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Atomic $tructure

INTRODUCTION

In the beginning of nineteenth century, John Dalton (1766-1844) put forward
his atomic theory, he regarded atom as hard and smallest indivisible particle of
matter that takes part in chemical reactions; the atoms of one particular element
are all identical in mass and atoms of different elements differ in mass and other
properties. Later on, various investigators around the end of nineteenth century
and beginning of twentieth century did several experiments and revealed the
presence of much smaller negatively charged particles, named electrons by J.J.
Thomson (1897) and positively charged particles, named protons by Rutherford
(1911) within an atom. These tiny particles were called subatomic particles. It
was also established by Rutherford that the whole positive charge and most of
the mass of an atom lies at nucleus. The positive charge on the nucleus was
attributed to the presence of protons called the atomic number by Moseley
(1912). The electrons were said to be arranged around the nucleus in the extra
nuclear region in certain well defined orbits called energy shells and were said
to be in constant motion (N. Bohr, 1913). Chadwick’s experiments (1932) also
revealed the existence of yet another subatomic particle in the nucleus which
did not have any charge and named as neutrons. Further investigations
established that there were also present some other subatomic particles in the
nucleus in addition to electrons, protons and neutrons. These particles are
positrons, neutrinos, antineutrinos, pions (m-mesons) etc. The pions (Yukawa,
1935) are said to be continuously consumed and released by proton-neutron
exchange processes. Thus, it is concluded that the atom no longer is an ultimate
and indivisible particle of matter and the outer or valence shell electrons are

responsible for chemical activity of the elements.
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DE-BROGLIE’S MATTER WAVES: DUAL NATURE OF MATTER

This is based on wave mechanical concept of an electron in an atom. Albert
Einstein proposed dual character of electromagnetic radiation in 1905, viz. wave
character based on Maxwell’s concept evidenced by diffraction, interference,
polarisation kinds of phenomena and particle character based on Planck’s
guantum theory witnessed by quantization of energy and hence photoelectric
effect, i.e. the ejection of photoelectrons from metal surface on striking
electromagnetic radiation.

On the basis of above analogy, French Physicist Louis de Broglie (1924)
postulated that not only light but all material objects (both micro and
macroscopic) in motion such as electrons, protons, atoms, molecules etc.
possess both, wave and the particle properties and thus have dual character, i.e.
the wave character and particle (corpuscular) character. He called the waves
associated with material particles as matter waves which are now named de
Broglie’s wave. These waves differ from electromagnetic or light waves in a
sense that these are unable to travel through empty space and their speed is

different form light waves.

¢ de Broglie’s relation
de Broglie deduced a fundamental relation between the wave length of moving
particle and its momentum by making use of Einstein’s mass energy
relationship and Planck’s quantum theory. The material particle as a wave

satisfies the Planck’s relation for a photon, i.e.

where h is Planck’s constant and v is the frequency of the wave. The frequency
for light wave is v .
At the same time, Einstein’s mass energy relationship is applicable to it, 1.e.

E = mc? (for a photon) ........... (2)
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or hv=mc. ¢ =p.c (p =momentum, p = m.c, mass x velocity)

Or,h.c/A=p.c

Or,p=h/A

Here, A corresponds to the wave character of matter and p its particle character.
This is known as de Broglie’s relation. From this relationship, it is concluded
that “the momentum of a moving particle is inversely proportional to the
wavelength of the wave associated with it”.

It is important to note here from above discussion that de Broglie’s relation is
applicable to material particles of all sizes and dimensions but the wave
character is significant only for micro objects like electrons and is negligible for
macro objects hence cannot be measured properly. This infers that de Broglie’s

relation is more useful for smaller particles.

Reference: (a) Uttarakhand O. U. study material; (b) General and Inorganic Chemistry, Ramaprasad
Sarkar, Volume 1 (c) Inorganic Chemistry, A.K. Das, Volume 1, (d) Biswasghatak, Narayan Sanyal,

Bengali Novel
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Lecture 2

HEISENBERG’S UNCERTAINTY PRINCIPLE
According to classical mechanics, a moving electron behaves as a particle whose position and

momentum could be determined with accuracy. But according to de Broglie, a moving
electron has wave as well as particle character whose precise position cannot be located

because a wave is not

located at a particular point rather, it extends in space. To describe the character of a
subatomic particle that behaves like a wave, Werner Heisenberg in 1927 formulated a
principle known as Heisenberg’s Uncertainty Principle. According to the principle “It is
impossible to determine simultaneously both the position as well as the momentum (or
velocity) of a moving particle at the same time with certainty (or accurately)”

He also proposed a mathematical relationship for the uncertainty principle by relating the
uncertainty in position with the uncertainty in momentum which is given below:

AX X Ap>h/2n

or Axxm (Av) >h / 2n

(sincep=mv)
where AX is the uncertainty or error in the position of the particle, A p and A x are the

uncertainties in its momentum and velocity and h is Planck’s constant.
This equation states that the product of Ax and Ap can either be greater than or equal to (>)
but never smaller than h / 2m.
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Atom Model of Rutherford:
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Based on the experimental results, Rutherford proposed the model in 1911 and the basic
feature of the model is as follows:

1) Atom consist of a central nucleus and the entire positive charge of the atom being
concentrated there,

2) The dimension of the nucleus is extremely small in comparison to the size of the atom.
Most part of the atom is thus vacant.

3) Electrons are present outside the nucleus and their number is equal to the nuclear positive
charge to maintain the electrical neutrality of the atom.

4) The electrons revolve around the nucleus in circular orbits. The centripetal force and the

electrostatic force balance each other to give a stable orbit
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Drawback of Rutherford Atomic Model:

1. Instability of Atomic Nucleus and
2 No explanation of the atomic line spectra.

Details are as follows:

To remove the drawbacks in the Rutherford’s model, combining some basic laws of Classical Physics
and some principles of Quantum Theory (1900), Niels Bohr proposed in 1913 his famous atomic
model. Because of this contribution, Bohr was awarded the Nobel Prize. However, it is applicable for

mono electronic system.
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Calculation of Energy as per Bohr’s model:
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(PART-1)

Merit and demerits of Bohr’s Theory:
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Sommerfeld’s Modification:

Sommerfeld’s extension of Bohr’s atomic model was motivated by the quest for a theory of
the Zeeman and Stark effects. The crucial idea was that a spectral line is made up of
coinciding frequencies which are decomposed in an applied field. In October 1914 Johannes
Stark had published the results of his experimental investigation on the splitting of spectral
lines in hydrogen (Balmer lines) in electric fields, which showed that the frequency of each
Balmer line becomes decomposed into a multiplet of frequencies. The number of lines in
such a decomposition grows with the index of the line in the Balmer series. Sommerfeld
concluded from this observation that the quantization in Bohr’s model had to be altered in
order to allow for such decompositions. He outlined this idea in a lecture in winter 1914/15,
but did not publish it. The First World War further delayed its elaboration. When Bohr
published new results in autumn 1915, Sommerfeld finally developed his theory in a
provisional form in two memoirs which he presented in December 1915 and January 1916 to
the Bavarian Academy of Science. In July 1916 he published the refined version in the
Annalen der Physik. The focus here is on the preliminary Academy memoirs whose
rudimentary form is better suited for a historical approach to Sommerfeld’s atomic theory
than the finished Annalen-paper. This introductory essay reconstructs the historical context
(mainly based on Sommerfeld’s correspondence). It will become clear that the extension of
Bohr’s model did not emerge in a singular stroke of genius but resulted from an evolving
process.
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The azimuthal quantum number k '

Further interpretation of atomic spectra introduced W0 more quantum numbers. The magnetic
quantum number was introduced to explain the observed splitting of spectral lines when the

source of spectra was placed in a magnetic field (Zeeman effect). Further details of the spectra
: led to the spin quantum number (Chapter 4). It was soon realized that an atomic system has

its own peculiarities originating from the Very microscopic nature of the system. These could
be more rationally in

terpreted only with a new approach based on wave properties of matter
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