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ATOMIC STRUCTURE

Thompson model

The Thompson model was the first attempt to describe how an atom looked like. It was
more of a guess work based on the behavior of
with the outside world. During the flow of

) + current, it was the electrons which flowed

+ ) negative to the positive terminal
) + (5 difference in potential at the two e
+ + source. Since they had to be fre ¥ be
<! 'é' 4+ loosely attached to the main bo om. But
(=) ) everything negative should have e e charged
+ o) particle also. So the positiv be there, but
+ since they are not free, rm the main core

o+
(-} of the atom, fully and st

This gave an idea that a looked like a mass of
pudding with some plums attached to them, rea reak off whenever needed. So
the whole model depicting such atom has been. um Pudding Model. Such an
atom would look like as in the figure.

Rutherford’s a—scattering exp
The Thompson’s model WaSJ
It did not have any strong pi
charged particles ou

€ attempt at depicting how an atom looked like.
d its base on the electric behavior of negative
in electric current.

direction was devised by Rutherford, the method often
ering experiment. The process consisting of a source of o
f gold to strike the a particles and a spherical or cylindrical screen.

The first scientific
called as Rutherford
particles,

les is a radioactive substance which releases a constant stream
out the course of experiment. A thin gold foil is placed in front of the
ich the o particles have to be pierced. Such foil is often see-through
eir extreme thinness. a particles have a very short range in air, so the foll
e placed very near the source. When the a — particles shoot the foil, they got
th and reach the screen placed around. The screen has fluorescent substances
coated from the inside. These substances release visible wavelengths of light whenever
they are struck by some energetic radiations.

During the experiment, there were several observations on the fluorescent screen
which made Rutherford make several conclusions about atoms.
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Observations and conclusions
1. Almost all of the flashes were direct, which meant most of the a — particles
passed through without suffering even the slightest of deviations. Such event is
possible only if the atoms are mostly empty within. This was most contrary to
Thompson’s idea that they were made of positive masses with negative charged

particles at various points.

Lead

Radioactive
Source

a-pa
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Drawback of Rutherford’s Model
1. Rutherford’s suggested that the electron of the
circular orbit and all the electrons revolve in t
number of electrons, this might be possible bu
electrons because they may eject out of the
force between them.

nd the nucleus in
f atoms. For small
hen there are a lot of

on account of mutual repulsive

ns around the atom is a circle but
rgoing a change of velocity which
ergy. As they go on releasing energy,
ent, subsequently becoming unable to
by the nucleus. So they should follow a path
the nucleus. But this has never occurred in
hat electrons move in a circle, or even the idea
ell into confusion.

2.  Rutherford’s suggested that the pa
an electron moving in a circle is
according to William Hertz shoulg
they suffer loss in the total
resist the attraction thrust g
spiraling inwards and col

nature, the conce

ergy most of them do so in distinct frequencies. However
d’s model, frequencies can very much according to the
lectrons. The release of only particular frequencies by a particular
explained by Rutherford’s model of atom.

Bohr’s model of atom

In 6tder to explain the deficiencies of Rutherford’s model, Bohr gave his own theory and
model of atom very much similar to the solar system. According to him

1. Though electrons belong to the some atom, they can never have same energy
because it is the rule of nature that when some input is given to something the
portion they receive is the never the same.
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2. Since their energies are different the space they need should also be different
(because more energy means more disturbance and so more space, less energy
means less disturbance in the electrons and less space). So electrons with less
energy will be revolving round the atom by staying much nearer the nucleus.
Similarly the electrons with high energy should be revolving at a greater distance
from the nucleus. This means the distance of electrons from the nucleus will be
varying very much. The path taken by the electrons in revolving round the nucleus
are called shells or orbits (much like in solar system).

3. Since electrons of different energies are in different orbits, electrons
energy should be staying in same orbit. However these electron
So the number of electrons that can be accommodated in a p
different. Smaller orbits can house less number of electrons w |
would be able to accommodate more. The number of el at can be
accumulated |n the orbit depends on the size of t given by the
relation N = 2n?, where n = order of orbits.

4. The orbits near the nucleus have electrons of / whereas the farther
orbits have electrons with more energy. It means if is supplied to the inner
electron, they cannot be accommodated in t bit and they need a larger space.
So they will jump to the outer orbit. How > to the vacant space created
there, and due to the immense attr ucleus, some outer electrons are
squeezed into the vacant space. rocess that electrons will release
some energy. The frequency, w and the energy itself depends on the
original orbit and the final orbit.

If En2 be the energy of the# the outer orbit & En; be the energy in inner

orbit then, energy w-En=hy = h%.

Fe which created F.. Therefore their numerical values should be equal.

i.e. F. =F¢
2 2
mv _ ke B — 4.9
or, T [“Fe= %]
2
o, mv =K (ii)
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Demonstration of an el n revolving aroun

the nucleus of hydrogen atom

Bohr found that for an electron of first orbit, the angular momentu

21, for 2" orbit, it, i.e. mvr, was equal to 221 and so on,
T T

Overall, mvr =n—.............. (i)
2n

v =M (iv)
2mmr

Using this value in eq". (ii) gives,

m( nh ]2 _ ke?
2Tmr r

=5.28x10"' m =0.528 A,
=2.11x10%m =2.11A,

=4.75x10°%m =4.75 A.

ulation of these values show that the ratio of the radii of the first orbit
Dit to the third orbit and so on is given by

The
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To calculate the overall energy of an elect > and potential energies of that

electron should be evaluated separately

Let, Exand E, be the respective ener

The relation for kinetic energy is E

: 1 ke? 2
Using the value of mv?fr = ke” _ ke”
4 2 2r
2r r 2r

It means the energy of an electron in a certain orbit depends on the order of the orbit.
The —ve sign denotes the attractive nature of this particular energy.

According to Bohr, when electrons jump from higher orbit to lower orbit they emit
energy. The value of the emitted energy should be mathematically equal to the
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difference between value of energy at the higher orbit and lower orbit. Therefore let, En
and En, the energies of the electron at lower and higher orbits respectively.

2 .41,2
Therefore E, =-2FeKm & Ep =

2,2
n;"h

_2re’k’m
22
n,"h

.. Energy liberated when descending from orbit n, to n; is given by
Envi =En-En

_ 2n2e4k2m{ 1 1 }

2n%e*k’m

1l
=

N
1
>

ol P
3 ‘
N

N
I |

~

<.

=;

der of the orbits
jump from the 2™

from where the electrons took off and where it landed

orbit to the 1%, the expression for energy becomes
2,412 7
Epi = 2n Ezk m 1_2%

Similarly if they jump from the 3" ion becomes

2n?e*k’m[. 1
Bros = et

And from the 3" to the 2™, the e

ons stay in the some orbit, n; and ns would be the same. So energy
zero. (Try yourself)

on of a frequency
ionship relating energy with frequency is

E =hv
Or, En]s = hva
2n’e’k’'m| 1 1 _
OI’, —h2 |:E—¥:| - hans
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_2re'k’m| 1 1 .
OI’, ans - h—3|:n—2——2:|................ (lX)
S

n

Expression for wavelength
The relation between frequencies and wavelength is given by

v :%, where ‘c’ is the velocity of energy radiations in vacu

Or, =_¢
ans knls
2,412
or, 2ne3km iz_ 12 - C
h Ng n Mnis
2,412
o, L o-zeimi1 1]
Anis h°c nS n
Rydberg’s constant
, 2n%e*k’m . , .
In the above expression, the term B is uantity and was first
C

g’'s constant in his honor and is
he above expression is also written

formulated by Paul Rydberg. So it is calle
denoted by ‘R’. Its value is equal to 1.11
in simple form as

Radiation series fr
When electrons ju
initial and fina
common
named

er to lower orbit, the amount of energy depends on the
these energies were studied by devices, they shared
depending on which orbit they are landing on and have been
eir properties and other discoveries.

adiation emitted when electron from any outer orbit drop into the first
y are highly energetic and so are characterized by their extreme penetrating
or e.g. uv rays and x-rays. Their wavelength can be calculated from eqgn (x) by
usingns=1i.e.

1 _ 27%e’k’m 1 _ 1
- == 1-— = R|1-—
Lyman C n n

2. Balmer Series:
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These are the radiations emitted when electrons from any outer orbit drop into the
second orbit. They are characterized by human ability to perceive them through visual
organs. For e.g. blue, violet, red radiations (VIBGYOR), their wavelength can be
calculated from eqgn (x) by using ns = 2 i.e.

1 _adelieml1 1] _f1o1
Mgaimer h3c 22 n|2 22 n|2

3. Paschen Series:
These are the radiations emitted when electrons from any outer orbit drop i

be
calculated from egn (x) by using ns = 3 i.e.

1 _2refk®mi 1 1 _ 11
}"Paschen h3C 32 nI2

4. Brackett Series:
These are the radiations emitted when electrons f
fourth orbit. Their group falls under the infra red categ
calculated from eqgn (x) by using ns =4 i.e.
1 N 2n2e4k2m{ 11

42

orbit drop into the
heir wavelength can be

3
A Brackett h°c

5. Pfund Series:
These are the radiations emitted w
orbit. Their group falls under t
calculated from eqn (x) by using’

bns from any outer orbit drop into the fifth
category and their wavelength can be

In addition, there ar es of radiations according to electron comes from other
orbits to 6", 7

fferent outside factors. These patterns were first of all discovered by
electrons are said to move in the form of “de-Broglie waves”. If they
they have to show the characteristics of waves for e.g. particular

These waves are not random and are also not located in random directions. They have
a certain location and span (range). The de-Broglie wavelength can be found by the
relation for the energy of the electron, once as a particle and once as a wave, which are
respectively given by

E =mc®2& E =hv :hk_C
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or, mc .
A
Or, mc :E
A
Or, by _h
mcC

The expression gives an idea that if the momentum of a body is higl
the body would be very small, whereas of the momentum i
This determines whether a certain body can be seen ing
electrons, momentum is very less, so waveleng
conspicuous. For normal bodies seen around huj
wavelength is so small that they can not be observed.
elaborate by Heisenberg’s uncertainty principle.

d be higher.
orm or not. For
iably larger and
mentum is high, so
omenon is made more

10



