cathode to the anode. These were called cathode rays or cathode ray particles.

From the various experiments carried by J.J. Thomson and others, the cathode rays have
been found to possess the following properties:

(i) Cathode rays travel in straight lines: This is shown by the fact that if a metal object is

placed in the path of the cathode rays, they cast a sharp shadow of the object at the
back.

low pr r
Gas at low pressure “» To vaccum pump

'-6555553 3 {f )/

Production of shadow of the object placed in the path of cathode rays.
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(ii) Cathode rays are made up of material particle: If a large paddle wheel (e.g. that of
mica) is placed in their path, the wheel starts rotating. This shows that cathode rays are
made up of material particles (particulate nature).

Light mica paddle wheel mounted on an axle jt » To vaccum pump

Gas at low pressure

Railing
Rotation of light paddle

(iii) Cathode rays carry negative charge: When an electric field is applied on the cathode
rays, they get deflected towards the positive plate of the electric field. This shows that
they carry negative charge.

\
Fluorescence here
+ ~ when electric field
Cathode is applied
- YR - P m—————— Voltage
volts)
_ . \ Fluorescence here
High voltag Anode with when no electric field
(10,000 volts) + ahole J is applied
Electric field

Deflection of cathode rays in electric field

(iv) When cathode rays strike a metal foil, the foil becomes hot. This indicates that cathode
rays produce heating effect.

(v) They causes ionization of the gas through which they pass.

(vi) They produce green fluorescence on the glass walls of the discharge tube as well as
on certain other substance such as zinc sulphide (ZnS).

(vii) They produce penetrating effect i.e. they can easily pass through thin foils of metal.
From the study of above properties it was concluded that:

(a) Cathode rays are made up of material particles.

(b) Cathode rays carry negative charge.

These negatively charged material particles constituting the cathode rays are called
electrons.
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1.1.3 Determination of charge and mass of electrons

Further experiments were carried out to determine the exact charge and mass of electrons.

(i) Charge to mass ratio of electron: J.J. Thomson used different discharge tubes fitted
with electrodes of different metals. He studied the extent of deflection of cathode rays
under influence of electric fields and magnetic fields of different strengths. He placed
different gases in the tube. He found that every time the ratio of charge to mass of the
electron was the same. This is usually represented by ‘e/m’, where ‘e’ represents the
charge on the electron and m represents the mass of the electrons. The value was found
to be:

Charge e

=— =176 x102C/kg  (Coulombs/kg)
Mass m

(ii) Charge on the electron: Charge on the electron was found by R.A. Milliken. He devised
a method known as oil drop experiment to determine the charge on the electrons. He
found that the charge on the electron was equal to 1.60 x 10~'° C (1 unit).

This is the smallest quantity of charge that could be measured. Hence, it is also called
“‘one unit charge”.

By using the value of e/m and e, the mass of an electron can also be calculated.

e 1.60x107*°C

m= =
e/m 1.76x108 C/kg

=9.1 x 10~ kg

Thus, charge on electron is —1 unit and mass is negligible.

1.1.4 Electrons are constituent of all atoms

1.2

Our studies in the discharge tube experiment conducted by J.J. Thomson have shown that
we may take electrodes of any material and we may take any gas inside the discharge tube
at low pressure. The cathode ray particles have the same e/m ratio as well as the charge (e)
i.e. they carry the same charge and mass. This shows that electrons are constituents of all
atoms.

DISCOVERY OF PROTON

The existence of positively charged particles in an atom was shown by Goldstein. Electric
discharge experiment carried out in the modified cathode ray tube led to the discovery of
particles carrying charge. He took a discharge tube with a perforated cathode and a gas at
low pressure was taken inside the discharge tube.

C-9, Greater Kailash Enclave 2, New Delhi; Phone: 9810815644, 9910393669

Email: info.educonclave@gmail.com; sangeettuli@gmail.com



’
‘ (%'—" Educonclave

1.21

Science (Class IX)

Structure of Atoms (Notes)

Gas at low pressure ﬁ #» To vaccum pump

N\
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I;erforated Cathode

Induction Coil

Production of anode rays or canal rays

On applying high voltage between the anode and the cathode, it is observed that like cathode
rays produce fluorescence on the glass wall of the tube at E, fluorescence is also observed
on the glass wall of the tube F. This shows that some rays are also coming from the anode
which passed through the holes in the cathode and strike, the wall of the tube F. These rays
are called anode rays, as they are coming from the side of anode. They are also known as
canal rays. Their deflection in an electric field indicates that they carry positive charge.

Properties of anode rays / canal rays

The characteristic properties of the positively charged rays or anode rays or canal rays are
listed below :

(i) They travel in straight lines: If an object is placed in their path, a shadow is produced
at the back. This shows that canal rays travel in a straight line.

(ii) They are made up of material particles: Like cathode rays they also rotate the paddle
wheel placed in their path. This shows that they are made up of material particles.

(iii) They carry positive charge: In the electric field, these rays are deflected towards the
negative plate. It shows that these rays carry positive charge.

+

Gas at low pressure jt » To vaccum pump
Anode \\ Fluorescent spot
+ | P, (Before applying
""" I EEEER e === —nnnTiee) [ electric fieid)
—r IiAfter applying
. | kk electric field)

Cathode wit_h & diole £lectric field of about 2000 volts

Deflection of anode rays in an electric field

(iv) Determination of charge / mass ratio of the positively charged particles present in
anode rays: Unlike cathode rays, the ratio of e/m is found to be different for different
gases or we can say that e/m is not constant but depends upon the nature of the gas
taken in the discharge tube.
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(v) The value of charge on the particles constituting the anode rays is also dependent on the
nature of the gas taken inside the discharge tube.

(vi)Mass of the particle constituting the anode rays is also found to be different for the
different gases taken in the discharge tube.

1.2.2 Determination of charge and mass of protons
The charge and mass of protons are also determined experimentally like that of electrons.
The charge on these particles is found to be same as that on the electrons, i.e.
e=+1.60x10"C
The ratio of charge / mass (i.e. e/m) = 9.58 x 10® C/kg

e 160x10™C
e/m 9.58x10% C/kg

The mass of proton m = =1.67 x 10?7 kg

This mass is nearly the same as that of hydrogen atom. When hydrogen gas is used in the
discharge tube, the particles constituting the anode rays are called protons. Hence, a proton
can be defined as follows:

“That sub-atomic or fundamental particle carrying one unit positive charge and has
mass nearly equal to that of hydrogen atom”

As charge on proton is +1 and mass = 1u, hence, it may be represented by the symbol 1P .

1.2.3 Protons are constituents of all atoms

If any other gas (other than hydrogen) is taken in the discharge tube, it is observed that the
mass of positively charged particle is nearly a whole number multiple of the mass of proton.
Hence, it can be concluded that protons are the fundamental particles present in all atoms.

1.3 DISCOVERY OF NEUTRON

In 1932, Chadwick discovered another sub-atomic particle called neutron, by bomarding a
thin sheet of beryllium by a-particles. Neutrons are electrically neutral particle i.e. they have
no charge and have mass equal to or slightly greater than that of protons. Neutrons are
present in the nucleus of all atoms except hydrogen. In general ‘X’ neutrons are represented
by the symbol ‘n’.

A neutron can be defined as the fundamental particle of an atom which has no charge
but has a mass nearly equal to that of hydrogen atom.

Comparison of the characteristics of electron, proton and neutron.

Particle Charge on the particle | Mass of the Symbol | Location in the
particle atom
1. Electron | — 1 unit 9.11 x 10" kg _2e Outside the nucleus
(-1.602x 107" 1 (Extra nuclear part)
coulomb) (M UJ
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2. Proton |+ 1 unit 1.673 x 107%" kg p In the nucleus
(+1.602 x 101 C) (1u)
3. Neutron | No charge 1.675x 107" kg In In the nucleus
(1u)
2. THE STRUCTURE OF AN ATOM (ATOMIC MODELS)

21

2.2

According to Dalton’s atomic theory, an atom is indivisible and indestructible. But after the
discovery of subatomic particles (electrons, protons and neutrons), various atomic models
were proposed by many scientists to explain their arrangement in the atom.

THOMSON’S MODEL OF AN ATOM

To explain the structure of an atom, Thomson proposed a model. According to it, an atom
consists of a uniform sphere of positive charge in which electrons are embedded in such a
way so as to give the most stable electrostatic arrangement.

Positive sphere

@ Electron

In this model, the atom is visualized as a pudding or watermelon of positive charge with
raisins or seeds (electrons) embedded into it.

The important feature of this model is that the mass of an atom is considered to be evenly
spread over the atom.

Thomson proposed that :
(i) An atom consists of positively charged sphere and the electrons are embedded in it.

(i) The atom as a whole is electrically neutral, showing that negative and positive charges
are equal in magnitude.

Limitations: Though it could explain the overall neutrality of the atom, it failed to explain the
results of experiments carried out by other scientists.

RUTHERFORD’S MODEL OF AN ATOM

Earnest Rutherford was interested in knowing how the electrons are arranged within the
atom. For this purpose, he performed some experiments known as Rutherford’s scattering
experiment.
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Experiment: In this experiment, he bombarded a thin foil e.g. gold foil (thickness: 100 nm)
with a beam of fast moving a-particles. Alpha particles are high energy, positively charged
helium ions (emitted during radioactive decay of unstable elements such as uranium) having
2 units of positive charge and 4 units of mass. He observed the scattering of the a-rays after
hitting the foil by placing a circular zinc sulphide screen around the metal foil. The results of
scattering experiment were quite unexpected. Rutherford’s famous alpha particle-scattering
experiment is represented in the given figure:

Circular zinc
sulphide screen

Thin foil of gold

Radium Large Deflection
n _.y\Small Deflection
H o-Rays
= e e e e e e e o e e e e
, - Most of the
EiRgaG) el i Deflected back a-particles
(through > 90°) strike here

Rutherford’s scattering experiment

Observations: After the bombardment of a-particles on the thick gold foil, Rutherford
observed that :

(i) Most of the fast moving a-particles passed through the gold foil undeflected.

(i) Some of the a-particles were deflected by small angles and some were deflected
through large angles.

(iii) A very few particles (1 in 20,000) bounded back i.e. were deflected by nearly 180°.

Conclusion: On the basis of these observations, Rutherford drew the following conclusions
regarding the structure of atom :

(i) Most of the space in an atom is empty as most of the a-particles passed through the foil
undeflected.

(i) Afew a-particles were deflected from their path. The deflection must be due to enormous
repulsive force showing that the positive charge of the atom is not spread throughout
the atom, as Thomson had thought. According to Rutherford, the positive charge of the
atom occupies very little space. This very small portion of the atom was called nucleus.

(i) A very small fraction of the a-particles were deflected by 180°, showing that all the
positive charge and mass of the gold atom were concentrated in a very small volume
within the atom. (Radius of the atom is about 10~'° m while that of nucleus is 107" m).

Rutherford’s Model

On the basis of above observations, Rutherford proposed the nuclear model of an atom.
According to this model :
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(i) An atom consists of a positively charged centre called nucleus.

(i) The positive charge of the nucleus is due to the protons. On the other hand, the mass of
the nucleus is due to the protons and some other neutral particles called neutrons which
were discovered later on by Chadwick in 1932.

(iii) The electrons revolve around the nucleus in well defined orbits. Thus, Rutherford’s model
of atom resembles the solar system in which the nucleus plays the role of sun and the
electrons that of revolving planets.

(iv) The atom is electrically neutral because total number of protons in it is exactly equal to
the total number of electrons.

(v) The size of the nucleus is very small as compared to that of an atom.
(vi) Electrons and the nucleus are held together by electrostatic forces of attraction.

To explain that the electrons do not fall into the nucleus as a result of attraction, Rutherford
suggested that electrons were not stationary but were moving around the nucleus in certain
circular orbits.

Drawbacks of Rutherford’s Model of an atom

Rutherford’s model could not explain the stability of an

atom. This is because when a particle is moving in a

circular orbit, it undergoes acceleration. During

acceleration charged particles would radiate energy. ®
Thus, the orbit of the revolving electrons will keep on

shrinking or becoming smaller and smaller, following a

spiral path and will ultimately fall into the nucleus.

However, this actually does not happen and we know

that atoms are quite stable.
BOHR’S MODEL OF AN ATOM

In order to overcome the objections raised against Rutherford’s model of the atom, Neils
Bohr proposed a new model of an atom. To explain the stability of atom, he introduced the
concept of the stationary orbitals.

Postulates of Bohr’s model
The main points of this Bohr’'s model of an atom are as follows:

(i) An atom consists of positively charged nucleus responsible for almost the entire mass of
the atom.

(i) Electrons revolve around the nucleus in certain permitted circular orbits of definite radius
and while revolving they do not radiate energy.

(iii) In a particular atom, the orbits in which electrons revolve have fixed radii and energy.
These orbits are, therefore called shells or energy levels. These shells are also called
stationary states as they have fixed energy. In this manner, Bohr overcame Rutherford’s
difficulty to account for the stability of the atom.
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(iv) The different energy levels were numbered as 1, 2, 3,4, ... etcand called as K, L, M, N
... etc. respectively. Greater the distance of energy level from the nucleus, more is the
energy associated with it.

Nucleus

However, the gap decreases between the successive energy shells as we move
outwards from the nucleus.

(v) When electrons move in permitted discrete orbits they do not radiate or lose energy, or
gain energy. This stable state of atom is called ground state.

(vi) When energy is given to the electron, it jumps to any higher energy level and said to be
in the excited state. In the excited state, the atom is not stable. It tends to lose or emit
energy and jumps back to some inner energy level. In other words, when an electron
absorbs energy it jumps from inner shell to outer shell whereas when an electron emits
energy it jumps from outer shell to inner shell as shown in figure.

Energy absorbed
by electron E 2

E \ Energy emitted
2 E, by electron
Nucleus Nucleus
(a) (b)

2.3.2 Advantage of Bohr’s model

Bohr’s model of an atom explains the stability of an atom by putting the concept of stationary
state or energy levels and thus explains the drawback of Rutherford’s model of an atom.

3. HOW ARE ELECTRONS DISTRIBUTED IN DIFFERENT ORBITS
(SHELLS)?
As we have discussed earlier that there are a number of shells present in an atom. These

are numbered as 1, 2, 3,4, ..., and soon ornamed as K, L, M, N, ... and so on as we move
outwards from the nucleus and the electrons are present in these shells.
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The distribution (arrangement) of the electrons in the different energy shells of the
atom is known as the electronic configuration of that element.

The distribution of electrons in different orbits of an atom was suggested by Bohr and Bury.

3.1 BOHR-BURY SCHEME OF DISTRIBUTION OF ELECTRONS

The following rules are given by Bohr and Bury for writing the number of electrons in different energy
levels or shells :

(i) The maximum number of electrons that can be present in a given shell is equal to 2n?,
where n = number of shell.

Hence, the maximum number of electrons in different shells can be given as follows:

Shell Maximum No. of electrons present
(@) 1tshell or K-shell (n = 1) 2x(172=2

(b) 2" shell or L-shell (n = 2) 2x(22=8

(c) 3shell or M-shell (n = 3) 2 x(3?=18

(d) 4™ shell or N-shell (n = 4) 2 x (4)2 =32

(iif) The maximum number of electrons that can be accommodated in the outermost orbit is 8.

(iv) Electrons do not enter into a new shell until and unless the inner shells are completely
filled or we can say that shells are filled in a step-wise manner.

Element Symbol | Atomic No. Distribution of electrons in Short representation
(No. of different shells of electronic
electrons) K T M N configuration

Hydrogen H 1 1 1

Helium He 2 2 2

Lithium Li 3 2 1 2,1

Beryllium Be 4 2 2 2,2

Boron B 5 2 3 2,3

Carbon C 6 2 4 2,4

Nitrogen N 7 2 5 2,5

Oxygen 0] 8 2 6 2,6

Fluorine F 9 2 7 2,7

Neon Ne 10 2 8 2,8

Sodium Na 11 2 8 1 2,8,1

Magnesium Mg 12 2 8 2 2,8,2

Aluminium Al 13 2 8 3 2,8,3

Silicon Si 14 2 8 4 2,8,4

Phosphorus P 15 2 8 5 2,8,5

Sulphur S 16 2 8 6 2,8,6

Chlorine Cl 17 2 8 7 2,8,7

Argon Ar 18 2 8 8 2,8,8
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Potassium K 19 2 8 8 1 2,8,8,1
Calcium Ca 20 2 8 8 2 2,8,8,2

Diagrammatically, the nuclear structure and the distribution of electrons can be represented as

below:

4.1

Or

© ©

H He

clofcX-gof-R- X
06000008

Schematic atomic structure of the first eighteen elements

VALENCY AND VALENCE ELECTRONS

We have studied earlier about the arrangement of electrons in different shells/orbits.

“The electrons present in the outermost shell/orbit of the atom of an element are called
valence electrons.”

In any chemical reactions, only the electrons present in outermost orbit will take part in the
reaction. As these electrons are present farthest from the nucleus hence the force of
attraction on these electrons by the nucleus is minimum.

According to Bohr-Bury scheme a maximum of 8 electrons can accommodate in the
outermost orbit of an atom. Helium and hydrogen are exception as they can have only
two electrons is their outermost shell.

VALENCY OF AN ATOM

The concept of valency arises from the study of inert elements. Inert elements are also called
noble gases. They have 8 valence electrons (octet) in their outermost orbit/shell or valence
shell except helium which has 2 electrons (duplet). Apart from these elements, all other
elements have less than 8 electrons in their valence shell. To attain stability, these atoms
lose, gain or share electrons with other atoms to complete their octet. Thus, valency of the
atom of an element can be defined as follows:

“The combining capacity of the atoms of an element is known as valency.”
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“The number of electrons gained, lost or shared by atom of an element in order to
complete its octet (or duplet) or to attain stable configuration is known as the valency
of the element”

4.2 CALCULATION OF VALENCY

To calculate the valency of an element, the electronic configuration of the element must be
written first and then the valency is calculated. The valency of an element can be calculated
as follows:

(i) Elements having 1, 2, 3 and 4 electrons respectively in their valence shell: For these
elements valency is equal to the number of electrons present in their valence shell.

(ii) Elements having more than 4 electrons in their valency shell: For these elements
having more than 4 electrons in their valence shell, valency can be calculated as follows:

Valency = 8 — Number of valence electrons
This can be understood by the following table:

Composition of atoms of the first eighteen elements with electron distribution in
various shells :

Name of element Sym | Atomic Number of | Number of | Number of Distribution of Electrons Valency
bol Number Protons Neutrons Electrons K L M N
Hydrogen H 1 1 - 1 1 i 1
Helium He |2 2 2 2 2 - |- 0
Lithium Li 3 3 4 3 2 1 - |- 1
Beryllium Be |4 4 5 4 2 2 |- |- 2
Boron B 5 5 6 5 2 3 |- |- 3
Carbon C 6 6 6 6 2 4 (- |- |4
Nitrogen N 7 7 7 7 2 5 |- |- 3
Oxygen (0] 8 8 8 8 2 6 |- |- 2
Fluorine F 9 9 10 9 2 7 |- |- 1
Neon Ne |10 10 10 10 2 8 |- |- 0
Sodium Na | 11 11 12 11 2 8 1 — 1
Magnesium Mg |12 12 12 12 2 8 (2 |- 2
Aluminium Al 13 13 14 13 2 8 3 |- 3
Silicon Si 14 14 14 14 2 8 |4 |- 4
Phosphorus P 15 15 16 15 2 8 5 |- 3
Sulphur S 16 16 16 16 2 8 6 |- 2
Chlorine Cl 17 17 18 17 2 8 7 |- 1
Argon Ar 18 18 22 18 2 8 8 |- 0
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5. ATOMIC NUMBER AND MASS NUMBER
51  ATOMIC NUMBER

As we have studied earlier that protons are presentin the nucleus of an atom. It is the number
of protons in an atom which determines the atomic number. It is denoted by ‘Z’. Thus atomic number
can be defined as follows:

“The number of protons present in the nucleus of an atom is known as its atomic
number.”

So,

Atomic number of an element (Z) = Number of protons in one atom of the element.
lllustration:

(i) Nucleus of hydrogen atom contains one proton, its atomic number (Z) = 1.

(i) Nucleus of carbon atom contains 6 protons, its atomic number (Z) = 6.

As we know that an atom is electrically neutral, i.e. the number of protons is equal to the
number of electrons. Hence, we can say that

Atomic number (Z) = No. of protons = No. of electrons in one neutral atom.

5.2 MASS NUMBER

We already know that the atom of an element contain electrons, protons and neutrons. Since
an electron has negligible mass, the mass of the atom is due to the protons and neutrons. Further,
as protons and neutrons has mass equal to one atomic mass unit i.e., 1 a.m.u. (1u) on the atomic
scale, hence, we can conclude that the mass of an atom is nearly equal to the number of protons
and neutrons. This sum is called the mass number of atom and is denoted by ‘A’. Thus

Mass number of an element is the sum of protons and neutrons present in the atom
of the element. i.e.

Mass number of an element (A) = number of protons + number of neutrons

As both these sub-atomic particles are present in the nucleus of an atom, hence these are
also called nucleons. Therefore, we can say that the mass of an atom resides in the nucleus.

In the notation for an atom, the atomic number, mass number and symbol of the element are
to be written as

Mass number
Atomic number

Symbol of element [OR | 2S

For example,

1l
-
~ s
Z

Nitrogen is written as

Oxygen is written as = 5O
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Sodium is written as = 2Na

Hydrogen is written as = TH

5.3 CALCULATION OF NUMBER OF ELECTRONS, PROTONS AND NEUTRONS,
ATOMIC NUMBER (Z) AND MASS NUMBER (A)
We know that,
Z = Number of protons (p) = No. of electrons (e) and
A = Number of protons (p) + number of neutrons (n)
But as we know that,
p=Z
Thus,
A=Z+n
Thus by using above expressions, we can calculate the number of electrons, protons and
neutrons in an atom.
6. ISOTOPES

In nature, there are several elements, whose atoms have the same atomic number but
different mass number, such atoms are known as isotopes and can be defined as:

“Isotopes are the atoms of the same element, having the same atomic number but
different mass number”.

As, it is known that
Atomic number (Z) = Number of protons = Number of electrons

So we may conclude that isotopes contain the same number of electrons as well as protons,
and we know that

Mass number = Number of protons + Number of neutrons

But as we know that number of protons in them are equal so we can conclude that isotopes
of an element differ only in the number of neutrons present in the nucleus. This can be
understood more clearly by the following examples:

Example 1

Isotopes of Hydrogen: There are three isotopes of hydrogen, namely protium, deuterium
and tritium.

They have only one proton, but differ in the number of neutrons and contain 0, 1, 2 neutrons
in their nucleus respectively.
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Nucleus Nucleus Nucleus
Protium (}H) Deuterium (fH) Tritium (fH)

Atomic Mass No. of No. of No. of
Isotope

No. No. protons neutrons electrons
H 1 1 1 1-1=0 1
2H 1 2 1 2-1=1 1
*H 1 3 1 3—-1=2 1

Example 2

Isotopes of Carbon: Carbon has mainly two isotopes which are as follows:

Atomic Mass No. of No. of No. of
Isotope

No. No. protons neutrons electrons
eC 6 12 6 12-6=6 6
nc 6 14 6 14-6=8 6

Nucleus
8n
c-12(%2¢) c-14(%c)
Example 3

Isotopes of Chlorine: There are two isotopes of chlorine which are as follows:

Atomic Mass No. of No. of No. of
Isotope

No. No. protons neutrons electrons
*cl 17 35 17 35-17=18 | 17
¥cl 17 37 17 37-17=20 |17
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Nucleus

@)

cl-35(%cl) c-37(%cl)

6.1 GENERAL CHARACTERISTICS OF ISOTOPES

(i) Same atomic number: The isotopes of an element have the same atomic number i.e.
they have same number of protons and same number of electrons.

(ii) Different mass number: They have different mass number and hence differ in the
number of neutrons present in the nucleus.

(iii) Same chemical properties: They have same chemical properties as they have same
number of electrons and therefore same electronic configuration and valence electrons.

(iv) Different physical properties: Since they have different mass number hence they differ
in their physical properties such as melting point, boiling point, density, etc.

(v) Different nuclear properties: Due to the difference in the number of neutrons in their
nucleus they show different nuclear properties e.g. C—14 isotope of carbon is radioactive
whereas C—12 isotope is non-radioactive. The radioactive isotope of an element is
known as radioisotope.

6.2 FRACTIONAL ATOMIC MASSES AND CALCULATION OF AVERAGE ATOMIC
MASSES

The mass of an atom of any natural element is taken as the average mass of all the naturally
occurring atoms of that element. Hence, if an element has no isotope then the atomic mass
of its atom would be the same as its mass number. But if an element occurs in isotopic form,
then we have to know the percentage of each isotopic form to calculate its average atomic
mass.

Example: Calculation of average atomic mass can be explained with the help of the following
Example:

In nature, the two isotopic forms of chlorine viz., 33Cl and ¥/ClI are found in the ratio of 3:1.
Hence,

Average atomic mass = || 35x NS + 37 x é
100 100

= 35><§+37><1
4 4
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= |:&+£:|:|:&:| =355u
4 4 4

This does not mean that any one atom of chlorine has a fractional mass of 35.5 u. It means
that if we take a certain amount of chlorine, which consists of both the isotopes of chlorine,
then it will have the average atomic mass of 35.5 u. The reason for that fractional atomic
masses is that for an element existing in different isotopes, i.e., atoms with different mass
numbers, the atomic mass of the elements is the average value which comes out to be
fractional.

APPLICATIONS OF ISOTOPES

Some isotopes have special properties which find them useful in various fields. Some
important and useful applications of the isotopes are given below:

(i) As nuclear fuel: An isotope of uranium (U-235) is used as a fuel in nuclear reactor.
(ii) In medical field:

(a) An isotope of cobalt (Co-60) is used in the treatment of cancer.

(b) Phosphorus(P-32) isotope is used in the treatment of leukemia (blood cancer).

(c) lodine (I-131) isotope is used in the treatment of goitre.

(d) Some radio isotopes are used as tracers to detect the presence of tumours, blood clots
etc.

(iii) In carbon dating
(iv) In geological dating
ISOBARS

“Atoms of different elements which have different atomic number but same mass number are
called isobars. They have different number of protons, electrons and neutron but the mass
number, i.e. the sum of protons and neutrons in the nucleus is same”

Example: [JAr, 50Ca

No. of No. of
Isobars Protons

electrons neutrons
o Ar 18 18 40-18 =22
soCa 20 20 40-20 =20

General Characteristics of Isobars

(i) They are atoms of different elements.
(i) They have different atomic number.
(iii) They have same mass number.

(iv) They possess different physical as well as chemical properties.
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