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De Broglie Waves

Not only the light but every materialistic particle such as
electron, proton or even the heavier object exhibits wave-

particle dual nature.

De-Broglie proposed that a moving particle, whatever its
nature, has waves associated with it. These waves are

called "matter waves”.

Energy of a photon is
E=hyv

For a particle, say photon of mass, m
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Suppose a particle of mass, m is moving with velocity, v then
the wavelength associated with it can be given by
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(i) Fv=0= A = means that waves are associated with
moving material particles only.

(ii) De-Broglie wave does not depend on whether the moving
particle is charged or uncharged. It means matter waves are
not electromagnetic in nature.



Heisenberg Uncertainty Principle

It states that only one of the “position” or “momentum” can be
measured accurately at a single moment within the instrumental
limit.

or

It is impossible to measure both the position and momentum

simultaneously with unlimited accuracy.

Ax — uncertainty in position
Ap_— uncertainty in momentum

then

X 7

The product of Ax & Ap_of an object is greater than or equal to



If AX is measured accurately i.e.Ax >0 = Ap —

The principle applies to all canonically conjugate pairs of quantities in

which measurement of one quantity affects the capacity to measure
the other.

Like, energy E and time t.
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and angular momentum L and angular position 6
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Quantization of Energy

Max Planck (1858-1947)
Solved the “ultraviolet
catastrophe” 556 ARG

Spectrum of Radiation from a Heated Body
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* Planck’s hypothesis: An object can only
gain or lose energy by absorbing or
emitting radiant energy in QUANTA.



Quantization of Energy (2)

Energy of radiation is proportional to frequency.

E = hev

where h = Planck’s constant = 6.6262 x 10734 Jes

Light with large A (small v) has a small E.

Light with a short A (large v) has a large E.



Pauli’s exclusion principle

* In 1925, Wolfgang Pauli discover the principle that
governs the arrangements of electrons in many
electron atoms

* The Pauli exclusion principle states that no two
electrons in an atom can have the same set of
four quantum numbers n, I, m, s.

* For a given orbital, thus e value of n, 1,m are fixed

* Thus if we want to put more than one e in an
orbital and satisfy the Pauli exclusion principle, our
only option is to assign different values of s to
those two e

* We know that their can be only two s value
possible for e

* We conclude that, an orbital can hold a max. of
two e, and they must have opposite spin.



Example of Pauli’s Exclusion Principal:

* Consider the second shell (n=2)

* There are 4 orbitals, one s orbital (1=0) and three p
orbitals (I=1)

2 0 +1/2 “ _2earein2s

) 0 0 -1/2 " orbital

2 1 +1 +1/2 P_Z e are in 2p_
9 1 g =12 || orbital

2 1 =l +1/2 ;z e are in 2p,
9 1 21 -1/2 || orbital

2 1 0 +1/2 #_2 e are in 2p,
7 1 0 -172 orbital




HUND’S RULE

States that “when electrons occupy
orbitals of equal energy, one electron
enters each orbital until all the orbitals
contain one electron with parallel
spins. Second electrons then add to
each orbital pairing the spins of the
first electron.”



HUND’S RULE

10 electron-electron repulsion electron-electron repulsion
equals lower energy equals hugher energy
[f_— J—
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Example of Hund's rule: Orbital diagram for carbon, showing the correct application of Hund s Rule



ELECTRONIC CONFIGURATION OF
SELECTED ELEMENTS

ORBITAL DIAGRAM
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Oerlvition o  Schrodinger Wave
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