
Atoms and molecules are the building blocks of matter. The existence of different kinds of matter
around us is due to the different types of atoms and molecules present in them. For a long time it
was thought that the atoms are indivisible, so they do not have an inner structure. We now know

that atoms are divisible and they do have an inner structure. Atoms have smaller particles in them which
are called subatomic particles.

Atoms are made up of three subatomic particles : electrons, protons and neutrons. Electron has negative
charge, proton has positive charge, whereas neutron has no charge, it is neutral.

Protons and neutrons are present in a small nucleus at the centre of the atom. Almost the entire mass
of the atom is in the nucleus because the electrons, which are outside the nucleus, have very, very small
mass. Due to the presence of protons, nucleus has positive charge.

Electrons are outside the nucleus. The electrons in an atom revolve rapidly round the nucleus in fixed
circular paths called energy levels or shells. Since an atom on the whole is electrically neutral (having no
overall positive or negative charge), therefore, the number of electrons outside the nucleus is equal to the
number of protons inside the nucleus.

Atoms of all the elements (except hydrogen) are made up of the three subatomic particles : electrons,
protons and neutrons. Hydrogen atom is
made up of only one electron and one
proton. It does not contain any neutron.
The atoms of different elements differ
in the number of electrons, protons and
neutrons. We will now describe how
electrons, protons and neutrons were
discovered and put together to give the
structure of atom.

Charged Particles in Matter
If we rub a comb in dry hair, then this

comb attracts small pieces of paper. And
if we rub a glass rod with a piece of silk
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(a) Combing the hair produces
electric charge.

(b) Electrically charged comb
then attracts tiny pieces of paper.

Figure 1. The electric charge produced on the comb (on rubbing in hair)
comes from the atoms present in the comb. This shows that some charged
particles are present in the atoms of comb (and hence of other matter).
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cloth and bring it near an inflated balloon, then the glass rod attracts the balloon. We know that an electrically
charged object can attract an uncharged object. This means that on rubbing with dry hair, a comb gets an
electric charge, and on rubbing with silk cloth, a glass rod also gets an electric charge. Now, the question
arises : Where does this electric charge come from ? The obvious answer is : from within the atoms present
in the comb and glass rod. These simple experiments tell us that some charged particles are present in the
atoms of matter. So, the atom is divisible.

DISCOVERY OF ELECTRON
The existence of electrons in an atom was shown by J.J. Thomson in 1897. Thomson passed electricity

at high voltage through a gas at very low pressure taken in a discharge tube. Streams of minute particles
were given out by the cathode (negative electrode). These streams of particles are called cathode rays
(because they come out of cathode). The mass and charge of the cathode ray particles does not depend on
the nature of gas taken in the discharge tube. Cathode rays consist of small, negatively charged particles
called electrons. Since all the gases form cathode rays, it was concluded that all the atoms contain
negatively charged particles called electrons.

Thomson explained the formation of cathode rays as follows. The gas taken in the discharge tube
consists of atoms, and all the atoms contain electrons. When high electrical voltage is applied, the electrical
energy pushes out some of the electrons from the atoms of the gas. These fast moving electrons form
cathode rays. Thus, the formation of cathode rays shows that one of the subatomic particle present in all
the atoms is the negatively charged ‘electron’. We can now define an electron as follows.

The electron is a negatively charged particle found in the atoms of all the elements. The electrons are
located outside the nucleus in an atom. Only hydrogen atom contains one electron, all other atoms contain
more than one electron. An electron is usually represented by the symbol e– (e for electron and minus sign
for negative charge).

Characteristics of an Electron

The two important characteristics of an electron are its mass and charge. These are described below.

1. Mass of an Electron. The mass of an electron is about  
1

1840
of the mass of hydrogen atom (which is

the atom of lowest mass). Since the mass of a hydrogen atom is 1 u, we can say that the relative mass of an

electron is 
1

1840
 u. The absolute mass of an electron is, however, 9 × 10–28 gram. The mass of an electron is

Figure 2. J.J. Thomson : The scientist
who discovered the negatively charged
subatomic particle called electron.

Figure 3. The greenish light in the above gas discharge
tube is produced when invisible cathode rays strike on
the glass walls of the discharge tube. The stream of
cathode rays in the gas  discharge tube consists of
negatively charged particles called electrons.
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so small that it is considered to be negligible. This is why the mass of electrons is ignored while calculating
the atomic mass of an element.

2. Charge of an Electron.  The absolute charge on an electron is 1.6 × 10–19 coulomb of negative charge.
Now, 1.6 × 10–19 coulomb has been found to be the smallest negative charge carried by any particle. So, this
is taken as the unit of negative charge. This means that an electron has 1 unit of negative charge. In other
words, the relative charge of an electron is, –1 (minus one).

DISCOVERY OF PROTON
The formation of cathode rays has shown that all the atoms contain negatively charged particles called

electrons. Now, an atom is electrically neutral, so it must contain some positively charged particles to
balance the negative charge of electrons. It has actually been found by experiments that all the atoms
contain positively charged particles called protons.

The existence of protons in the atoms was shown by E. Goldstein. When Goldstein passed electricity
at high voltage through a gas at very low pressure taken in a discharge tube, streams of heavy particles
were given out by the anode (positive electrode). These streams of particles are called anode rays. Anode
rays consist of positively charged particles. The mass and charge of the anode ray particles depends on the
nature of gas taken in the discharge tube. Different gases give different types of anode rays which contain
positively charged particles having different masses and different charges.

Hydrogen gas is the lightest gas and hydrogen atom is the lightest atom. So, the positive particles
obtained from hydrogen gas are the lightest and have the smallest charge. The anode rays obtained from
hydrogen gas are made up of the same type of positive particles. These particles are called protons. Thus,
the anode rays obtained from hydrogen gas consist of protons. A proton is formed by the removal of an
electron from a hydrogen atom.

Goldstein explained the formation of protons as follows. Hydrogen gas consists of hydrogen atoms.
When high electrical voltage is applied to hydrogen gas, the electrical energy removes the electrons from
the hydrogen atoms. After the removal of negatively charged electron from a hydrogen atom, a positively
charged particle called proton is formed. These fast moving protons form the anode rays. Please note that
hydrogen atoms are the lightest of all the atoms, so hydrogen atoms form the lightest positively charged
particles called protons. The heavier atoms of other gases form heavier positively charged particles which
are made up of a number of protons held together. We can now define a proton as follows.

Figure 4. Eugen Goldstein : The scientist
who discovered the positively charged
subatomic particle called proton.

Figure 5. The faint red glow in the above gas discharge
tube (seen on the extreme left side in the above picture)
is produced when invisible anode rays strike on the
glass walls of the discharge tube. The anode rays
obtained from hydrogen gas in the discharge tube consist
of positively charged particles called protons.
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 The proton is a positively charged particle found in the atoms of all the elements. The protons are
located in the nucleus of an atom. Only hydrogen atom contains one proton in its nucleus, atoms of all
other elements contain more than one proton. A proton is usually represented by the symbol p+ (p for
proton and plus sign for positive charge).

Characteristics of a Proton

The two important characteristics of a proton are its mass and charge. These are described below.

1. Mass of a Proton. The proton is actually a hydrogen atom which has lost its electron. Since the mass
of an electron is very small, we can say that the mass of a proton is equal to the mass of a hydrogen atom. But the
mass of a hydrogen atom is 1 u, therefore, the relative mass of a proton is 1 u. If, however, we compare the
mass of a proton with that of an electron, then the mass of a proton is 1840 times that of an electron. The
absolute mass of a proton is 1.6 × 10–24 gram.

2. Charge of a Proton. The charge of a proton is equal and opposite to the charge of an electron. So,
the absolute charge of a proton is 1.6 × 10–19 coulomb of positive charge. Now, 1.6 × 10–19 coulomb has been
found to be the smallest positive charge carried by any particle. So, this is taken as the unit of positive
charge. This means that proton carries 1 unit positive charge. In other words, the relative charge of a
proton is +1 (plus one).

The formation of  cathode rays and anode rays on passing electricity through gases at very low
pressure tells us that atom is not indivisible, it is made up of smaller particles. Actually, the formation of
cathode rays tells us that atoms contain negatively charged particles (electrons) inside them whereas the formation of
anode rays tells us that atoms contain positively charged particles (protons) in them.

DISCOVERY OF NEUTRON
After the discovery of protons and electrons, it was noticed that all the mass

of an atom cannot be accounted for on the basis of only protons and electrons
present in it. For example, a carbon atom contains 6 protons and 6 electrons.
Now, the mass of electrons is so small that it can be ignored. So, the atomic mass
of carbon should be only 6 u, which is the mass of 6 protons. This, however, is
wrong because the actual atomic mass of carbon is 12 u. Then, how do we explain
this extra mass of 6 units ? This problem was solved by the discovery of another
subatomic particle by James Chadwick in 1932. This particle is called neutron.
The neutron is a neutral particle found in the nucleus of an atom. Atoms of all
the elements contain neutrons except ordinary hydrogen atom which does not
contain any neutron. Thus, the subatomic particle not present in a hydrogen
atom is neutron. A hydrogen atom contains only one proton and one electron. A
neutron is represented by the symbol n.

Characteristics of a Neutron

The two important characteristics of a neutron are its mass and charge. These
are described below.

1. Mass of a Neutron. The mass of a neutron is equal to the mass of a proton. In other words, the
relative mass of a neutron is 1 u. The absolute mass of a neutron is 1.6 × 10–24 gram.

2. Charge of a Neutron. Neutron has no charge. It is electrically neutral.

We are now in a position to explain why the atomic mass of carbon is 12 u. It is now known that a
carbon atom contains 6 protons and 6 neutrons, each having a mass of 1 u. Now,

Atomic mass = Mass of    +    Mass of
of carbon 6 protons   6 neutrons

Figure 6. James Chadwick :
The scientist who discovered
the neutral subatomic particle
called neutron.
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= 6 × 1 + 6 × 1
= 12 u

Thus, the atomic mass is given by the sum of the masses of protons and neutrons present in the nucleus
of an atom. The mass of electrons present in an atom is very, very small, so it is ignored.

We will now compare a proton, a neutron and an electron in respect of their relative masses and charges.

Comparison between Proton, Neutron and Electron

Subatomic particle Relative mass Relative charge Location in the
atom

(i) Proton 1 u +1 In the nucleus
(ii) Neutron 1 u 0 In the nucleus

(iii) Electron 1
1840

u –1 Outside nucleus

STRUCTURE OF ATOM
Dalton’s atomic theory suggested that atom was indivisible – which could not be broken down into

smaller particles. But the discovery of subatomic particles such as electrons and protons inside the atom
disproved this postulate of Dalton’s atomic theory. The discovery of electrons and protons suggested that
atoms are divisible and they do have an inner structure. After the discovery that atoms contain electrons
and protons, it became necessary to find out how these electrons and protons were arranged inside the
atom (Please note that the third subatomic particle neutron had not been discovered at that time). J.J.
Thomson was the first scientist to propose a model for the structure of atom. This is described below.

THOMSON’S MODEL OF THE ATOM
When J.J. Thomson proposed his model of the atom in 1903, then only electrons and protons were

known to be present in the atom. According to Thomson’s model of the atom :
1. An atom consists of a sphere (or ball) of positive charge with negatively charged electrons embedded

in it.
2. The positive and negative charges in an atom are equal in magnitude, due to which an atom is

electrically neutral. It has no overall positive or negative charge.

Thomson’s model of the atom is shown in Figure 7. The coloured area in the sphere (or
ball) contains all the positive charge in the atom. The negatively charged electrons are spread
throughout the positive charge. The total negative charge of electrons is equal to the total
positive charge of the sphere. These equal and opposite charges balance each  other due to
which an atom becomes electrically neutral on the whole.

Figure 7. Thomson’s model of the atom.
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are spread
throughout the
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Figure 8. Thomson’s model of
the atom is similar to a
Christmas pudding.

Figure 9. We can also compare
Thomson’s model of the atom
to a watermelon.
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Thomson’s model of the atom is similar to that of a Christmas pudding. The electrons embedded in a
sphere of positive charge are like the currants (dry fruits) in a spherical Christmas pudding. We can also
compare Thomson’s model of atom to a watermelon. The red, edible part of watermelon represents the
sphere of positive charge whereas the black seeds embedded in watermelon are like the electrons. Although
Thomson’s model of atom explained the electrically neutral nature of atom but it could not explain the
results of various experiments carried out by other scientists such as Rutherford’s experiments.

Before we describe Rutherford’s experiment which led to the discovery of a positively charged nucleus
in the atom, we should know the meaning of alpha particles (also written as α-particles). Alpha particle is
a positively charged particle having 2 units of positive charge and 4 units of mass. It is actually a helium

ion, He2+. Alpha particles are emitted by radioactive elements like radium and polonium. The fast moving
alpha particles have a considerable amount of energy. They can penetrate through matter to some extent.
We will also be using a gold foil in this experiment. A gold foil is a very thin sheet of gold. Alpha particles
are much smaller than the gold atoms present in the gold foil. We will now describe Rutherford’s experiment.

Rutherford’s Experiment – Discovery of Nucleus

After the discovery of electrons, protons and neutrons, it became clear that an atom is made up of these
three subatomic particles. Experiments were then
carried out to find out how electrons, protons
and neutrons were arranged in an atom. It was
Rutherford’s alpha particle scattering experiment
which led to the discovery of a small positively
charged nucleus in the atom containing all the
protons and neutrons.

When fast moving alpha particles are allowed
to strike a very thin gold foil in vacuum, it is
found that :

1. Most of the alpha particles pass straight
through the gold foil without any
deflection from their original path (see
Figure 13).

2. A few alpha particles are
deflected through small
angles and a few are
deflected through large
angles.

Figure 10. An alpha particle
is made of two protons and
two neutrons.

Figure 11. This picture shows the fast
moving alpha particles being emitted by a
radioactive element (l ike radium or
polonium).

Figure 12. This is a gold foil. It is a
very thin sheet of gold metal. Such a
gold foil was used in Rutherford’s
alpha particle scattering experiment
which led to the discovery of nucleus.

+
++

++

++

++

++

++

++

++

++

+

+

+

Most of the
alpha particles
pass straight

Large
deflection

Small deflection

A beam of
alpha particles

Nucleus

Turned back

Atoms of the
gold foil

Alpha
particles

Figure 13. Scattering of alpha particles by the atoms of a
gold foil.
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3. A very few alpha particles completely rebound on hitting the gold foil and turn back on their path
(just as a ball rebounds on hitting a hard wall).

Rutherford explained these observations in the following way :

Gold foil is made up of atoms. If the atoms were solid throughout their volume, then every alpha
particle striking them should have changed its path and got deflected. Since most of the alpha particles
pass straight through the gold foil without any deflection, it shows that there is a lot of empty space in
the atom.

We know that similar charges repel each other. So, a positively charged body will repel another positively
charged body. The observation that some of the alpha particles are deflected through small and large
angles shows that there is a ‘centre of positive charge’ in the atom which repels  the positively charged
alpha particles and deflects them from their original path. This centre of positive charge in the atom is
known as nucleus. Thus, the scattering of alpha particles by a thin gold foil shows the existence of a positively
charged nucleus in the atom.

A very few of the alpha particles are turned back on their path. This fact cannot be explained only on
the basis of repulsion due to positive charge of the nucleus. It can, however, be explained by assuming that
the nucleus is very dense and hard. So, the
observation that a very few alpha particles
completely rebound on hitting the gold foil shows
that the nucleus is very dense and hard which does
not allow the alpha particles to pass through it. Since
the nucleus is very dense, practically the whole mass
of an atom is centred at its nucleus. As the number of
alpha particles which are deflected is very small, we
conclude that the size of the nucleus must be very
small as compared to the size of the atom as a whole.
In fact, the radius of nucleus has been found to be
about 105 times smaller than the radius of the atom.

From the above discussion we conclude that
Rutherford’s alpha-particle scattering experiment
shows the presence of a nucleus in the atom. It also
gives the following important information about the
nucleus of an atom :

(i) Nucleus of an atom is positively charged.

(ii) Nucleus of an atom is very dense and hard.

(iii) Nucleus of an atom is very small as compared to the size of the atom as a whole.

Nucleus

The nucleus is a small positively charged part at the centre of an atom. The nucleus contains all the
protons and neutrons, therefore, almost the entire mass of an atom is concentrated in the nucleus (the
electrons, which are outside the nucleus, have negligible mass). The positive charge on the nucleus is due
to the presence of protons in it. The number of protons in the nucleus determines the number of positive
charges on the nucleus. The neutrons which are also present in the nucleus have no charge, they are neutral.
Protons and neutrons taken together are known as nucleons (because they are present in the nucleus).
The volume of the nucleus of an atom is very small as compared to the volume of the extranuclear part
of the atom. The existence of positively charged nucleus in an atom was shown by the alpha particle
scattering experiment of Rutherford.

Figure 14. The nucleus of an atom is extremely small as
compared to the size of the atom as a whole. The relative
size of the nucleus in an atom is roughly the same as that of
a pea in the middle of this large stadium.



SCIENCE FOR NINTH CLASS : CHEMISTRY182

Please note that when
Rutherford put forward his nuclear
model of atom in 1911, even then
only electrons and protons were
known to be present in the atom.
This is because neutron was
discovered much later in 1932. So,
the original model of an atom given
by Rutherford contained only
protons in the nucleus. It contained
no neutrons. Rutherford’s model of
the atom was improved later on by
including neutrons in the nucleus.
We will study this improved model
of atom now.

RUTHERFORD’S MODEL OF THE ATOM
On the basis of alpha particle scattering experiment, Rutherford gave a nuclear model of the atom.

Rutherford’s model of atom (or structure of atom) can be described as follows :

1. An atom consists of a positively charged, dense and very small nucleus containing all the protons
and neutrons (protons have positive charge whereas neutrons have no charge). Almost the entire
mass of an atom is concentrated in the nucleus.

2. The nucleus is surrounded by negatively charged electrons. The electrons are revolving round the
nucleus in circular paths at very high speeds. The circular paths of the electrons are called orbits.

3. The electrostatic attraction between the positively charged nucleus and negatively charged electrons
holds the atom together.

4. An atom is electrically neutral. This is because the number of protons and electrons in an atom is
equal.

5. Most of the atom is empty space.

We will now describe the structures of some atoms on the basis of Rutherford’s model of atom.

The simplest atom is that of hydrogen. It contains one proton and one electron. According to
Rutherford's theory, a hydrogen atom consists of a small nucleus containing one proton, and one electron
revolving around it (Figure 17). The nucleus is almost at the centre of the atom. Since the hydrogen atom
contains an equal number of protons and electrons (1 each), it is electrically neutral. Please note that the
nucleus of an ordinary hydrogen atom does not contain any neutrons in it.

e

e

e

p+
2n
2p+

Electron

Electron

Electron

Nucleus
(contains proton)

Nucleus
(contains protons
and neutrons)

-

-

-

Figure 17.  Structure of a hydrogen atom. Figure 18. Structure of a helium atom.
Here p+ = proton p+ = proton, n = neutron

 e– = electron      e– = electron

Figure 15. The nucleus is a small
positively charged part at the centre
of an atom. It contains all the protons
and neutrons.

Figure 16. Ernest Rutherford : The
scientist who discovered positively
charged nucleus at the centre of an
atom.
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The next simplest atom is that of helium. A helium atom consists of a small central nucleus containing
2 protons and 2 neutrons, and there are 2 electrons revolving around this nucleus (Figure 18). Since the
helium atom contains an equal number of protons and electrons (2 each), therefore, it is electrically neutral.

Drawback of Rutherford’s Model of the Atom

A major drawback (or defect) of Rutherford's model of the atom is that it does not explain the stability
of the atom. This point will become more clear from the following discussion.

In the Rutherford’s model of an atom, the negatively charged electrons are revolving around the
positively charged nucleus in circular paths. Now, we know that if an object moves in a circular path, then
its motion is said to be accelerated. This means that the motion of an electron revolving around the nucleus
is accelerated.

According to the electromagnetic theory of physics, if a charged particle undergoes accelerated motion,
then it must radiate energy (or lose energy) continuously. Now, if we
apply this electromagnetic theory to the Rutherford’s model of an atom,
it will mean that the negatively charged electrons revolving around the
nucleus with accelerated motion, will lose their energy continuously
by radiation. Thus, the energy of revolving electrons will decrease
gradually and their speed will also go on decreasing. The electrons will
then be attracted more strongly by the oppositely charged nucleus due
to which they will come more and more close to the nucleus. And
ultimately the electrons should fall into the nucleus by taking a spiral
path (as shown in Figure 19). This should make the atom very unstable
and hence the atom should collapse.

But this does not happen at all. We know that the electrons do not
fall into the nucleus of an atom. Rather, atoms are very stable and do
not collapse on their own. The Rutherford's model, however, does not
explain the stability of an atom.

Neils Bohr Explained the Stability of Atom

In order to explain the stability of atom and overcome the objection against Rutherford’s
model of atom, Neils Bohr gave a new arrangement of electrons in the atom in 1913.
According to Neils Bohr :

1.  The electrons could revolve around the nucleus in only ‘‘certain orbits’’ (or ‘‘certain energy levels’’),
each orbit having a different radius. The electrons in each orbit have a characteristic amount of energy.
The electrons which are in orbits close to the nucleus have low energy while those in orbits farther from the
nucleus have higher energy.

2. When an electron is revolving in a particular orbit or particular energy level around the nucleus, the
electron does not radiate energy (does not lose energy), even though it has accelerated motion around the
nucleus. And since the electrons do not lose energy while revolving in certain permitted orbits, they do not fall
into the nucleus, and hence the atom remains stable. Please note that the circular paths or orbits around the
nucleus (where the movement of electrons takes place), are also known as ‘‘energy levels’' or ‘‘electron shells’’.

BOHR’S MODEL OF THE ATOM
The present concept of atom was given by Neils Bohr. The Bohr’s model of atom can be described as

follows :
1. An atom is made up of three particles : electrons, protons and neutrons. Electrons have negative

charge, protons have positive charge whereas neutrons have no charge, they are neutral. Due to the
presence of equal number of negative electrons and positive protons, the atom on the whole is

Negatively
charged
electron

Positively
charged
nucleus

Figure 19. Diagram to show how an
energy losing electron could fall into
the nucleus.
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electrically neutral.
2. The protons and neutrons are located in a small nucleus at the centre of the atom. Due to the

presence of protons, nucleus is positively charged.
3. The electrons revolve rapidly round the nucleus in fixed circular paths called energy levels or

shells. The energy levels or shells are represented in two ways : either by the numbers 1, 2, 3, 4, 5
and 6 or by the letters K, L, M, N, O and P (see Figure 21). The energy levels are counted from the
centre outwards.

4. There is a limit to the number of electrons which each energy level (or shell) can hold. For
example, the first energy level (or K shell) can hold a maximum of 2 electrons; second energy level
(or L shell) can hold a maximum of 8 electrons; third energy level (or M shell) can hold a maximum
of 18 electrons and fourth energy level (or N shell) can hold a maximum of 32 electrons.

5. Each energy level (or shell) is associated with a fixed amount of energy, the shell nearest to the
nucleus having minimum energy and the shell farthest from the nucleus having the maximum
energy.

6. There is no change in the energy of electrons as long as they keep revolving in the same energy
level, and the atom remains stable. The change in the energy of an electron takes place only when
it jumps from a lower energy level to a higher energy level or when it comes down from a higher
energy level to a lower energy level. When an electron gains energy, it jumps from a lower energy
level to a higher energy level, and when an electron comes down from a higher energy level to a
lower energy level, it loses energy.

            ATOMIC NUMBER

We know that protons are present in the nucleus of an atom. It is the number of protons
present in an atom which determines its atomic number. We can define atomic number as
follows : The number of protons in one atom of an element is known as atomic number
of that element. That is :

Atomic number = Number of protons
of an element in one atom of element

For example, one atom of sodium element has 11 protons in it, so the atomic number of sodium is 11.
Similarly, one atom of carbon element has 6 protons in it, so the atomic number of carbon is 6. And a
hydrogen atom has just 1 proton in its nucleus, therefore the atomic number of hydrogen is 1. The atomic

Figure 20. Neils Bohr : The scientist
who gave the present concept of the
structure of atom.
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Figure 21. Bohr’s model of the atom : Nucleus is at the centre. Electrons
revolve round the nucleus in ‘fixed’ energy levels or electron shells
(only first four energy levels are shown in the above diagram).
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number of an element is denoted by the letter Z. The atomic number of  sodium is 11, so we can say that
for sodium, Z = 11. The atomic number of carbon is 6, so for carbon, Z = 6. And the atomic number of
hydrogen is 1, therefore, for hydrogen, Z = 1.

All the atoms of the same element have the same number of protons in their nuclei, and hence they
have the same atomic number. Atoms of different elements have different number of protons in their
nuclei, so they have different atomic numbers. No two elements can have the same atomic number. Since
each element has its own fixed atomic number, therefore, atomic number can be used to identify an
element. For example, atomic number 6 tells us that it is carbon element. No other element can have
atomic number of 6. Thus, it is the number of protons (or atomic number) which distinguishes the atoms
of one element from the atoms of another element. The atoms of various elements are different because
they have different atomic numbers (because of different number of protons in them).

In a normal atom (or neutral atom), the number of protons is equal to the number of electrons in it. So,
we can also say that the atomic number of an element is equal to the number of electrons in a neutral
atom of that element. That is,

Atomic number = Number of electrons
of an element in one neutral atom

For example, one neutral atom of sodium contains 11 electrons, so the atomic number of sodium is 11.
It is very important to note here that the atomic number of an element is equal to the number of electrons
only in a neutral atom, and not in an ion because only a neutral atom contains an equal number of protons
and electrons. On the other hand, an ion is formed by the removal of electrons from a normal atom or by
the addition of electrons to a normal atom and, therefore, contains either less or more electrons than protons.

Only the electrons of an atom take part in chemical reactions, the protons do not take part in a chemical
reaction. So, during a chemical reaction, the number of electrons in the atoms may change, but the number
of protons remains the same. Thus, the atomic number of an element does not change during a chemical
reaction, it remains the same.

It is clear from the above discussion that the atomic number of an element tells us two things :

1. It tells us the number of protons in one atom of the element.

2. It tells us the number of electrons in one normal atom of the element.

For example, the atomic number of sodium is 11. It tells us that a sodium atom contains 11 protons. It
also tells us that a normal sodium atom contains 11 electrons. We will now discuss the mass number of an
element.

MASS NUMBER
An atom consists of protons, neutrons and electrons. Since the mass of electrons is negligible, the real

mass of an atom is determined by the protons and neutrons only. The total number of protons and neutrons
present in one atom of an element is known as its mass number. That is,

Mass number = No. of protons + No. of neutrons

For example, one atom of sodium element contains 11 protons and 12 neutrons, so the mass number of
sodium is 11 + 12 = 23. Similarly, a normal carbon atom has 6 protons and 6 neutrons, so the mass number
of carbon is 6 + 6 = 12. And an ordinary hydrogen atom has 1 proton but 0 neutron (no neutron), therefore,
the mass number of ordinary hydrogen is just 1. The mass number of an element is denoted by the letter
A. The mass number of sodium is 23, so we can say that for sodium, A = 23. The mass number of carbon is
12, so for carbon, A = 12. And the mass number of ordinary hydrogen is 1, so for ordinary hydrogen, A =
1. Please note that protons and neutrons present in a nucleus, taken together, are known as nucleons. So,
we can also say that the total number of nucleons present in one atom of an element is known as its mass
number.
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The mass number of an atom also gives us the atomic mass. This can be explained as follows. We
have just seen that :

Mass number = No. of protons + No. of neutrons

Now, Mass of a proton = 1 u

And, Mass of a neutron = 1 u

So,  Mass number = No. of protons × 1 + No. of neutrons × 1

or  Mass number = Mass of protons +  Mass of neutrons

But the total mass of protons and neutrons is called atomic mass, so :

Mass number = Atomic mass

Thus, the mass number of an atom gives us the atomic mass of the atom. Actually, the atomic mass of
an atom is numerically equal to its mass number. For example, if the mass number of an atom is 23, then its
atomic mass will be 23 u.

Relationship Between Mass Number and Atomic Number

We will now derive a relationship between mass number and atomic number of an element. We have
just seen that :

Mass number = No. of protons + No. of neutrons

Since the number of protons in an atom is equal to the atomic number of the element, we can rewrite
the above relation by putting “Atomic number” in place of “No. of protons”. Thus :

 Mass number = Atomic number + No. of neutrons

The atomic number and mass number can be indicated on the symbol of an element. The atomic number
is written on the lower left side of the symbol whereas mass number is written on the upper left side of the
symbol of the element. This is shown below :

Symbol
of

element

Mass
number

Atomic
number

For example, an atom of carbon whose atomic number is 6 and mass number 12 is represented as :
12

6C

The lower figure (6) indicates the atomic number and the upper figure (12) indicates the mass number
of carbon. Let us solve some problems now.

Sample Problem 1. Calculate the atomic number of an element whose atomic nucleus has mass number
23 and neutron number 12. What is the symbol of the element ?

Solution. We know that :

 Mass number = Atomic number + No. of neutrons

So, 23 = Atomic number + 12

And, Atomic number = 23 – 12

= 11

The element having atomic number 11 is sodium and its symbol is Na. If, however, we indicate the
atomic number and mass number also, then the symbol becomes 23

11 Na , where 11 is the atomic number and
23 is the mass number.

Sample Problem 2. The number of electrons in an atom is 8 and the number of protons is also 8.

(a) What is the atomic number of the atom ?
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(b) What is the charge on the atom ? (NCERT Book Question)

Solution. (a)  Atomic number is equal to the number of protons  in one atom. Since this atom contains
8 protons, so the atomic number is 8.

(b)  This atom contains an equal number of positively charged protons and negatively charged electrons
(8 each), so it has no overall charge. That is, the charge on this atom is 0 (zero).

Sample Problem 3. Helium atom has an atomic mass of 4 u and two protons in its nucleus. How many
neutrons does it have ? (NCERT Book Question)

Solution. We know that atomic mass is numerically equal to mass number of an atom. Since the helium
atom has an atomic mass of 4 u, therefore, the mass number of helium atom will be 4. And the number of
protons in the helium nucleus has been given to be 2. Now,

Mass number = No. of protons + No. of neutrons

So, 4 = 2  + No. of neutrons

And, No. of neutrons = 4 – 2

= 2

Thus, the helium atom has 2 neutrons.

ARRANGEMENT OF ELECTRONS IN THE ATOMS

 Electrons are negatively charged, so they form a cloud of negative charges outside the nucleus. In this
cloud, the electrons are arranged according to their potential energy in different energy levels or shells. The
energy levels of the electrons are denoted by the numbers 1, 2, 3, 4, 5 and 6 whereas shells are represented
by the letters K, L, M, N, O and P.

1st energy level is K shell

2nd energy level is L shell

3rd energy level is M shell

4th energy level is N shell, and so on.

K

2 8

L M N

18 32

First energy level

Second energy level

Third energy level

Fourth energy level

Electron shells

Maximum number of

electrons which can be

accommodated in the

various shells

N
ucleus

Figure 22. Energy levels or electron shells in an atom. (This figure shows only first four shells K, L, M and N)

The energy levels or shells are represented by circles around the nucleus. The shells are counted from
the centre outwards (see Figure 22). For example, K shell having the minimum energy is nearest to the
nucleus ; L shell which has a little more energy is a bit farther away from the nucleus, and so on. It is
obvious that the outermost shell of an atom is at the highest energy level.

We will now describe how the electrons fill up the various energy levels or shells in an atom. It is a well
known fact that a system is most stable when it has the minimum energy. So, the electrons occupy the low
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energy levels first (this will make the atoms more stable). Now, K shell is at the lowest energy level, so first
of all the electrons fill K shell, then L shell, M shell, N shell, and so on.

Electronic Configurations of Elements

The arrangement of electrons in the various shells (or energy levels) of an atom of the element is
known as electronic configuration of the element. In other words, electronic configuration is the distribution
of electrons in various shells (or energy levels) of an atom such as K shell, L shell, M shell, etc.

In order to write down the electronic configuration of an element, we should know two things :
(i) We should know the number of electrons in one atom of the element.

(ii) We should know the maximum number of electrons that can be accommodated in different shells
of the atom.

The number of electrons in an atom of the element is given by the atomic number of the element,
because the number of electrons in an atom of the element is equal to the atomic number of the element.
For example, if the atomic number of an element is 12, then its atom contains 12 electrons.

The maximum number of electrons which can be put in a particular energy level or shell was given by
Bohr and Bury. According to Bohr-Bury scheme :

1. The maximum number of electrons which can be accommodated in any energy level of the atom is
given by 2n2 (where n is the number of that energy level). Let us calculate the maximum number of
electrons which can be put in the first four energy levels of an atom.

(i) For 1st energy level, n = 1
 So, The maximum number of electrons in 1st energy level = 2n2

= 2 × (1)2

= 2 × 1
= 2

(ii) For 2nd energy level, n = 2
So, The maximum number of electrons in 2nd energy level = 2n2

= 2 × (2)2

= 2 × 4
= 8

(iii) For 3rd energy level, n = 3
So, The maximum number of electrons in 3rd energy level = 2n2

= 2 × (3)2

= 2 × 9
= 18

(iv) For 4th energy level, n = 4

So, The maximum number of electrons in 4th energy level = 2n2

= 2 × (4)2

= 2 × 16
= 32

Thus, the maximum number of electrons that can be accommodated in the first energy level is 2, for
second energy level is 8, for third energy level is 18, and for the fourth energy level is 32. Now, the first
energy level is called K shell, the second energy level is called L shell, the third energy level is called M
shell and the fourth energy level is known as N shell. So, we can also say that the maximum number of
electrons which can be accommodated in K shell is 2, for L shell is 8, for M shell is 18 and for N shell is
32. This can be put in the tabular form as follows :
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Electron shell Maximum capacity

K shell 2 electrons
L shell 8 electrons
M shell 18 electrons

N shell 32 electrons

2. The outermost shell of an atom cannot accommodate more than 8 electrons, even if it has the
capacity to accommodate more electrons. (If, however, the outermost shell of an atom is the first shell or K
shell, then it cannot accommodate more than 2 electrons)

This means that normally, the outermost shell of an atom can take a maximum of 8 electrons only. For
example, if M shell is the outermost shell of an atom then it can hold a maximum of 8 electrons only,
though its maximum rated capacity is 18 electrons. This is due to the fact that “having 8 electrons in the
outermost shell” makes the atoms very stable. If, however, the outermost shell is the first shell or K shell,
then it can hold a maximum of 2 electrons only. This is because having 2 electrons in the outermost shell
when it is first shell or K shell (there being no other electron shells in the atom) also makes the atom very
stable. This happens in the case of helium element which has only one shell (K shell) in its atom.

3. Electrons in an atom do not occupy a new shell unless all the inner shells are completely filled
with electrons

This means that the electron shells in an atom are filled in  a step-wise manner. First of all the electrons
fill K shell, then L shell, M shell, N shell, and so on. There are, however, some exceptions to this rule
(which apply to elements having atomic numbers  more than 18). We will study this in higher classes.

Keeping these points in mind, let us learn to write the electronic configurations of the elements.

Sample Problem 1. Write the electronic configuration of an element X whose atomic number is 12.

Solution. Atomic number of the element X is 12 which means that one atom of X has 12 electrons. First
of all the electrons will go to K shell which can take a maximum of 2 electrons. Thus, the first 2 electrons
will occupy K shell and we write K

2
for it. After filling the K shell, the electrons will go to L shell. Now, L

shell can take a maximum of 8 electrons for which we write L
8

. In this way 2 + 8 = 10 electrons have been

accommodated, and we are left with  2 more  electrons. The remaining 2 electrons go to M shell and we
write M

2
 for it. Writing all the electron shells together, the electronic configuration of the element X becomes :

K L M
2, 8, 2

Please note that it is not necessary to write the shells K, L and M, etc.,
while writing the electronic configurations of the elements. For example,
the electronic configuration of the element X of atomic number 12 can
be simply written as 2, 8, 2. It is, however, better to indicate their shells
also. Another point to be noted is that we have given so many details in
the solution of this problem just to make you understand the things
clearly. There is no need to write so many details in the exam. The
arrangement of electrons in the atom of element X has been shown in
Figure 23.

Sample Problem 2. Write the distribution of electrons in a carbon
atom. (Atomic number of carbon = 6) (NCERT Book Question)

Solution. The atomic number of carbon is 6, so a carbon atom has 6 electrons in it. Out of 6 electrons :

(i) the first 2 electrons will occupy K shell. For this we write K
2

.
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Figure 23. Figure for sample
problem 1.
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(ii) the remaining 6 – 2 = 4 electrons will go to L shell. For this we write L
4

.

So, the distribution of electrons in a carbon atom ( or the electronic configuration of a carbon atom) will
be :

K L or 2, 4
2, 4

Sample Problem 3. Write the electronic configuration of sodium atom (Atomic number of sodium = 11)
(NCERT Book Question)

Solution. The atomic number of sodium is 11. This means that a normal sodium atom contains 11
electrons. Out of 11 electrons of sodium atom, the first 2 electrons will occupy K shell, the next 8 electrons
will occupy L shell and the remaining 1 electron will go to M shell. So, the electronic configuration of
sodium atom will be :

K L M    or 2, 8, 1
2, 8, 1

Sample Problem 4. What would be the electronic configuration of a positively charged sodium ion,
Na+ ? What would be its atomic number ?

Solution. The atomic number of sodium is 11. So, a neutral sodium atom (Na) has 11 electrons in it.

(i) A positively charged sodium ion (Na+) is formed by the removal of 1 electron from a sodium atom.
So, a sodium ion has 11 – 1 = 10 electrons in it. Thus, the electronic configuration of a sodium ion will be
K
2,

L
8

 or 2, 8.

(ii) The atomic number of an element is equal to the number of protons in its atom. Since a sodium
atom as well as a sodium ion contain the same number of protons, therefore, the atomic number of sodium
ion is the same as that of a sodium atom, which is 11.

Sample Problem 5. Explain why, sodium ion, Na+, has completely filled K and L shells.

(NCERT Book Question)

Solution. A sodium ion, Na+, has 10 electrons in it. Now, the maximum capacity of K shell is 2
electrons and that of L shell is 8 electrons. Taken together, the maximum capacity of K and L shells is
2 + 8 = 10 electrons. A sodium ion Na+ has completely filled K and L shells because its 10 electrons can
completely fill up K and L shells.

Sample Problem 6. If both K and L shells of an atom are full, what is the total number of electrons in
the atom ? (NCERT Book Question)

Solution. K shell becomes full with 2 electrons and L shell becomes full with 8 electrons. So, if the K
and L shells of an atom are full, then it will have a total of 2 + 8 = 10 electrons in it.

Sample Problem 7. An element has 2 electrons in the M shell. What is the atomic number of the element ?

Solution. There are 2 electrons in the M shell of the atom of this element. This  means that the K
and L shells of the atom of this element (which come before M shell) are completely filled with electrons.
Now, K shell can accommodate 2 electrons, L shell can accommodate 8 electrons and we have been
given that M shell has 2 electrons. So, the electronic configuration of this element becomes 2, 8, 2.
Thus, the number of electrons in its atom is 2 + 8 + 2 = 12. Since the number of electrons in a neutral
atom is equal to the number of protons, therefore, the atomic number of this element is 12.

Electronic Configurations of First 20 Elements
The electronic configurations (electron distribution in various shells of the atoms) of the first twenty

elements having atomic numbers from 1 to 20 are given on the next page.
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Electronic Configurations of First Twenty Elements

Electronic configuration
Element Symbol Atomic number (or Electron distribution)

K L M N

1. Hydrogen H 1 1

2. Helium He 2 2

3. Lithium Li 3 2, 1

4. Beryllium Be 4 2, 2

5. Boron B 5 2, 3

6. Carbon C 6 2, 4

7. Nitrogen N 7 2, 5

8. Oxygen O 8 2, 6

9. Fluorine F 9 2, 7

10. Neon Ne 10 2, 8

11. Sodium Na 11 2, 8, 1

12. Magnesium Mg 12 2, 8, 2

13. Aluminium Al 13 2, 8, 3

14. Silicon Si 14 2, 8, 4

15. Phosphorus P 15 2, 8, 5

16. Sulphur S 16 2, 8, 6

17. Chlorine Cl 17 2, 8, 7

18. Argon Ar 18 2, 8, 8

19. Potassium K 19 2, 8, 8, 1

20. Calcium Ca 20 2, 8, 8, 2

Before we end this discussion, we would like to say a few words about the electronic
configurations of potassium (2, 8, 8, 1) and calcium (2, 8, 8, 2) having atomic numbers 19
and 20 respectively. We know that M shell can accommodate up to 18 electrons but in the
case of potassium and calcium, the M shell has only 8 electrons when the next electrons
enter the N shell. That is, the fourth energy shell N has started to fill up even before the
third energy shell M is complete with 18 electrons. This abnormal behaviour of potassium
and calcium will be explained in higher classes. Before we go further and discuss valence electrons (or
valency electrons) please answer the following questions :

 Very Short Answer Type Questions

1. Which subatomic particle is not present in an ordinary hydrogen atom ?
2. Name the scientists who described the arrangement of electrons in an atom.
3. What is the maximum number of electrons which can be accommodated in the K shell of an atom ?
4. What is the maximum number of electrons which can be accommodated in the L shell of an atom ?
5. What is the maximum number of electrons an M shell of the atom can accommodate ?
6. What is the maximum number of electrons that can go into the N shell of an atom ?
7. What is the maximum number of electrons which can be accommodated in the :

(a) innermost shell of an atom ?
(b) outermost shell of an atom ?

8. Name the three subatomic particles present in an atom.
9. Name the negatively charged particle present in the atoms of all the elements.

10. Name the scientist who discovered electron.
11. What is the usual symbol for (a) an electron  (b) a proton, and (c) a neutron ?
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12. State whether the following statements are true or false :
(a) Thomson proposed that the nucleus of an atom contains protons and neutrons.
(b) The cathode rays obtained from all the gases consist of negatively charged particles called electrons.
(c) The anode rays obtained from all the gases consist of positively charged particles called protons.

13. Name the central part of an atom where protons and neutrons are held together.
14. What are the various letters used by Bohr to represent electron shells in an atom ?
15. Name the particles which actually determine the mass of an atom.
16. Name the positively charged particle present in the atoms of all the elements.
17. What is the electronic configuration of a hydrogen atom ?
18. How many times is a proton heavier than an electron ?
19. Name the gas which produces anode rays consisting of protons in the discharge tube experiment.
20. Which part of an atom was discovered by Rutherford’s alpha particle scattering experiment ?
21. What is the positive charge on the nucleus of an atom due to ?
22. State the number of electrons present in the outermost shell of the atoms of the following elements :

(i) Neon (ii) Chlorine
23. Which shell of an atom can accommodate a maximum of :

(a)  8 electrons ? (b)  32 electrons ?
24. Name the shell of an atom which can accommodate a maximum of :

(a)  2 electrons (b)  18 electrons
25. Which subatomic particle was discovered by :

(i) Chadwick ? (ii) Thomson ? (iii)  Goldstein ?
26. Name the subatomic particle whose relative charge is :

(a) +1 (b) –1 (c) 0
27. Fill in the blanks in the following statements :

(a) The number of protons in the nucleus of an atom is called its ..........
(b) The total number of protons and neutrons in the nucleus of an atom is called its ..........
(c) An atom has atomic mass number 23 and atomic number 11. The atom has .......... electrons.
(d) An atom of an element has 11 protons, 11 electrons and 12 neutrons. The atomic mass of the atom

is ..............
(e) If the nucleus of an atom has atomic number 17, mass number 37 and there are 17 electrons outside the

nucleus, the number of neutrons in it is ..........
(f) Almost all the mass of an atom is concentrated in a small region of space called the ............ .
(g) Cathode rays are a beam of fast moving ...............
(h) The anode rays obtained from hydrogen gas consist of particles called ............
(i) The maximum number of electrons that can be accommodated in L shell are ..........
(j) The maximum number of electrons that can go into the M shell is ..........
(k) The subatomic particle not present in a hydrogen atom is ..............
(l) The electron has ..................charge, the proton has ................. charge, and the neutron has .............. charge.

 Short Answer Type Questions

28. What is an electron ? State its relative mass and charge.
29. What is the absolute mass and charge of an electron ?
30. Give the evidence for the existence of nucleus in an atom.
31. What important information is furnished  about the nucleus of an atom by the alpha particle scattering

experiment of Rutherford ?
32. How was it shown that an atom has a lot of empty space within it ?
33. Why is an atom neutral inspite of the presence of charged particles in it ?
34. (a) Which of the nuclear particles is present in the same fixed number in the atoms of any particular element ?

(b) What do we call this number which is characteristic of a particular element ?
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35. What is a proton ? State its relative mass and charge.
36. What is the absolute mass and charge of a proton ?
37. How does a proton differ from an electron ?
38. State two observations which show that atom is not indivisible.
39. All the gases form cathode rays and anode rays when electricity is passed through them :

(i) What does the formation of cathode rays tell us about the atoms ?
(ii) What does the formation of anode rays tell us about the atoms ?

40. What do you understand by the term ‘‘electronic configuration’’ of an element ? Write down the electronic
configuration of oxygen (At. No. = 8).

41. An element has an atomic number 12. How many electrons will be present in the K, L and M energy shells
of its atom ?

42. (a) What is the nucleus of an atom and what is the nature of charge on it ?
(b) Name the scientist who discovered the nucleus of atom.

43. Name the particles used by Rutherford in his experiment on the discovery of nucleus. Also state the charge
on these particles.

44. An element has atomic number 13 and an atomic mass of 27.
(a) How many electrons are there in each atom of the element ?
(b) How are these electrons distributed in the various energy levels ?

45. Write the distribution of electrons in an atom of element whose atomic number is 18. What is special about
the outermost electron shell (or valence shell) of the atom of this element ?

46. What is a neutron ? State its relative mass and charge.
47. Compare an electron, a proton and a neutron in respect of their relative masses and charges.
48. What is a proton ? How does it differ from a neutron ?
49. Compare an electron and a proton in respect of mass and charge.
50. Compare a proton and a neutron in respect of mass and charge.
51. How does an electron differ from a neutron ?
52. State the location of electrons, protons and neutrons in an atom.
53. Fill in the following blanks  :

Atomic Mass number Protons Neutrons Electrons Symbol
number

10 22 .............. .............. .............. ..............

54. Fill in the following blanks in respect of an atom of an element :

No. of No. of
Mass number

Atomic No. of
protons neutrons number electrons Symbol

11 12 .............. .............. .............. ..............

  Long Answer Type Questions

55. (a) What are cathode rays ? What is the nature of charge on cathode rays ?
(b) Explain how, cathode rays are formed from the gas taken in the discharge tube.
(c) What conclusion is obtained from the fact that all the gases form cathode rays ?

56. (a) Describe Thomson’s model of the atom. Which subatomic particle was not present in Thomson’s model
of the atom ?

(b) The mass number of an element is 18. It contains 7 electrons. What is the number of protons and neutrons
in it ? What is the atomic number of the element ?

57. (a) Describe the Rutherford’s model of an atom. State one drawback of Rutherford’s model of the atom.
(b) The mass number of an element is 23 and it contains 11 electrons. What is the number of protons and

neutrons in it ? What is the atomic number of the element ?
58. (a) Describe Bohr’s model of the atom. How did Neils Bohr explain the stability of atom ?

(b) An element has an atomic number of 11 and its mass number is 23. What is the arrangement of electrons
in the shells ? State nuclear composition of an atom of the element.
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59. (a) What is meant by (i) atomic number, and (ii) mass number,  of an element ? Explain with the help of an
example.

(b) What is the relation between the atomic number and mass number of an element ?
(c) If an element M has mass number 24 and atomic number 12, how many neutrons does its atom contain ?

  Multiple Choice Questions (MCQs)

60. Rutherford’s alpha particle scattering experiment led to the discovery of :

(a) Nucleus (b) Electrons (c) Protons (d) Neutrons
61. Which of the following is the correct electronic configuration of sodium ?

(a)  2, 8, 1 (b) 8, 2, 1 (c) 2, 1, 8 (d)  2, 8, 2
62. The particle not present in an ordinary hydrogen atom is :

(a) proton (b) neutron (c)  nucleus (d) electron
63. The subatomic particle called electron was discovered by :

(a) J.J. Thomson (b) Neils Bohr (c) James Chadwick (d) E. Goldstein
64. Which of the following represents the correct electron distribution in magnesium ion ?

(a) 2, 8 (b) 2, 8, 1 (c) 2, 8, 2 (d) 2, 8, 3
65. The correct electronic configuration of a chloride ion is :

(a) 2, 8 (b) 2, 8, 4 (c) 2, 8, 8 (d) 2, 8, 7
66. Goldstein’s experiments which involved passing high voltage electricity through gases at very low pressure

resulted in the discovery of :
(a)  electron (b) proton (c)  nucleus (b) neutron

67. The number of electrons in the atom of an element X is 15 and the number of neutrons is 16. Which of the
following is the correct representation of an atom of this element ?

(a) 31
15X (b) 31

16X (c)  16
15X (d) 15

16X

68. The ion of an element has 3 positive charges. The mass number of atom of this element is 27  and the
number of neutrons is 14. What is the number of electrons in the ion ?
(a) 13 (b) 10 (c) 14 (d) 16

69. The first model of an atom was given by :
(a) Neils Bohr (b) Ernest Rutherford (c) J.J. Thomson (d) Eugen Goldstein

70. Which of the following statement is always correct ?
(a) an atom has equal number of electrons and protons
(b) an atom has equal number of electrons and neutrons
(c) an atom has equal number of protons and neutrons
(d) an atom has equal number of electrons, protons and neutrons

 Questions Based on High Order Thinking Skills (HOTS)
71. From the symbol  31

15 P , state :
(i) mass number of phosphorus,

(ii) atomic number of phosphorus, and
(iii) electron configuration of phosphorus.

72. The atom of an element X has 7 electrons in its M shell.
(a) Write the electronic configuration of element X.
(b) What is the atomic number of element X ?
(c) Is it a metal or a non-metal ?
(d) What type of ion will be formed by an atom of element X ?  Write the symbol of the ion formed.
(e) What could element X be ?

73. An atom of element E contains 3 protons, 3 electrons and 4 neutrons :
(a) What is its atomic number ?
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(b) What is its mass number ?
(c) Write the electronic configuration of the element E.
(d) State whether element E is a metal or non-metal. Why ?
(e) What type of ion, cation or anion, will be formed by an atom of element E ? Why ?
(f) Write the symbol of the ion formed by an atom of element E.
(g) What could element X be ?

74. An atom of an element X may be written as 9
4 X  .

(a) What does the figure 9 indicate ?
(b) What does the figure 4 indicate ?
(c) What is the number of protons in atom X ?
(d) What is the number of neutrons in atom X ?
(e) What is the number of electrons in atom X ?
(f) How many electrons are there in the outermost shell of an atom of element X ?
(g) Write the symbol of ion formed by an atom of element X.

75. The electronic configuration of an element Z is 2, 8, 8.
(a) What is the atomic number of the element ?
(b) State whether element Z is a metal or a non-metal.
(c) What type of ion (if any) will be formed by an atom of element Z ? Why ?
(d) What is special about the outermost electron shell of the atom of this element ?
(e) Give the name and symbol of element Z.
(f) Name the group of elements to which Z belongs.

ANSWERS
1.  Neutron 7. (a) 2  (b) 8 12.  (a) False   (b) True (c) False   19. Hydrogen gas 20. Nucleus  22. (i) 8
(ii) 7 27. (a) atomic number  (b) mass number  (c) 11 (d) 23 (e) 20  (f) nucleus  (g) electrons  (h) protons

(i) 8    (j) 18   (k) neutron  (l) negative ; positive ; no 34. (a) Protons  (b) Atomic number 40. 
,

K L
2 6

41.  K : 2 ; L : 8 ; M : 2  44. (a) 13  (b) K L M
32, 8,

  45. K L M
82, 8,

; The outermost electron shell (M shell) of the

atom of this element is completely filled with electrons    53. 10 ; 12 ; 10 ; Ne    54. 23 ;  11 ; 11 ; Na

56. (b) 7 ; 11; 7  57. (b) 11 ; 12 ; 11   58. (b) K L M
18,2,

 ; 11 protons and 12 neutrons   59. (c) 12   60. (a)

61. (a)  62. (b) 63. (a)   64. (a)  65. (c)  66. (b)  67. (a)  68. (b)  69. (c)   70.(a)   71. (i) 31  (ii) 15   (iii) K L M
52, 8,

72. (a) K L M
72, 8,

  (b) 17  (c) Non-metal  (d) Anion (Negative ion) ; X–  (e)  Chlorine (Cl)  73. (a) 3  (b) 7  (c) K L
2, 1

(d) Metal ; Because it has 1 valence electron (1 outermost electron)  (e)  Cation (Positive ion) ; Because an
atom of E has 1 outermost electron  which it can lose easily to form a positively charged ion (having 1 unit
positive charge)  (f) E+  (g) Lithium (Li) 74. (a) Mass number    (b) Atomic number  (c) 4   (d) 5   (e)  4   (f) 2
(g) X2+ 75. (a) 18  (b) Non-metal (c) The atom of element Z will not form any ion because it has a completely
filled outermost shell (having 8 electrons) due to which it can neither lose electrons nor gain electrons to
form an ion (d) The outermost electron shell of the atom of this element is completely filled with electrons
(e) Argon, Ar  (f) Noble gases (or Inert gases)

VALENCE ELECTRONS (OR VALENCY ELECTRONS)

The outermost electron shell of an atom is known as valence shell. The electrons present in the outermost
shell of an atom are known as valence electrons (or valency electrons) because they decide the valency
(combining capacity) of the atom. Only the valence electrons of an atom take part in chemical reactions
because they have more energy than all the inner electrons of the atom. Let us take the example of sodium
atom to understand the meaning of valence electrons clearly.
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Figure 24. Sodium atom has one valence electron
(which has been marked 1 in the above figure).

The atomic number of sodium is 11, which means that one
sodium atom has 11 electrons in it. So, the electronic configuration

of sodium atom will be K L M
2, 8, 1

. In the sodium atom, M shell is

the outermost shell or valence shell (see Figure 24). There is 1
electron in the outermost shell of sodium atom, therefore, sodium
atom has 1 valence electron.

When a sodium atom combines with other atoms, only its
one valence electron (in the M shell) takes part in chemical
reactions. The electrons of two inner shells (K shell and L shell)
of the sodium atom never take part in chemical reactions.

We can now say that those electrons of an atom which take
part in chemical reactions are called valence electrons. Valence electrons are located in the outermost
shell of an atom. In a chemical reaction, valence electrons of an atom are either transferred to the valence
electrons of another atom, or shared with the valence electrons of another atom.

(i) The elements Hydrogen, Lithium, Sodium and Potassium have 1 valence electron each in their atoms.

(ii) The elements Helium, Beryllium, Magnesium and Calcium have 2 valence electrons each in their
atoms.

(iii) The elements Boron and Aluminium have 3 valence electrons each in their atoms.

(iv) The elements Carbon and Silicon have 4 valence electrons each in their atoms.

(v) The elements Nitrogen and Phosphorus have 5 valence electrons each in their atoms.

(vi) The elements Oxygen and Sulphur have 6 valence electrons each in their atoms.

(vii) The elements Fluorine and Chlorine have 7 valence electrons each in their atoms.

(viii) The elements Neon and Argon have 8 valence electrons each in their atoms.

In order to find out the number of valence electrons in an atom of the element, we should write
down the electronic configuration of the element by using its atomic number. The outermost shell will
be the valence shell and the number of electrons present in it will give us the number of valence electrons.
This point will become more clear from the following example.

Sample Problem. What is the number of valence electrons in the atom of an element X having atomic
number 17 ? Name the valence shell of this atom.

Solution. In order to find out the number of valence electrons, we should write down the electronic
configuration of element X. The atomic number of element X is 17, so one atom of X contains 17 electrons.
The electronic configuration will be :

K L M
72, 8,

Here M shell is the outermost shell or valence shell of the atom and it has 7 electrons in it. Thus, there
are 7 valence electrons in the atom of element X.

Before we can understand valency (or combining capacity) of elements, it is necessary to know why the
elements called noble gases (or inert gases) are chemically unreactive and why atoms of elements combine
with one another. This is discussed below.

Inertness of Noble Gases
There are some elements which do not combine with other elements. These elements are : Helium,

Neon, Argon, Krypton, Xenon and Radon. They are known as noble gases or inert gases because they do
not react with other elements to form compounds. We know that only the outermost electrons of an atom
take part in a chemical reaction. Since the noble gases are chemically unreactive, we must conclude that
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the electron arrangements in their atoms are very stable which do not allow the outermost electrons to
take part in chemical reactions. We will now write down the electronic configurations of the noble gases
to find out the exact reason for their inert nature.

Electronic Configurations of Noble Gases (or Inert Gases)

Number of electrons in
Noble gas Symbol Atomic Electronic configuration outermost shell
(Inert gas) number K L M N O P (Valence shell)

1. Helium He 2 2 2

2. Neon Ne 10 2, 8 8

3. Argon Ar 18 2, 8, 8 8

4. Krypton Kr 36 2, 8, 18, 8 8

5. Xenon Xe 54 2, 8, 18, 18, 8 8

6. Radon Rn 86 2, 8, 18, 32, 18, 8 8

If we look at the number of electrons in the outermost shells of the inert gases in the above table, we
find that only one inert gas helium has 2 electrons in its outermost shell, all other inert gases have 8 electrons
in the outermost shells of their atoms. We know that the outermost shell of an atom can accommodate a
maximum of 8 electrons (except when the outermost shell is K shell and it can hold only a maximum of 2
electrons). This means that all the noble gases have completely filled outermost shells. Since the atoms of
inert gases are very stable and have 8 electrons in their outermost shells, therefore, to have 8 electrons in
the outermost shell of an atom is considered to be the most stable arrangement of electrons. To have ‘8
electrons’ in the outermost shell of an atom is known as ‘octet’ of electrons. Most of the inert gases have
octet of electrons in their valence shells. From this discussion we conclude that the atoms having 8 electrons
(or octet of electrons) in their outermost shell are very stable and hence chemically unreactive.

Please note that  2 electrons in the outermost shell is considered to be a stable arrangement of electrons
only when the atom has just one shell, K shell, and there are no other electron shells in the atom. To
have ‘2 electrons’ in the outermost K shell is known as ‘duplet’ of electrons. Helium is the only inert gas
having a duplet of electrons in its outermost shell. It is very important to note here that though 8 electrons
in the outermost shell always impart stability to an atom, but 2 electrons in the outermost shell impart
stability only when the outermost shell is the first shell (K shell), and no other shells are present in the
atom.

Figure 25. Only one noble gas helium (He)
has 2 valence electrons (2 outermost
electrons). All other noble gases have 8
electrons each in their valence shells.

Figure 26. Neon is a noble gas. Neon gas is
used in advertising signs (called neon signs)
because it glows red when electricity is passed
through it.

Figure 27.  Argon is also a noble
gas. Argon gas is used to fill light
bulbs to prevent the tungsten
filament from reacting with
oxygen in air.
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It should be noted that noble gases are unreactive because they have very stable electron arrangements
with 8 (or 2) electrons in their outermost shells. In other words, the noble gas atoms have completely filled
outermost shells. It is not possible to remove electrons from the outermost shell of a noble gas atom or to
add electrons to the outermost shell of a noble gas atom. Due to this the outermost electrons of a noble gas
atom cannot take part in chemical reactions. Since the atoms of inert gases are very stable or unreactive
they can exist in the free state as individual atoms. So, the inert gases are monoatomic, that is, inert gases
exist as single atoms. Their atoms and molecules are just the same. For example, helium, neon, argon, etc.,
all exist in the form of monoatomic molecules He, Ne, Ar, etc.

Cause of Chemical Combination

Everything in this world wants to become more stable. For atoms, stability means having the electron
arrangement of an inert gas. The atoms combine with one another to achieve the inert gas electron
arrangement and become more stable. So, when atoms combine to form chemical compounds, they do so
in such a way that each atom gets 8 electrons in its outermost shell or 2 electrons in the outermost K shell.
In other words, the atoms having less than 8 electrons (or less than 2 electrons) in their outermost shell are
unstable. So, all the atoms have a tendency to achieve the inert gas electron arrangement of 8 electrons (or
2 electrons) in their outermost shells and become more stable.

An atom can achieve the inert gas (or noble gas) electron arrangement in three ways :
(i) by losing one or more electrons (to another atom)

 (ii) by gaining one or more electrons (from another atom)
(iii) by sharing one or more electrons (with another atom)

If an element has 1, 2 or 3 electrons in the outermost shell of its atom, then it loses these electrons to
achieve the inert gas electron arrangement of eight valence electrons and forms positively charged ion or
cation (It is not possible to add 7, 6 or 5 electrons to an atom due to energy considerations).

If an element has 5, 6 or 7 electrons in the outermost shell of its atom, then it gains (accepts) electrons
to achieve the stable, inert gas configuration of eight valence electrons, and forms negatively charged ion
called anion (It is not possible to remove 5, 6 or 7 electrons from an atom due to very high energy required).

If, however, an element has 4 electrons in the outermost shell of its atom, then it can neither lose 4
electrons nor gain 4 electrons due to energy considerations. An element having 4 electrons in the outermost
shell of its atom can achieve the inert gas electron arrangement of eight valence electrons only by sharing
its 4 outermost electrons with the 4 electrons of the other atoms.

VALENCY OF ELEMENTS
When atoms of one element combine with the atoms of another element to form a compound, they

do so in fixed numbers depending upon the capacities of the atoms to form bonds. The capacity of an
atom of an element to form chemical bonds is known as its valency. The valency of an element decides
the number of other atoms which can combine with one atom of that element. For example, the valency of
carbon is 4 and that of hydrogen is 1. So, one atom of carbon can combine with four atoms of hydrogen to
form a methane molecule, CH4. The valency of an element is also known as “valence” of the element,
‘‘combining capacity” of the element or “combining number” of the element. The valency of an element is
decided by the “number of valence electrons” in its atom. In other words, the valency of an element is
decided by the “number of outermost electrons” in its atom. This is discussed below.

Relation Between Valency and Valence Electrons

The valency of an element depends on the number of valence electrons (outermost electrons) in its
atom because only the valence electrons take part in chemical bonding. The valency of an element is
either equal to the number of valence electrons in its atom or equal to the number of electrons required
to complete eight electrons in the valence shell. For example, sodium has 1 valence electron and the
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valency of sodium is also 1. So, in the case of sodium, the valency is equal to the number of valence
electrons in its atom. In general, the valency of a metal element is equal to the number of valence electrons
in its atom. That is,

Valency of a metal = No. of valence electrons in its atom

Let us discuss the case of non-metals now. Chlorine has 7 valence electrons but its valency is not 7.
Chlorine atom requires 1 electron to complete the 8 electron structure, so the valency of chlorine is 1. Thus,
in the case of chlorine, valency is equal to the number of electrons required to complete 8 electrons in the
valence shell. In general, the valency of a non-metal element is usually equal to eight minus the number
of valence electrons in its atom. That is,

Valency of a non-metal = 8 – No. of valence electrons in its atom

There is one exception to this rule and that is the valency of hydrogen. The valency of hydrogen is
equal to the number of valence electrons, which is 1 (though hydrogen is a non-metal element).

Types of Valency

There are two types of valency : Electrovalency and Covalency. If an element combines by the loss or
gain of electrons to form electrovalent compounds (or ionic compounds), its valency is known as
electrovalency, and if an element combines by the sharing of electrons to form covalent compounds (or
molecular compounds), its valency is known as covalency. We will now discuss these two types of valency
in detail. Let us take the case of electrovalency first.

1. ELECTROVALENCY
In the formation of an electrovalent compound (or ionic compound), the number of electrons lost or

gained by one atom of an element to achieve the nearest inert gas electron configuration is known as its
electrovalency. The elements which lose electrons form positive ions, so they have positive electrovalency.
The elements which gain electrons form negative ions, so they have negative electrovalency. The following
examples will make it more clear.

(a) Valency of Sodium

The atomic number of sodium is 11, so its electronic configuration is 2, 8, 1. It has 1 electron in its
outermost shell. Sodium atom can lose this electron to form a sodium ion, Na+, having an inert gas electron
arrangement of 2, 8. Since a sodium atom loses 1 electron to achieve the inert gas electron configuration,
therefore, the valency of sodium is 1 (or 1+). The atomic number of potassium is 19 and its valency is also
1. Similarly, the atomic number of lithium is 3 and its valency is also 1. Explain these two cases yourself.

(b) Valency of Magnesium

The atomic number of magnesium is 12, and its electronic configuration is 2, 8, 2. It has 2 electrons in its
valence shell. The magnesium atom can lose these two outermost electrons to form a magnesium ion,
Mg2+, having an inert gas electron configuration of 2, 8. Since one magnesium atom loses 2 electrons to
achieve the inert gas electron configuration, therefore, the valency of magnesium is 2 (or 2+). The atomic
number of calcium is 20 and its valency is also 2. Similarly, the atomic number of beryllium (Be) is 4 and its
valency is also 2. Explain these two cases yourself.

(c) Valency of Aluminium

The atomic number of aluminium is 13, so its electronic configuration is 2, 8, 3. It has 3 electrons in its
outermost shell. The aluminium atom can lose these 3 electrons to form the aluminium ion, Al3+, having an
inert gas electron configuration of 2, 8. Since one atom of aluminium loses 3 electrons to achieve the inert
gas electron configuration, so the valency of aluminium is 3 (or 3+). The atomic number of boron (B) is 5
and its valency is also 3. Explain it yourself.
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(d) Valency of Chlorine

The atomic number of chlorine is 17, so its electronic configuration is 2, 8, 7. The chlorine atom has 7
electrons in its outermost shell and it needs 1 more electron to achieve the 8-electron configuration. So, the
chlorine atom gains (accepts) 1 electron to form a chloride ion, Cl–, having an inert gas electron arrangement
of 2, 8, 8. Since one chlorine atom gains 1 electron to achieve the inert gas electron configuration, so the
electrovalency of chlorine is 1 (or 1–). Fluorine has atomic number 9, and its electrovalency is also 1
(or 1–). Explain it yourself. The other halogens bromine and iodine also have 7 valence electrons each and
need 1 electron each to achieve the inert gas electron arrangements. So, bromine and iodine also have the
valency of 1 (or 1–).

(e) Valency of Oxygen

The atomic number of oxygen is 8, so its electronic configuration is 2, 6. The oxygen atom has 6 valence
electrons, so it needs 2 more electrons to complete the 8-electron structure. The oxygen atom gains (accepts)
2 electrons to form an oxide ion, O2–, having an inert gas electron arrangement of 2, 8. Since one atom of
oxygen requires 2 electrons to achieve the nearest inert gas electron arrangement, so the electrovalency
of oxygen is 2 (or 2–). The atomic number of sulphur is 16 and its valency is also 2. Explain it yourself.

(f) Valency of Nitrogen

The atomic number of nitrogen is 7, so its electronic configuration is 2, 5. Nitrogen atom has 5 electrons
in its outermost shell and it needs 3 more electrons to complete the 8-electron structure. Thus, the nitrogen
atom gains 3 electrons to form a nitride ion, N3–, having an inert gas electron configuration of 2, 8. Since
one nitrogen atom needs 3 electrons to achieve the nearest inert gas electron arrangement, so the
electrovalency of nitrogen is 3 (or 3 –). The atomic number of phosphorus is 15, and its valency is also 3.
Explain it yourself.

The atoms of inert gases like helium, neon, argon, etc., have completely filled outermost shells, so they
can neither lose electrons nor gain electrons. Due to this, inert gases have “zero valency” and are chemically
unreactive. We will discuss the covalency now.

2. COVALENCY
In the formation of a covalent compound (or molecular compound), the number of electrons shared by

one atom of an element to achieve the nearest inert gas electron configuration is known as its covalency.
If an atom shares 1 electron, its covalency will be 1, if it shares 2 electrons, then its valency will be 2, and so
on. This point will become more clear from the following examples.

(a) Covalency of Hydrogen

The atomic number of hydrogen is 1, so its electronic configuration is 1. A hydrogen atom has 1 electron
in its outermost shell, which is K shell, so it needs 1 more electron
to achieve the 2-electron inert gas electron arrangement of helium
and become stable. Hydrogen atom gets this electron by sharing.
Since one atom of hydrogen shares 1 electron to achieve the nearest
inert gas electron configuration, therefore, the covalency (or just
valency) of hydrogen is 1. For example, in the formation of a
hydrogen molecule H2, two hydrogen atoms share 1 electron with
each other to achieve the nearest inert gas electron arrangement, so
the valency of hydrogen in H2 molecule is 1. Please note that the
shared electrons are counted with both the combining atoms for the
purpose of determining their inert gas electron configuration.

Figure 28. Look at these girls ! They appear
to form a hydrogen molecule (H–H or H2).
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(b) Covalency of Chlorine
A chlorine atom has 7 electrons in its outermost shell, so it can share its 1 electron with one electron of

another atom to achieve the 8-electron inert gas electron arrangement. Since one chlorine atom shares 1
electron to achieve the nearest inert gas electron  arrangement, therefore, the covalency (or just valency)
of chlorine is 1. For example, in the formation of a chlorine molecule, Cl2, each chlorine atom shares its 1
electron with the other atom, so the valency of chlorine in Cl2 molecule is 1.

(c) Covalency of Oxygen

An oxygen atom has 6 valence electrons, so it can share its 2 electrons with two electrons of another
atom to achieve the 8-electron inert gas electron arrangement and become stable. Since one oxygen atom
shares 2 electrons to achieve the nearest inert gas electron arrangement, therefore, the covalency (or just
valency) of oxygen is 2. For example, in the formation of an oxygen molecule, O2, each oxygen atom shares
its 2 electrons with the other atom, so the valency of oxygen in the O2 molecule is 2.

(d) Covalency of Nitrogen

A nitrogen atom has 5 valence electrons, so it can share its 3 electrons with three electrons of another
atom to attain the 8-electron inert gas electron configuration. Since one nitrogen atom shares 3 electrons
to achieve the nearest inert gas electronic configuration, therefore, the covalency (or just valency) of
nitrogen is 3. For example, in the formation of a nitrogen molecule, N2, each nitrogen atom shares its 3
electrons with the other atom, so the valency of nitrogen in the N2 molecule is 3.

(e)  Covalency of Carbon

The atomic number of carbon is 6, so its electronic configuration is
2, 4. Thus, a carbon atom has 4 valence electrons and it requires 4 more
electrons to complete the ‘octet’. It gets these electrons by sharing. So, a
carbon atom shares its 4 electrons with the four electrons of other atoms
to attain the 8-electron inert gas electron arrangement. Since one carbon
atom shares its 4 electrons to attain the inert gas electron arrangement,
therefore, the covalency (or just valency) of carbon is 4. For example, in
the formation of a methane molecule, CH4, the carbon atom shares its 4
electrons with four electrons of four hydrogen atoms, so the valency of
carbon in CH4 molecule is 4. The atomic number of silicon is 14 and its
valency is also 4. Explain it yourself.

The elements like fluorine, chlorine, bromine, iodine, oxygen, and
sulphur, etc., form electrovalent compounds as well as covalent compounds, so they show
electrovalency as well as covalency. Please note that the electrovalency and covalency of
an element are numerically the same. So, we usually talk of just valency and not
electrovalency or covalency. Let us now solve some problems based on valency.

Sample Problem 1. What valency will be shown by an element having atomic number 12 ?
Solution. To find out the valency of the element, we will have to write down its electronic

configuration. Now, the atomic number of this element is 12, so its electronic configuration will be K L M
2, 8, 2

.

It has 2 electrons in its outermost shell (M shell). So, one atom of this element can lose 2 electrons to
achieve the nearest inert gas electron arrangement of 2, 8. Since one atom of the element loses 2 electrons to
achieve the inert gas electron configuration, so its valency is 2. It is divalent. (The element having atomic
number 12 is actually magnesium).

Sample Problem 2. What valency will be shown by an element having atomic number 15 ?

Solution. The atomic number of this element is 15, so its electronic configuration will be K L M
2, 8, 5

. It has

5 electrons in its outermost shell, so it needs 3 more electrons to complete the eight electron, inert gas

Figure 29. Model of methane
molecule (CH4).
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configuration. Since one atom of this element needs 3 electrons to achieve the inert gas electron configuration,
therefore, its valency is 3. (The element having atomic number 15 is actually phosphorus).

Sample Problem 3. If Z = 3, what would be the valency of the element ? Also name the element.
       (NCERT Book Question)

Solution. The symbol Z stands for the atomic number of an element. By saying that Z = 3, we mean
that the atomic number of this element is 3. The electronic configuration of the element having atomic

number 3 is K L.
2, 1

It has 1 electron in its outermost shell (L shell). So, one atom of this element can lose 1

electron to achieve the nearest inert gas electron arrangement of K
2

 (which is the same as that of helium

gas). Since one atom of this element loses 1 electron to achieve the inert gas electron configuration, therefore,
its valency is 1. The element having atomic number 3 is lithium.

Sample Problem 4. The number of valence electrons in a chloride ion, Cl–, are :
(a) 16 (b) 8 (c)  17 (d)  18

Choose the correct answer. (NCERT Book Question)
Solution. A chlorine atom (Cl) has 7 valence electrons. A chloride ion is formed by the addition of 1

more electron to a chlorine atom. So, the number of valence electrons in a chloride ion (Cl–) will be 7 + 1 = 8.

 ISOTOPES
In nature, most of the elements have a number of atoms which have the ‘same atomic number’ but

‘different mass numbers’. Such atoms of an element are called ‘isotopes’. Thus :  Isotopes are atoms of the
same element having the same atomic number but different mass numbers. Isotopes of an element have
the same atomic number because they contain the same number of protons (and electrons). Isotopes of an
element have different mass numbers because they contain different number of neutrons. It is clear that the
isotopes of an element differ in the number of neutrons in their nuclei. Let us take an example to
understand the meaning of isotopes more clearly.

All the chlorine atoms contain 17 protons, so the atomic number of all the chlorine atoms is 17. Now,
some chlorine atoms have 18 neutrons whereas other chlorine atoms contain 20 neutrons. Chlorine atoms
can, therefore, have mass numbers of 17 + 18 = 35 or 17 + 20 = 37. Thus, chlorine has two isotopes of mass
numbers 35 and 37 respectively. The two isotopes of chlorine can be written as :

35
17Cl  and  37

17Cl
Both of these chlorine isotopes have the same atomic number of 17 but different mass numbers of 35

and 37 respectively. The complete composition of the two isotopes of chlorine is given below :
Isotope Protons Neutrons Electrons

35
17Cl 17 18 17
37
17Cl 17 20 17

The diagrams of the two isotopes of chlorine are given below :
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Figure 30. Diagrams of the two isotopes of chlorine.



STRUCTURE OF ATOM 203

It should be noted that the mass number of an atom is equal to its atomic mass. So, we can also use the
term ‘‘atomic mass’’ in place of “mass number” in the definition of isotopes and say that : isotopes are
atoms of the same element having the same atomic
number but different atomic masses. Please note that
the difference in the masses of isotopes of an element
is due to the different number of neutrons in their
nuclei. For example, the two isotopes of chlorine
contain different number of 18 and 20 neutrons, and
hence they have different atomic masses of 35 u and
37 u respectively. It should be clear by now that
whether we use the term “mass number” or “atomic
mass” in the definition of isotopes, it means the same
thing. Another point to be noted is that if they ask the
nuclear composition of isotopes in the examination,
then we should give the number of protons and
neutrons present in the nucleus of each isotope. For
example,

(i)  Nuclear composition of 35
17Cl  isotope = 17 protons + 18 neutrons

(ii)  Nuclear composition of 37
17Cl  isotope = 17 protons + 20 neutrons

Please note that the isotopes of an element can also be represented by writing their mass numbers with
the name of the element or symbol of the element. For example :

(i) The isotope of chlorine having mass number 35 can also be represented as chlorine-35 (or just
Cl-35), and

(ii) The isotope of chlorine having mass number 37 can also be represented as chlorine-37 (or just
Cl-37).

We will now give some more examples of isotopes of the various elements such as hydrogen, carbon,
oxygen and neon.

1. Isotopes of Hydrogen. The hydrogen element has three isotopes having the same atomic number of
1 but different mass numbers of 1, 2 and 3 respectively. The three isotopes of hydrogen can be represented
as :

1
1H ,     2

1 H     and    3
1H

The three isotopes of hydrogen, 1
1H , 2

1 H  and 3
1H  have been given the special names of protium, deuterium

and tritium respectively.
(i) Protium is the ordinary hydrogen isotope of mass number 1. Protium is represented as 1

1H .  Protium
does not have a special symbol.

(ii) Deuterium is the heavy hydrogen isotope of mass number 2. Deuterium is represented as 2
1 H . The

special symbol of deuterium is D.

(iii) Tritium is the very heavy hydrogen isotope of mass number 3. Tritium is represented as 3
1H . The

special symbol of tritium is T.
 Thus, we can now say that hydrogen element has three isotopes : protium, deuterium and tritium,

having the same atomic number of 1 but different mass numbers of 1, 2 and 3 respectively.

The complete composition of the three isotopes of hydrogen is given below :

Name Isotope Protons Neutrons Electrons

Protium 1
1H 1 0 1

Deuterium 2
1 H 1 1 1

Tritium 3
1H 1 2 1

(a) 35
17 Cl  contains 17

protons and 18 neutrons
(b) 37

17 Cl  contains 17
protons and 20 neutrons

Figure 31. Nuclear composition of the two isotopes of
chlorine (The blue balls represent protons whereas yellow
balls represent neutrons).
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It is clear from the above table that all the isotopes of hydrogen contain 1 proton and 1 electron each
but they contain 0, 1 and 2 neutrons respectively. Please note that the ordinary hydrogen isotope (protium)
does not contain any neutron ; the heavy hydrogen isotope (deuterium) contains 1 neutron ; whereas the
very heavy hydrogen isotope (tritium) contains 2 neutrons.

The diagrams of the three isotopes of hydrogen are given below :
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Figure 32. Diagrams to show the three isotopes of hydrogen.

2. Isotopes of Carbon. The carbon element has three isotopes having the same atomic number of 6 but
different mass numbers of 12, 13 and 14. The three isotopes of carbon can be written as :

12
6 C , 13

6C   and 14
6 C

These three isotopes of carbon contain 6 protons and 6 electrons each but they contain an unequal
number of neutrons. The C-12 isotope contains 12 – 6 = 6 neutrons, C-13 isotope contains 13 – 6 = 7 neutrons
whereas the C-14 isotope contains 14 – 6 = 8 neutrons.

3. Isotopes of Oxygen. The oxygen element has three isotopes :
16
8 O , 17

8 O and     18
8 O

All the isotopes of oxygen have the same atomic number of 8 but they have different mass numbers (or
atomic masses) of 16, 17 and 18 respectively.

4. Isotopes of Neon. The neon element has also three isotopes which can be written as :
20
10 Ne , 21

10Ne and 22
10 Ne

It is obvious from the above symbols that all the isotopes of neon have the same atomic number of 10
but they have different mass numbers (or atomic masses) of 20, 21 and 22 respectively. We will now discuss
why all the isotopes of an element have identical chemical properties.

All the Isotopes of an Element Have Identical Chemical Properties

The chemical properties of an atom of the element depend on the number of protons and electrons, not
on the number of neutrons. Since all the isotopes of an element contain the same number of protons and
electrons, therefore, the chemical properties of all the isotopes of an element are identical (or same). We
can explain the identical chemical properties of all the isotopes of an element on the basis of their
electronic configurations as follows.

All the isotopes of an element contain the same number of electrons because of which they have identical
electronic configurations having the same number of valence electrons. Since all the isotopes of an element
have identical electronic configurations containing the same number of valence electrons, therefore, all
the isotopes of an element show identical chemical properties. For example, the two isotopes of chlorine,
35
17Cl  and 37

17 Cl , both have the same number of 17 electrons in them due to which both of them have the
same electronic configuration of 2, 8, 7. Since both the isotopes of chlorine, Cl-35 and Cl-37, have identical
electronic configurations (having the same number of 7 valence electrons), they show identical chemical
properties.
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The Physical Properties of the Isotopes of an Element are Different
The physical properties of an element depend on the mass of the atoms. Now, due to the presence of

different number of neutrons, the masses of all the isotopes of an element are slightly different. Since the
masses of the isotopes of an element are slightly different, therefore, the physical properties of the
isotopes of an element are slightly different.  Thus, the various isotopes of an element can have slightly
different physical properties such as densities, melting points and boiling points, etc. (because all these
physical properties depend on the masses of the isotopes). For example, the two isotopes of chlorine,  35

17 Cl
and 37

17 Cl , have slightly different physical properties because they have slightly different atomic masses of
35 u and 37 u, respectively.

Reason for the Fractional Atomic Masses of Elements

The atomic masses of many elements are in fractions and not whole
numbers. For example, the atomic mass of chlorine is 35.5 u whereas that of
copper is 63.5 u. The fractional atomic masses of elements are due to the
existence of their isotopes having different masses. Most of the elements
have more than one natural isotope having different masses. Since the atomic
mass of an element is the average relative mass of all the natural isotopes of
that element, most elements have fractional atomic masses. For example,
chlorine has two isotopes 35

17Cl  and 37
17Cl  with abundance of 75% and 25%

respectively. In other words, natural chlorine consists of two types of atoms,
one having a mass of 35 u and the other having a mass of 37 u in the
proportion of 75% and 25% respectively. Thus, the average mass of a chlorine
atom will be 75% of 35 and 25% of 37, which is 35.5 u. This gives us the
atomic mass of chlorine as 35.5 u. The calculation of average atomic mass of
chlorine will become more clear from the following discussion.

(i) The chlorine isotope 35
17Cl  has a mass of 35 u and its abundance (or

proportion) in nature is 75%.

(ii) The chlorine isotope 37
17Cl has a mass of 37 u and its abundance (or

proportion) in nature is 25%.

This means that the isotope of mass 35 u will contribute 75 per cent to the average atomic mass of
chlorine whereas the isotope of mass 37 u will contribute 25 per cent to the average atomic mass of chlorine.
So,

  Average atomic mass of chlorine = 
75 25

35× + 37 ×
100 100

= 
2625 925+
100 100

= 26.25 + 9.25

= 35.5 u

Thus, the average atomic mass of chlorine is 35.5 u.

All the naturally occurring isotopes of an element are present in a fixed proportion, so the average
atomic mass of an element is fixed (or constant).

We will now solve some problems based on isotopes. In order to find out whether two (or more) atoms
are isotopes of the same element or not, we should look at the number of protons and neutrons in them. If
they contain the same number of protons but different number of neutrons, they will be isotopes of the
same element. The number of electrons in them will also be the same. This point will be helpful in solving
the following problems.

Figure 33. This flask contains
chlorine. Chlorine consists of two
types of atoms, one having a mass
of 35 u and the other having a
mass of 37 u in the proportion of
75 per cent and 25 per cent
respectively.
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Sample Problem 1. The number of protons, neutrons and electrons in species A to E are given in the
following table :

Species Protons Neutrons Electrons
A 6 6 4
B 18 22 18
C 17 20 17
D 9 10 11

E 17 18 17

Indicate from the above table the species that represent a pair of isotopes.

Solution. Those species which contain the same number of protons but different number of neutrons
will be a pair of isotopes. In the above table only two species C and E have the same number of protons (17
each) but different number of neutrons (20 and 18 respectively). Thus, C and E are a pair of isotopes.
(Please note that the atomic number 17 is of chlorine, so C and E are actually the two isotopes of chlorine).

Sample Problem 2. Composition of the nuclei of two atomic species X and Y is given as under :
X Y

Protons  : 6 6

Neutrons : 6 8

Give the mass numbers of X and Y. What is the relation between the two species and which element or
elements they represent ? (NCERT Book Question)

Solution. We know that :
Mass number = No. of protons + No. of neutrons

So, Mass number of X = 6 + 6
= 12

Mass number of Y = 6 + 8
= 14

Thus, the mass number of X is 12 and that of Y is 14.

Now, X contains 6 protons, therefore, the atomic number of X is 6. Y contains 6 protons, therefore, the
atomic number of Y is also 6. Since X and Y have the same atomic number (of 6) but different mass numbers
(of 12 and 14), they are a pair of isotopes. Atomic number 6 is of carbon element. So, both X and Y represent
carbon element.

Sample Problem 3. Bromine occurs in nature mainly in the form of two isotopes 79
35 Br  and 81

35 Br.  If the

abundance of 79
35 Br  isotope is 49.7% and that of 81

35 Br isotope is 50.3%, calculate the average atomic mass of
bromine.  (NCERT Book Question)

Solution. We know that upper digit in the symbol of an isotope represents its mass (which is the same
as its mass number). Now :

(i)  The mass of 79
35 Br isotope is 79 u and its abundance is 49.7%.

(ii) The mass of 81
35 Br  isotope is 81 u and its abundance is 50.3%.

So, Average atomic mass of bromine =
49.7 50.3

79 × + 81 ×
100 100

=
3926.3 4074.3+

100 100
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= 39.263 + 40.743
= 80.006

= 80 u

Thus, the average atomic mass of bromine is 80 u.

Sample Problem 4. A sample of an element X contains two isotopes 16
8 X  and 18

8 X . If the average atomic
mass of this sample of the element be 16.2 u, calculate the percentage of the two isotopes in this sample.

(NCERT Book Question)

Solution. In order to solve this problem, we will have to suppose that the percentage of one of the
isotopes in the sample is x, so that the percentage of the other isotope in the sample will be (100 – x). Now :

(i) The mass of 16
8 X  isotope is 16 u. Suppose its percentage in the sample is x %.

(ii) The mass of 18
8 X  isotope is 18 u. Its percentage in the sample will be (100 – x) %.

So, Average atomic mass of X = 16×
100

x
 + 

(100- )
18 ×

100
x

But the average atomic mass of X has been given to be 16.2 u. Therefore,

16.2 = 16×
100

x
 + 

(100- )
18 ×

100
x

or 16.2 = 
16 + 1800 – 18

100
x x

or 16.2 × 100 = 1800 – 2x

or 2x = 1800 – 1620

or 2x = 180

And x = 
180

2
or  x = 90

Thus, the percentage of the isotope 16
8 X  in the sample is 90%. The percentage of the other isotope 18

8 X  in
the sample will be 100 – 90 = 10%.

RADIOACTIVE ISOTOPES
There are two types of isotopes : those which are stable and those which are unstable. The isotopes

which are unstable (due to the presence of extra neutrons in their nuclei) and emit various types of
radiations, are called radioactive isotopes (or just radioisotopes). The radiations (such as alpha particles,
beta particles and gamma rays) are emitted by the unstable nuclei of the radioactive isotopes. Some of the
common radioactive isotopes are : Carbon-14, Arsenic-74, Sodium-24, Iodine-131, Cobalt-60 and Uranium-
235. The high energy radiations emitted by radioactive isotopes are harmful to human beings. So,
radioactive isotopes have to be used very, very carefully by taking suitable precautions and at proper
concentrations to avoid damage.

Applications of Radioactive Isotopes
Radioactive isotopes are widely used in medicine to diagnose, study and treat various ailments. They

are also used in power plants and in industry. Some of the important applications (or uses) of radioactive
isotopes are given below.

1. Radioactive isotopes are used as a fuel in nuclear reactors of nuclear power plants for generating
electricity.

Uranium-235 isotope is used as a fuel in the reactors of nuclear power plants for generating electricity.
This is done as follows : When uranium-235 atoms are bombarded with slow moving neutrons, the heavy
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uranium nuclei break up to form two smaller nuclei and a tremendous amount of heat energy is produced.
This heat energy is used to boil water in big boilers to form steam. The high pressure steam turns the

turbines. The turbines run the generators to produce electricity. The process in which big uranium-235
nuclei are broken into smaller nuclei to obtain energy is called nuclear fission.The radioactive isotopes
such as uranium-235 and plutonium-239 are also used for making atom bombs (or nuclear bombs).

2. Radioactive isotopes are used as ‘tracers’ in medicine to detect the presence of tumors and blood
clots, etc., in the human body.

A small amount of the low activity radioactive compound (called tracer) is either injected into the body
of a person or given orally. This radioactive compound moves through the body and accumulates in the
area of tumor, blood clot, etc. The exact position of the accumulated radioactive tracer can be found with
the help of a device called Geiger counter. This gives the exact position of the tumor or blood clot and is of
great help to the doctors for deciding further treatment. Arsenic-74 tracer is used to detect the presence of
tumors and sodium-24 tracer is used to detect the presence of blood clots.

3. Radioactive isotopes are used in the treatment of cancer.

Cobalt-60  radioisotope is used to cure cancer. When the high energy gamma radiations emitted by
cobalt-60 radioisotopes are directed at the cancerous tumor in the human body, the cancerous cells get

(a) Uranium-235 (b) A nuclear power plant
Figure 34. Radioactive isotopes (such as uranium-235) are used as a fuel in the nuclear power plants for

generating electricity.

(a) This is cobalt-60 radioisotope. It
produces high energy gamma rays

(b) A carefully controlled beam of gamma rays is used
to kill cancer cells in the human body. It is called

radiotherapy
Figure 35. Radioactive isotopes are used in the treatment of cancer.
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burnt. The treatment of cancer by using radioactive radiations is called radiotherapy.
4. Radioactive isotopes are used to determine the activity of thyroid gland which helps in the treatment

of diseases like goitre.

Doctors use iodine-131 radioisotope as a tracer to find
how and at what rate the thyroid gland in our body takes
up iodine (which is essential for making thyroxine
hormone). This helps in the treatment of diseases like
goitre.

5. Radioactive isotopes are used in industry to detect
the leakage in underground oil pipelines, gas pipelines
and water pipes.

To check the leakage in a metal pipeline, a solution of
the radioactive substance is introduced in the pipeline. At
the place of crack in the pipeline, the radioactive solution
will leak out, and the radioactive detector (called Geiger
counter) will indicate a higher level of radiations.

ISOBARS
We have just studied isotopes which are atoms of the same element having the same atomic number

but different mass numbers. It is, however, also possible that in some cases, the atoms of different elements
having different atomic numbers may have the same mass number. Such atoms are called isobars. We can
now say that : Isobars are the atoms of different elements having different atomic numbers but the same
mass number (or same atomic mass). Isobars have different number of protons in their nuclei but the total
number of nucleons (protons + neutrons) in them is the same. An example of isobars is argon, 40

18 Ar , and
calcium, 40

20 Ca.  This is because argon and calcium are atoms of different elements having different atomic
numbers of 18 and 20 respectively but the same mass number of 40. The complete nuclear composition of
the isobars 40

18 Ar  and 40
20 Ca  is given below :

Isobar Protons Neutrons Mass number
40
18 Ar 18 22 18 + 22 = 40
40
20Ca 20 20 20 + 20 = 40

Here is another example of isobars. The radioactive sodium, 24
11 Na , and magnesium 24

12 Mg , are isobars.
This is because radioactive sodium and magnesium are different elements having different  atomic numbers
of 11 and 12 respectively but the same mass number of 24.

In order to find out isobars from among a number of given species, we should look at their atomic
numbers and mass numbers. The atomic species having different atomic numbers but same mass number
will be isobars. We will now solve some problems based on isobars.

Sample Problem 1. Which two of the following atomic species are isotopes of each other and which
two are isobars ?

231
90 Z ,     230

91 Z ,    230
88 Z ,    233

90 Z

Solution (a). The isotopes of an element have the same atomic number but different mass numbers. The
lower figures in the above given symbols indicate the atomic numbers. Now, in this case there are two
atoms having the same atomic number of 90. So, the two isotopes will be :

231
90 Z     and     233

90 Z

(b) The isobars have different atomic numbers but same mass numbers. The upper figures in the given

Figure 36. Radioactive isotopes being used for
detecting leakage in underground pipeline carrying
oil or gas. This prevents digging up of the whole
pipeline to plug the leakage.
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symbols indicate the mass numbers. In this case there are two atoms having the same mass number of 230.
So, the two isobars will be :

230
91 Z     and     230

88 Z
Sample Problem 2. Write the electronic configurations of any one pair of (a) isotopes, and (b) isobars.

       (NCERT Book Question)

Solution. (a) A pair of isotopes of chlorine is 35
17 Cl  and 37

17 Cl . The atomic number of both the isotopes is
the same, 17. So, the electronic configuration of both these isotopes will be 2, 8, 7.

(b) A pair of isobars is 40
18 Ar  and 40

20 Ca . The atomic number of argon (Ar) is 18, so its electronic
configuration will be 2, 8, 8. The atomic number of calcium (Ca) is 20, so its electronic configuration will be
2, 8, 8, 2.

We are now in a position to answer the following questions :

  Very Short Answer Type Questions
1. The total number of electrons in a nitrogen atom is 7. Find the number of valence electrons in it.
2. What is the general name of the elements having 8 electrons in the valence shell of their atoms ?
3. Which noble gas has less than 8 electrons in the valence shell of its atom ? What is this number ?
4. State one use of radioactive isotopes in medicine.
5. Give one example of a radioactive isotope which is used as a fuel in the reactors of nuclear power plants.
6. Name the radioactive isotope which is used in the treatment of cancer.
7. Which radioactive isotope is used to determine the activity of thyroid gland ?
8. State one use of radioactive isotopes in industry.
9. State whether the following statement is true or false :

Radioactive isotope of iodine is used for making the medicine called tincture iodine.
10. What name is given to those atoms which contain the same number of protons and electrons but different

number of neutrons ?
11. What is the relationship between an atom containing 11 protons, 11 electrons and 11 neutrons, and another

atom containing 11 protons, 11 electrons and 12 neutrons ?

12. What name is given to the pair of atoms such as 14
7N  and 15

7N  ?
13. What name is given to those isotopes which have unstable nuclei and emit various types of radiations ?
14. Fill in the following blanks in respect of an atom of an element :

Number of Number of Mass Atomic Number of

protons neutrons number number electrons Valency

11 12 ........ ........ ........ ........

15. Complete the following statements :
(a) Magnesium has 2 valence electrons in the .......... shell.
(b) The valency of nitrogen in N2 molecule is .......... .

 (c) Isotopes have different mass numbers because their nuclei contain different number
of .............

(d) Some boron atoms have mass number 10 and some have mass number 11. These boron atoms with
different mass numbers are called ..........

  Short Answer Type Questions

16. The nucleus of an atom has 5 protons and 6 neutrons. What would be the (a) atomic number, (b) mass
number, (c) the number of electrons, and (d) the number of valence electrons, per atom of this element ?

17. Write the electronic configuration of the element with atomic number 17. Indicate the valency of the element.
18. The atomic number of an element X is 16.

(a) Write down the electronic configuration of X.
(b) What will be the valency of X ?
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19. What valencies will be shown by the elements A, B, C, D and E having atomic numbers 2, 4, 8, 10, and 13
respectively.

20. Give one use each of the following radioactive isotopes :
(a) Uranium-235  (b) Cobalt-60

21. Explain why 3
1H and 3

2He  are not considered isotopes.
22. What is the reason for the different atomic masses of the isotopes of an element ?
23. What is the reason for the identical chemical properties of all the isotopes of an element ? Explain with the

help of an example.
24. What is the reason for the slightly different physical properties of all the isotopes of an element ?
25. Explain why, the atomic masses of many elements are in fractions and not whole numbers.
26. Which of the following are isotopes and which are isobars ?

Argon, Deuterium, Calcium, Tritium, Protium
27. Hydrogen has three isotopes written as :

1 2 3
1 1 1H, H , H

Explain why :
 (i) these isotopes have almost identical chemical properties.
(ii) they are electrically neutral.

28. Given that the percentage abundance of the isotope 20
10 Ne  is 90% and that of the isotope 22

10 Ne  is 10%,
calculate the average atomic mass of neon.

29. What are isobars ? Explain with an example.
30. For the symbols H, D and T, write the subatomic particles (protons, neutrons and electrons) found in each

one of them.
31. An element has Z = 7. What is the valency of the element ? Also name the element.

  Long Answer Type Questions
32. (a) What are valence electrons ? Where are valence electrons situated in an atom ?

(b) What is the number of valence electrons in the atoms of an element having atomic number 13 ? Name the
valence shell of this atom.

33. (a) What are isotopes ? Explain by giving an example.
(b) Give one similarity and one difference between a pair of isotopes.
(c) Give the number of protons, neutrons and electrons per atom in the two isotopes of chlorine 35

17Cl  and
37
17Cl .

34. (a) What are radioactive isotopes ? Give two examples of radioactive isotopes.
(b) Give any two uses of radioactive isotopes.
(c) An element Z contains two naturally occurring isotopes 35

17 Z  and 37
17 Z . If the average atomic mass of this

element be 35.5 u, calculate the percentage of two isotopes.
35. (a) Define valency of an element. What valency will be shown by an element having atomic number 14 ?

(b) What is the relation between the valency of an element and the number of valence electrons in its atoms ?
Explain with examples.

 Multiple Choice Questions (MCQs)

36. The mass number of two atoms X and Y is the same (40 each) but their atomic numbers are different (being
20 and 18 respectively). X and Y are examples of :
(a) chemically similar atoms (b) isotopes
(c)  solid and liquid metals (d) isobars

37. Which of the following statement is correct about the atom of an element ?
(a) an atom can have only protons and neutrons but no electrons.
(b) an atom can have only electrons and neutrons but no protons
(c) an atom can have only electron and proton but no neutron
(d) an atom must always have a proton, neutron and electron
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38. There are two species represented as 35Cl and 37Cl. Which of the following statement is correct regarding
these species ?
(a) they have different chemical properties (b) their physical properties are the same
(c) they have the same number of protons (d) they are isobars of the same element

39. The radioactive isotope used in the treatment of cancer is :
(a) plutonium-239 (b) arsenic-74 (c) cobalt-60 (d) iodine-131

40. Elements having valency ‘one’ are :
(a)  always metals (b) always non-metals
(c)  always metalloids (d) either metals or non-metals

41. In a sample of ethyl ethanoate (CH3COOC2H5), the two oxygen atoms have the same number of electrons
but different number of neutrons. Which of the following is the correct reason for it ?
(a) one of the oxygen atoms has gained electrons (b) one of the oxygen atoms has gained protons
(c)  the two oxygen atoms are isotopes (d) the two oxygen atoms are isobars

42. Which of the following elements does not exhibit electrovalency ?
(a) calcium (b) chromium (c) carbon (d) cadmium

43. The number of valence electrons in a graphite atom is :
(a) 2 (b) 4 (c) 3 (d) 5

44. The atomic numbers of four elements A, B, C and D are 12, 13, 15 and 3 respectively. The element which
cannot form a cation is :
(a) A (b) B (c) C (d) D

45. The number of valence electrons in a sulphide ion, S2–, is :
(a)  16 (b) 10 (c) 9 (d) 8

46. For an element, Z = 9. The valency of this element will be :
(a) 4 (b) 2 (c) 1 (d) 3

47. Four elements W, X, Y and Z contain 8, 11, 9 and 17 protons per atom respectively. The element which
cannot form an anion is most likely to be :
(a) W (b) X (c) Y (d) Z

48. The four atomic species can be represented as follows. Out of these, the two species which can be termed
isobars are :

(i) 201
60 X (ii) 200

61 X (iii)  200
58 X (iv)  203

60 X
(a) (i) and (ii) (b) (ii) and (iii) (c) (i) and (iii) (d) (i) and (iv)

49. There are four elements P, Q, R and S having atomic numbers of 4, 18, 10 and 16 respectively. The element
which can exhibit covalency as well as electrovalency will be :
(a) P (b) Q (c) R (d) S

50. The atomic number of an element X is 8 and that of element Y is 4. Both these elements can exhibit a valency
of :
(a) 1 (b) 2 (c) 3 (d) 4

51. The isotopes of an element contain :
(a)  same number of neutrons but different number of protons
(b)  same number of neutrons but different number of electrons
(c)  different number of protons as well as different number of neutrons
(d)  different number of neutrons but same number of protons

 Questions Based on High Order Thinking Skills (HOTS)
52. What is the number of valence electrons in :

(a) sodium ion, Na+        (b) oxide ion, O2–

53. Atom A has a mass number 209 and atomic number 82.
Atom B has a mass number 209 and atomic number 83.
(i) How many protons atom A has ?

(ii) How many protons atom B has ?
(iii) Are atoms A and B isotopes of the same element ?
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54. Which of the following pairs are isotopes ? Give reasons for your choice :
(i) 58

26 A ,  58
28 B or (ii) 79

35 X ,  80
35 Y

55. Three different atoms of oxygen are represented as :
16
8 O , 17

8O  and  18
8O

(i) What do the subscripts (lower figures) and superscripts (upper figures) represent ?
(ii) What factor is responsible for the change in the superscripts 16, 17 and 18, though the element is the

same ?
(iii) What is the usual name for such atoms of an element ?
(iv) Give the nuclear composition of 18

8 O
56. The atomic species A and B have different number of protons but the same number of nucleons. On the

other hand, the atomic species X and Y have the same number of protons but different number of nucleons.
Which pair is an example of isobars ? Why ?

57. Composition of the nuclei of two atomic species A and B is given as under :
A B

Protons : 18 20
Neutrons : 22 20

Give the mass numbers of A and B. What is the relation between the two species and which element or
elements they represent ?

58. Which of the following pairs are isobars ?
(i) 58

26 A ,  58
28 B (ii) 79

35 X ,  80
35 Y

 Give reasons for your choice.
59. The number of protons, neutrons and electrons in particles A to E are given below :

Particle Protons Neutrons Electrons

A 17 18 17
B 3 4 2
C 18 22 18
D 17 20 17
E 9 10 10

Giving reasons, find a pair of isotopes from the above particles.
60. The composition of two atomic particles is given below :

X Y
Protons : 8 8
Neutrons : 8 9
Electrons : 8 8

(i) What is the mass number of X ?
(ii) What is the mass number of Y ?

(iii) What is the relation between X and Y ?
(iv) Which element/elements do they represent ?

ANSWERS

1.  5 2. Noble gases 3.  Helium ; 2   9. False 10. Isotopes 11.  Isotopes  12. Isotopes 13. Radioactive
isotopes 14.  23 ; 11 ; 11; 1   15.  (a) M  (b) 3  (c) neutrons  (d) isotopes 16. (a) 5   (b) 11   (c) 5   (d) 3
18. (a) 2, 8, 6 (b) 2 19. A = 0; B = 2 ; C = 2 ; D = 0 ; E = 3    26.  Isotopes : Deuterium , Tritium and Protium ;
Isobars : Argon and Calcium   28.  20.2 u 31. 3 ; Nitrogen  32.  (b) 3 ; M shell 34. (c) 75% ; 25%
35. (a) 4 36. (d) 37. (c) 38. (c)   39. (c)    40. (d)   41. (c)   42.(c)  43 (b)   44. (c)      45. (d)   46.(c)   47. (b)

48. (b)   49. (d) 3  50. (b) 51. (d) 52. (a) 8  (b) 8  53. (i) 82  (ii)  83 (iii)  No  54. 79 80
35 35X . Y ;  Same atomic

number of 35   55. (i)  Atomic number ; Mass number (ii) No. of neutrons (iii) Isotopes (iv) Protons 8 ;
Neutrons 10   56. A and B ; Due to different number of protons, they have different atomic numbers and due
to same number of nucleons, they have the same mass number     57. Mass number of A = 40 ; B = 40 ;

Isobars : A is Argon, B is Calcium   58. 58 58
26 28A, B   59. A and D ; Same number of protons but different

number of neutrons       60. (i) 16  (ii) 17   (iii) Isotopes  (iv) Oxygen



Multiple Choice Questions (MCQs)
(Based on Practical Skills in Science)

1. Four students, (A), (B), (C) and (D) observed the colour and solubility of iron, sulphur and iron sulphide in
carbon disulphide. The tick mark ( )  represents ‘soluble’, and cross mark (×) represents ‘insoluble’, in
carbon disulphide. Their observations are tabulated below.

Student Colour Solubility in carbon disulphide

Fe S FeS Fe S FeS

(A) Yellow Silvery Greyish silver ( ) ( × ) ( )

(B) Silvery Orange Reddish brown ( × ) ( ) ( )

(C) Grey Yellow Greyish black ( × ) ( ) ( × )

(D) Silvery White Silvery white ( ) ( × ) ( × )

The student, who correctly reported the observations, is student :
(1) (A) (2) (B) (3) (C) (4) (D)

2. The white of an egg, common salt, sugar and fine sand are added to water separately in beakers as shown
below. The mixture is stirred well. A suspension will be formed in the beaker :

                    

(1) I (2) II (3) III (4) IV

3. The correct procedure of heating iron-sulphur mixture to prepare iron sulphide is :
(1) heat the powder mixture at the base of the test tube using a blue flame throughout.
(2) heat the iron filings and sulphur mixture in the middle of the test tube using yellow flame throughout.
(3) heat the powder mixture at the top of the test tube using an orange flame throughout.
(4) heat the iron filings-sulphur mixture at 3/4 quarters of the test tube using a red flame throughout.

4. A student while heating solid lead nitrate taken in a test tube would observe :
(1) white residue of PbO2 (2) green residue of NO2

(3) yellow residue of PbO (4) brown residue of NO

5. The following precautions were listed for the experiment on determination of melting point of ice. The
incorrect precaution is :

(1) The bulb of the thermometer should be kept surrounded with crushed ice.
(2) Ice should be stirred regularly to keep a uniform temperature throughout.
(3) The final temperature should be noted by keeping the eyes in line with the level of mercury.
(4) Only the tip of the bulb of the thermometer should just touch the crushed ice.

6. The correct procedure for preparing a colloidal solution of egg albumin in water is :
(1) to break the egg shell, take only the white portion and to add it to water with constant stirring.
(2) to break the egg shell, take only the yellow portion and to add it to boiling water with constant stirring.

White of an egg Common salt Sugar Fine sand

I II III IV
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(3) to boil the egg first, to break the egg shell, to add the white portion to ice cold water and to mix.
(4) to boil the egg first, to break the egg shell, to add the yellow portion to water and to mix.

7. Four students (A), (B), (C) and (D) independently observed the evaporation of water under different
conditions, and recorded the temperature of water at regular intervals as shown below.

Student Placing of experimental Temperature recording
set up in/under for 15 minutes

(A) sun increased gradually

(B) open air decreased gradually

(C) a fan initially increased, then became constant

(D) a corner of the room initially increased, then gradually decreased

The correct recording of observations is that of the student :
(1) (A) (2) (B) (3) (C) (4) (D)

8. A student takes a mixture of sand and ammonium chloride in a china dish and heats it under a funnel fitted
with a plug over a flame. He would observe that :

(1) solid sand gets deposited on the lower cooler parts of the funnel while solid ammonium chloride remains
in the china dish.

(2) sand and ammonium chloride get deposited on hotter parts of the funnel.

(3) ammonium chloride gets deposited on  the cooler  parts of the funnel and sand remains in the china dish.

(4) sand collects on cooler parts of the funnel while ammonium chloride melts in the china dish.

9. A student takes some water in a beaker and heats it over a flame for determining its boiling point. He keeps
on taking its temperature readings. He would observe that the temperature of water :

(1) keeps on increasing regularly

(2) keeps on increasing irregularly

(3) first increases slowly, then decreases rapidly and eventually becomes constant

(4) first increases gradually and then becomes constant.

10. Which of the following is the correct set of apparatus to separate common salt and sand by filtration process :

I II III IV
(1) I (2) II (3) III (4) IV

11. A  student added the following substances to water kept in four separate beakers. He stirred the mixture
well and filtered each one of them through a filter paper. He would obtain a solid residue on the filter paper
in the case of :

(1)  egg albumin (2) common salt (3) chalk powder (4) alum
12. In an experiment, carbon disulphide was added to a test-tube containing a mixture of iron filings and sulphur

powder as shown in the given diagrams :
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The correct observation is represented in diagram :
(1)  I (2) II (3) III (4) IV

13. The colour of insoluble product formed when sodium sulphate solution and barium chloride solution are
mixed together is :
(1)  blue (2) yellow (3) white (4) red-brown

14. A student, by mistake, mixed sulphur powder with iron filings. The following techniques were suggested to
separate the sulphur from the mixture out of which he has to choose one :
A. dissolving in carbon disulphide, filtration, evaporation
B. dissolving in water at room temperature and filtration
C. dissolving in hot water, filtration and evaporation
D. dissolving in ice cold water and filtration
The correct technique is :
(1)  A (2) B (3) C (4) D

15. A student has done the labelling for the experimental set-up for separating a mixture of sodium chloride
and camphor as indicated in the diagram given here. The
parts/substances that have been incorrectly labelled are :

(1) I, III, VIII (2) II, III, VII

(3) I, II, VIII (4) III, V, VII

16. A teacher gave an impure sample of alum containing fine
sand as impurity to a student. He asked him to recover pure
alum from this sample. The correct procedure to be followed
would be to :

(1) dissolve the impure sample of alum in water, filter and
evaporate the filtrate

(2) dissolve the impure sample of alum in alcohol and filter
(3) move a magnet over the impure sample of alum
(4) dissolve the impure sample of alum in carbon disulphide,

filter and evaporate the filtrate

17. The colour of residue left behind on heating lead nitrate
when it is still hot is :
(1)  green (2) yellow    (3) black     (4) reddish-brown

18. A student took some lead nitrate compound in a boiling
tube and heated it strongly. The gas/gases evolved on heating this compound is/are :
(1)  NO2 (2)  NO2 + CO2 (3) NO2 + O2 (4) N2 + O2

19. When a student heated a colourless solid compound, then brown fumes of a gas are evolved. The colourless
solid is most likely to be :
(1)  ferrous sulphate (2) lead carbonate
(3)  lead nitrate (4) lead sulphate

Burner
(IV)

Cork
(I)

Separating
funnel
(II) Pure

sodium chloride
(VIII)Vapours of

camphor
(III) China dish

(VII)

Tripod stand
(V)

Wire gauze
(VI)

Sulphur
powder

Clear
solution

Clear
solution

Sulphur
powder

Iron
filings

Iron
filings

Iron
filings

Sulphur
powder

 (I)  (II)  (III)  (IV)
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II

20. When dilute sulphuric acid is added to granulated zinc placed in a test-tube, the observation made is :
(1)  the surface of the metal turns shiny (2) the reaction mixture turns milky
(3)  odour of sulphur dioxide is observed (4) a colourless and odourless gas evolves with bubbles

21. What is the correct order of the methods you would apply to separate the components of a mixture of
ammonium chloride, common salt and sand ?

(1) dissolving in water, filtration, evaporation and sublimation
(2) dissolving in water, evaporation and sublimation
(3) sublimation, dissolving in water, filtration and evaporation
(4) moving a magnet, dissolving in water and sublimation

22. Four students took separately the mixture of sand, common salt and ammonium chloride in beakers, added
water, stirred the mixture well and then filtered. They reported their observations as shown below.

Student As residue In the filtrate

I Ammonium chloride Sand, Common salt
II Common salt, Sand Ammonium chloride
III Sand, Ammonium chloride Common salt
IV Sand Ammonium chloride, Common salt

Who reported the observations in the correct order of the components as residue and in the filtrate ?
(1)  I (2) IV (3) III (4) II

23. When zinc metal reacts with dilute sulphuric acid, a gas is evolved. Which one is a correct statement about
the nature of this gas ?
(1)  colourless with suffocating odour (2) reddish brown and odourless
(3)  colourless and sweet smelling (4) colourless and odourless

24. The reaction between iron and copper sulphate solution represents which type of reaction ?
(1)  decomposition (2) combination
(3)  single displacement (4) double decomposition

25. When a burning magnesium ribbon is introduced in a gas jar containing oxygen, it will burn with :
(1) a reddish flame (2) a pale blue flame
(3) a golden yellow flame (4) a dazzling white flame

26. A student heats calculated amounts of iron filings and sulphur powder together in a boiling tube. He will
obtain :
(1)  a homogeneous mixture of Fe and S (2)  a heterogeneous compound of Fe and S
(3)  a homogeneous compound of FeS (4)  a heterogeneous mixture of FeS, Fe and S

27. Which of the following mixture can be separated completely by the process of sublimation ?
(1)  fine sand and cane sugar
(2)  sodium chloride and potassium permanganate
(3)  potassium chloride and ammonium chloride
(4)  barium chloride and sodium sulphate

28. Four set ups as given here
were arranged to identify
the gas evolved when
dilute sulphuric acid was
added to zinc granules.
The most appropriate set
up is :

(1) I (2) II
(3) III (4) IV

I

dilute
H2SO4

Zinc

dilute
H2SO4

Zinc
dilute
H2SO4

Zinc

dilute
H2SO4

Zinc

III IV
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29. An iron nail was dropped into copper sulphate solution. After some time, the colour of the solution changed
from :
(1) light green to blue (2) blue to light green   (3) light green to colourless    (4) blue to yellow

30. A student was asked by her science teacher to prepare a true solution. She dissolved the solute in water but
forgot to record its name. What may be the correct name of the solute ?
(1) barium sulphate (2) sulphur powder
(3) alum (4) egg albumin

31. A student placed a clean iron nail in blue coloured copper sulphate solution for a considerable time. He
observes that :
(1) iron nail gets green coating (2) iron nail gets brown coating
(3) iron nail gets no coating (4) iron nail gets blue coating

32. When a student added a few drops of barium chloride solution to sodium sulphate solution, he obtained a
white precipitate instantly. Which of the following type of chemical reaction has been carried out by the
student ?
(1) combination (2) double displacement (3)  displacement (4) decomposition

33. A student was asked to carry out a chemical reaction by placing four different metal strips in CuSO4 solution
for a considerable time, one by one. Which of the following metal strip will turn the blue CuSO4 solution to
a light green solution in due course of time ?
(1) Fe (2) Au (3) Mg (4) Ag

34. We can show that iron is more reactive than copper :
(1)  by preparing copper sulphate solution and dipping iron strip in it
(2)  by dipping both the strips in water for some time
(3)  by preparing iron sulphate solution and dipping copper strip in it
(4)  by heating both iron and copper strips

35. A  student sets up an apparatus to determine the melting point of ice. He takes a beaker half filled with
crushed ice and dips a mercury thermometer with an initial reading of room temperature (25°C) in such a
way that the bulb of thermometer is surrounded by ice. The correct observation obtained by the student is
that :
(1)  mercury in the thermometer keeps on falling till it reads, –1°C and becomes constant thereafter
(2)  temperature falls, reaches 0°C, then it remains constant even after the whole of the ice has melted
(3)  the temperature falls in the beginning but starts rising as soon as the ice starts melting
(4)  temperature falls, reaches 0°C and remains constant only as long as both ice and water are present in it

ANSWERS

1. 3 2. 4 3. 1 4. 3 5. 4
6. 1 7. 2 8. 3 9. 4 10. 1

11. 3 12. 3 13. 3 14. 1 15. 3
16. 1 17. 4 18. 3 19. 3 20. 4
21. 3 22. 2 23. 4 24. 3 25. 4
26. 3 27. 3 28. 4 29. 2 30. 3
31. 2 32. 2      33. 1 34. 1 35. 4


