Chapter - 4
Structure of the Atom

Charged Particles in Matter
= Atom is the building block of matter.
= The matter is anything that has mass and takes up space.

= Atoms are the smallest units of any matter. It cannot be seen through a
naked eye.

= These atoms are again subdivided into electrons, protons, and neutrons.
= Protons were discovered by Ernest Rutherford, in his famous gold foil
experiment. Electrons were discovered by J.J]. Thomson, in his cathode ray tube

experiment. Neutrons were discovered by James Chadwick.

Particle | Symbol | Charge | Absolute Charge | Absolute mass | Relative mass | Locationin an atom

(9] (kg) (amu)
Electron(e) _Je g -1.6x 10 9.1x 103! 1 Outside the nucleus
1836
Proton(p*) _lIp +1 +1.6 x 10°1° 1.67 x 10°%7 1 Inside the nucleus
Neutron (n) %n No charge 0 1.67 x 10?7 1 Inside the nucleus
(Neutral)

The Structure of an Atom

= An atom is the smallest particle on the earth of which matter is made up.
But later on, Many atomic theories explain the existence of sub-atomic
particles. These sub-atomic particles are electron, proton, and neutron.

& Thomson’s Model of an Atom:

J.J Thomson gave the first model for the structure of an atom. According to his
model, the atoms consist of a positively charged sphere in which the electrons
are embedded like the Christmas pudding. The atom is electrically neutral
because the number of negative charges is equal in magnitude to the number
of positive charges.



Thomson’s model of an atom
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= Drawbacks of Thomson’s model of an atom:

Positive sphere

It doesn't explain the stability of an atom. It does not explain the nucleus of an
atom.

¢ Rutherford’s Model of an Atom:

Rutherford performed the Gold foil experiment in which the fast-moving alpha
particles were made fall on the gold foil. Some of the alpha particles deflect at
higher angles while some deflect at smaller angles and some went undeflected.

Rutherford’s Gold Experiment
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According to Rutherford’s model, the atom contains a nucleus at the center
which is heavy and positively charged. The size of the nucleus is very small as
compared to the size of the atom. The electron is a negatively charged particle
that revolves around the nucleus. So, Rutherford discovered the nucleus.

= Drawbacks of Rutherford’s model of an atom:
The major drawback is the instability of the orbital revolution of an electron. If
the electron moves around the nucleus at high speed, it will give up its energy

and fall into the nucleus.

¢ Bohr’s Model of an Atom.:

According to this model, the electrons revolve around the nucleus in discrete
orbits called energy shells or energy levels. Each energy level is associated
with a definite amount of energy. The change in energy takes place when the
atom jumps from one energy level to another level. The energy level present in
an atomic structure is shown below:
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& Neutrons:

James Chadwick discovered the third subatomic particle, called the neutron.
The neutron has no charge and it is present in the nucleus along with protons.
The mass of the atom is given by the sum of neutrons and protons present in
the nucleus.



How are Electrons Distributed in Different Orbits (Shells)?

Bohr and Bury suggested some rules for writing the number of electrons in
different energy levels or shells. These rules are as follows:

1. The maximum number of electrons present in the shell is given by the
formula ‘Zn?, where, n stands for the energy level index or orbit number.

Energy K L M N
shell

Energy 1 2 3 4
level (n)

Numberof 2x1%=2 2x2°=8 2x32=18 | 2x4%=32
electrons

2. The outermost orbit can accommodate a maximum 8 electrons.

3. The orbits or the shells should be filled stepwise (first K shell will fill, then L
shell, so on).

Valency

= The octet rule refers to the tendency of atoms to prefer to have eight
electrons in the valence shell.

= The atoms which have fewer electrons than eight electrons react with
another atom to achieve a stable octet.

= The electrons present in the outermost shell of an atom are known as the
valence electrons.

= The combining capacity of the atoms or their tendency to react and form
molecules with atoms of the same or different elements is known as
the valency of the atom.

= Valency is determined by subtracting valence electrons from the octet.

= The valency of the atom is the same as that of the number of valence
electrons in that atom for the atoms which have valence electrons less than or
equal to 4. For example, beryllium contains 2 electrons in K-shell and 2
electrons in the L shell. So, its valency will be 2. The atomic structure of the
beryllium is shown below:
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Beryllium atom (atomic number = 4)

= The combining capacity or valency of an atom is zero which Atoms have
completely filled the outermost shell. For example, neon is an inert gas that
has completely filled shell. So, its valency will zero.

Question: What will the valency of the element whose atomic structure is
given below?

—e—\
- = . : \
/ bR T
| ® |
\ .'\* ‘ !
-
e s

Answer: The given structure shows that 2 electrons are present in K-shell and
4 electrons are present in L-shell. So, its atomic number is 6. The electronic
configuration of this element will be (2,4). So, it should contain 2 electrons in
K-shell and 4 electrons in L-shell. So, its valency will be 4.

Atomic Number and Mass Number

= The atomic number of the element is equal to the number of protons
present in the nucleus of the atom.

= The number of protons is equal to the number of electrons present in the
atom.

Atomic number (Z)= Number of Protons = Number of Electrons



= The mass number is defined as the total number of nucleons, which is the
total number of protons and neutrons present in the nucleus of the atom.

Mass number(A)= Number of Protons + Number of Neutrons

= The element is represented as shown below:

Mass

number || symbol of
element

Atomic

number

Isotopes

= The isotopes are the variant of the particular chemical element which has
the same atomic number but a different mass number.

= For exaample, hydrogen has three isotopes, protium (1) deuterium (1P) and
tritium (1T) . These isotopes have a same atomic number but a different mass
numbers.

4 Applications of isotopes:

(i) An isotope of uranium is used as a fuel in nuclear reactors.
(ii) An isotope of cobalt is used in the treatment of cancer.
(iii) An isotope of iodine is used in the treatment of goitre.

* Isobars are the variant of the particular chemical element which has the
same mass number l::ut a different atomic number. For

example, (36F¢) and (37C0) are isobars because they have the same mass
number but a different atomic number.



Question: The mass number of the element X is 24. It contains 11 neutrons. The element X will be
the isotope of which of the following element?

1. Sodium

2. Magnesium

3. Aluminium

4. Lithium

Answer:

The isotopes are the variant of the particular chemical element which has the same atomic number
but a different mass number. The mass number of the given element is 24. It means that the sum of
proton and neutron is 24. The number of protons is calculated as shown below

Number of proton = Mass number — number of neutrons

=24-11=13

So, the atomic number of this element is 13. The atomic number of sadium is 11 while the atomic
number of magnesium is 12. The aluminium has 13 atomic number and the atomic number of lithium
is 3. So, the element X is the isoptope of aluminum metal.



