Module 3- Periodic Table and Atomic Models
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1. ATOMIC NUMBER AND MASS NUMBER

Rutherford discovered that the atom consisted of a nucleus which

contains protons and neutrons. The eiectrons orbit around the nucleus.

Protons and neutrons have roughly the same mass, and each is about 2000
times as massive as the electron. Therefore we can say that most of the

mass of the atom is located in the nucleus.
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The number of protons is the same as the number of elecirons.
For any given element, all nuclei have the same number of protons,
but the number of neutrons may vary.

The charge on the electron is -¢. The charge on the proton is +e.

The charge on the neutron is zero.

Remember: The elementary unit of charge is e = 1.602 x 16" C,

= Atomic Number is the number of protonsin the nucleus, which is the same as the number of

electrons in a neutral atom.

- MASE Number IS the total number of neutrons and protons in the nucleus which is equal to the
approximate mass of the atom to the nearest integer. (In fact the atomic mass is the sum of the
masses of all the atom’s components i.e., electrons, protons, and neutrons. As the electron’s mass is
too small, we may treat their contribution to the atomic mass as negligible.)

2. PERIODIC TABLE

The Periodic table is a listing of all known elements with their chemical symbols, atomic numbers, and
atomic masses aiong with other information as shown in the table on page 3.

The way the table is organized in groups iells
us a lot about these elements’ structure and
their properties. The on the right provides a
key to read and understand the periodic table.
Each horizontal row is called a period and
each vertical column is czlied a group.
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3. THE STRUCTURE OF THE ATOM

Megative

electron
= f’os‘rtiueﬂy
charged
“pudding”
Rutherford Model

Emest Rutherford was the first to show that the atom does not have a
uniform density, and that most of its mass is located at its center.

Based on his alpha-particle scattering experiment on gold, Rutherford

Earlier mode!
The atom was once thought to be a solid ball of posiiive material with
pudding-like consistency with electrons placed as shown in the figure.

The atom was supposed to be of a uniform density.

This was an incorrect model of the atom.

concluded that the atom consisted of a hard central core where most of |  Ernest Rutherford won 1908

the mass of the atom is present.

Nobel Prize for studies in

radioactivity.
cew™ Bohr’s model
-‘ - ; Neils Bohr, a Danish physicisi, treated the hydrogen atom as if it were an
: / electron of charge -e orbiting in a circular path about a groton of charge
+e.

Energy levels in hydrogen —3ra Fnergy le F«"\
Bohr also suggested that the electrons may reside in various energy 8
levels of the atom. Three such levels are shown in the figure. In this R sy S
figure “n” is the principle quantum number which is always an i
integer. n = 1 is the ground state, n = 2 is the 2nd energy level, n =3 is | C

the 3rd energy level, and so on. The electron can undergo a transition
from a lower to higher or from a higher to lower energy level.
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When an atom absorbs some energy the electron can jump to a
higher energy level. But the electron cannot stay in this energetic
state for a long time and it will fall back to its original energy level
after emitting light. This light consists of discrete particles called
“photons”. For such transitions we can say that:

(i)  Energy of phoion = Energy lost by eleciron
(ii)  The energy of the emitted photon is equal to the difference in
energy between the two levels involved in the transition.
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4. RADIOACTIVITY

Radioactivity is a process by which certain elements (with unstable nuciei, e.g., Uxss, C4, €tc.)
emit particular forms of radiation and decay into another element.

There are three major forms of radiations known as elpha, (&) beta (B), and gamma (y) radiation.

The first particle/radiation discovered in such a decaying process of an unstable nucleus was
called an alpha particie because alpha is the first letter of the Greek alphabet.

An element that emits any of these forms of radiation is called a radioactive element.

Aipha emission

—— Alpda paiticle
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UJ,35 emits an alpha-particle and decays into
Th,s, element as shown. Alpha particle consists
of two protons and two neutrons, which is the

i i frapime2 38 Therurmeg 24
same as a helium nucieus. i hen2
7, \ = Beta emission
¢ \' i ,/,‘ A\\
‘ ! 7 @\ . : . .
6 @ S { | @ T | C,4 emits & beta-particle and decays into Ny,
5 / \ 7 @& I 4 element as shown. The beta particle is just an
1, S o
W ~.~/’/" R electron.
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Gamma emission
Nuclei with excess energy emit gamma-rays .
which have extremely shori-wavelength (very ; 3 R S s .
: = e "Q; . | i
high energy E = hu) electromagnetic waves or o .
photons. nuclese ray
& Rodicactive Blocking radiation
Pod source
AR . . .
. e Alpha particles are 8,000 times as heavy as beta particles.
[y Baper . . .
e Paper or clothing can easily block alpha particles, while beta
8 : c',j particles require a few sheets of eluminum foil.
c
{3, Aluminum ‘ L . .
4 Y Gamma radiations are extremely dangerous, a thousanc times
.(.‘,' more dangerous than x-rays. They can easily penetrate most
N of the material except materials that are extremely dense such
o 3 Lead as lead (Pb). Thick lead slabs are normally used to block

ii s - gamma radiations in hospitals, nuclear planis etc. to minimize

their harmful effects.
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