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Electromagnetic radiations:

The radiations which are associated with electrical and magnetic 

fields are called electromagnetic radiations. When an electrically 

charged particle moves under acceleration, alternating electrical 

and magnetic fields are produced and transmitted. These fields 

are transmitted in the form of waves. These waves are called 

electromagnetic waves or electromagnetic radiations.

Properties of electromagnetic radiations:

a. Oscillating electric and magnetic field are produced by 

oscillating charged particles. These fields are perpendicular to 

each other and both are perpendicular to the direction of 

propagation of the wave.

b. They do not need a medium to travel. That means they can 

even travel in vacuum.



Characteristics of electromagnetic radiations:

a. Wavelength: It may be defined as the distance between 

two neighbouring crests or troughs of wave as shown. It is 

denoted by λ.

b. Frequency (ν): It may be defined as the number of 

waves which pass through a particular point in one second.

c. Velocity (v): It is defined as the distance travelled by a 

wave in one second. In vacuum all types of 

electromagnetic radiations travel with the same velocity. Its 

value is 3 ×10 8m sec-1. It is denoted by v

d. Wave number: Wave number is defined as the number 

of wavelengths per unit length.

Velocity = frequency ×wavelength c = νλ



Planck's Quantum Theory-

o The radiant energy is emitted or absorbed not 

continuously but discontinuously in the form of small 

discrete packets of energy called ‘quantum’. In case of light 

, the quantum of energy is called a ‘photon’

o The energy of each quantum is directly proportional to 

the frequency of the radiation, 

i.e. E α υ or E= hυ where h= Planck’s constant = 

6.626 x 10-34 Js

o Energy is always emitted or absorbed as integral multiple 

of this quantum. E=nhυ Where n=1,2,3,4,.....

Black body: An ideal body, which emits and absorbs all 

frequencies, is called a black body. The radiation emitted 

by such a body is called black body radiation.



Q: Calculate (a) wavenumber and (b) frequency of yellow 
radiation having wavelength 5800 Å. 

Q: The wavelength range of the visible spectrum extends from 
violet (400 nm) to red (750 nm). Express these wavelengths in 
frequencies (Hz). 

Q: Calculate energy of one mole of photons of radiation whose 
frequency is 5 ×1014 Hz. 

Q: A 100 watt bulb emits monochromatic light of wavelength 400 
nm. Calculate the number of photons emitted per second by the 
bulb. 



Photoelectric effect:

The phenomenon of ejection of electrons from the surface 

of metal when light of suitable frequency strikes it is called 

photoelectric effect. The ejected electrons are called 

photoelectrons.

o Threshold frequency (vo): For each metal there is a 

characteristic minimum frequency below which 

photoelectric effect is not observed. This is called threshold 
frequency.

o If frequency of light is less than the threshold frequency 

there is no ejection of electrons no matter how long it falls 

on surface or how high is its intensity.



Photoelectric work function (Wo):

The minimum energy required to eject electrons is called 

photoelectric work function.Wo= hvo

Kinetic Energy of the ejected electrons :



Q: When electromagnetic radiation of wavelength 300 nm falls 
on the surface of sodium, electrons are emitted with a kinetic 
energy of 1.68 ×105 J mol–1. What is the minimum energy 
needed to remove an electron from sodium? What is the 
maximum wavelength that will cause the photoelectron to be 
emitted?

Q: The threshold frequency ν0 for a metal is 7.0 ×1014 s–1. 
Calculate the kinetic energy of an electron emitted when 
radiation of frequency ν =1.0 ×1015 s–1 hits the metal.



Dual behavior of electromagnetic radiation

The light possesses both particle and wave like properties, 

i.e., light has dual behavior .  

Whenever radiation interacts with matter, it displays particle 

like properties.(Black body radiation and photoelectric 

effect) 

Wave like properties are exhibited when it 

propagates(interference an diffraction)



Spectrm :-

When a white light is passed through a prism, it splits into a 

series of coloured bands known as spectrum.

Spectrum is of two types:(a) Continuous and line 

spectrum The spectrum which consists of all the 

wavelengths is called continuous

spectrum.

(b) line spectrum A spectrum in which only specific 

wavelengths are present is known as a line spectrum. It 

has bright lines with dark spaces between them.

Electromagnetic spectrum is a continuous spectrum. It 

consists of a range of electromagnetic radiations arranged 

in the order of increasing wavelengths or decreasing 

frequencies. It extends from radio waves to gamma rays.



Spectrum is also classified as emission and line spectrum.

o Emission spectrum: The spectrum of radiation emitted 

by a substance that has absorbed energy is called an 

emission spectrum.

o Absorption spectrum is the spectrum obtained when 

radiation is passed through a sample of material. The 

sample absorbs radiation of certain wavelengths. The 

wavelengths which are absorbed are missing and come as 

dark lines.



Hydrogen Spectrum

The emission spectrum of atomic hydrogen has been 

divided into a number of spectral series, with wavelengths 

given by the Rydberg formula. These observed spectral 

lines are due to the electron making transitions between 

two energy levels in an atom. The classification of the 

series by the Rydberg formula was important in the 

development of quantum mechanics. The spectral series 

are important in astronomical spectroscopy for detecting 

the presence of hydrogen and calculating red shifts.

https://en.wikipedia.org/wiki/Emission_spectrum
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Rydberg_formula
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Atomic_electron_transition
https://en.wikipedia.org/wiki/Energy_level
https://en.wikipedia.org/wiki/Quantum_mechanics
https://en.wikipedia.org/wiki/Astronomical_spectroscopy
https://en.wikipedia.org/wiki/Red_shift
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The study of emission or absorption spectra is referred as 

spectroscopy.

Spectral Lines for atomic hydrogen:

Rydberg equation

R = Rydberg’s constant = 109677 cm-1

Q: What are the frequency and wavelength of a photon emitted 
during a transition from n = 5 state to the n = 2 state in the 
hydrogen atom? 





Bohr’s model for hydrogen atom:

a. An electron in the hydrogen atom can move around the 

nucleus in a circular path of fixed radius and energy. These 

paths are called orbits or energy levels. These orbits are 

arranged concentrically around the nucleus

b. As long as an electron remains in a particular orbit, it 

does not lose or gain energy and its energy remains 

constant.

c. When transition occurs between two stationary states 

that differ inenergy, the frequency of the radiation absorbed 

or emitted can be calculated



An electron can move only in those orbits for which its 
angularmomentum is an integral multiple of h/2π



The radius of the nth orbit is given by 

rn =52.9  x n2/Z pm

Energy of electron in nth orbit is :



Q: Calculate the energy associated with the first orbit of He+ . What is 
the radius of this orbit? 

Q: How much energy is required to ionize a H atom if the electron 
occupies n = 5 orbit? Compare your answer with the ionization 
enthalpy of H atom ( energy required to remove the electron from n 
=1 orbit). 

Q: The energy associated with the first orbit in the hydrogen atom is –
2.18 × 10–18 J atom–1. What is the energy associated with the fifth 
orbit? 

Q: Calculate the radius of Bohr’s fifth orbit for hydrogen atom.

Q: Calculate the wavenumber for the longest wavelength transition in 
the Balmer series of atomic hydrogen. 2.18 What is the energy in 
joules, required to shift the electron of the hydrogen atom



Limitations of Bohr’s model of atom:

a. Bohr’s model failed to account for the finer details of the 
hydrogen spectrum.

b. Bohr’s model was also unable to explain spectrum of 

atoms containing more than one electron.

Dual behavior of matter:

de Broglie proposed that matter exhibits dualbehavior i.e. 

matter shows both particle and wave nature. de Broglie’s 

relation is



Q: What will be the wavelength of a ball of mass 0.1 kg moving 
with a velocity of 10 m s–1 ?

Q: Calculate the wavelength of an electron moving with a 
velocity of 2.05 × 107 m s–1.

Q: The mass of an electron is 9.1 × 10–31 kg. If its K.E. is 
3.0 × 10–25 J, calculate its wavelength. 



Heisenberg’s uncertainty principle:

It states that it is impossible to determine simultaneously, 

the exact position and exact momentum (or velocity) of an 

electron.

The product of their uncertainties is always equal to or 

greater than h/4π.



Q: A microscope using suitable photons is employed to locate an 
electron in an atom within a distance of 0.1 Å. What is the 
uncertainty involved in the measurement of its velocity? 

Q: A golf ball has a mass of 40g, and a speed of 45 m/s. If the 
speed can be measured within accuracy of 2%, calculate the 
uncertainty in the position. 

Q. Using Heisenberg’s uncertainty principle, show that an 
electron cannot exist inside the nucleus.



Failure of Bohr’s model:

a. It ignores the dual behavior of matter.

b. It contradicts Heisenberg’s uncertainty principle.

Quantum numbers:

There are a set of four quantum numbers which specifythe

energy, size, shape and orientation of an orbital. To specify an 

orbital only three quantum numbers are required whileto specify 

an electron all four quantum numbers are required.



Principal quantum number (n):It identifies shell, determines 

sizes and energy of orbitals



Azimuthal quantum number (l): Azimuthal quantum 

number. ‘l’ is also known as orbital angular momentum or 

subsidiary quantum number. l. 

It identifies sub-shell, determines the shape of orbitals, 

energy of orbitals in multi-electron atoms along with rincipal

quantum number and orbital angular momentum, i.e.,

The number of orbitals in a subshell = 2l + 1. For a given 

value of n, it can have n values ranging from 0 to n-1. Total 

number of subshells in a particular shell is equal to the 

value of n. Subshell
notation

s p d f g

Value of ‘l’ 0 1 2 3 4

Number of
orbitals

1 3 5 7



Magnetic quantum number or Magnetic orbital 

quantum number (ml):

It gives information about the spatial orientation of the 

orbital with respect to standard set of co-ordinate axis.

For any sub-shell (defined by ‘l’ value) 2l+1 values of ml are 

possible.

For each value of l, ml = – l, – (l –1), – (l–2)... 0,1...(l – 2), 

(l–1), l

Electron spin quantum number (ms):It refers to 

orientation of the spin of theelectron. It can have two values 

+1/2 and -1/2. +1/2 identifies the clockwisespin and -1/2 
identifies the anti- clockwise spin.



Nodal surfaces or simply nodes :

The region where this probability density function reduces 

to zero is called nodal surfaces or simply nodes.

Radial nodes: 

Radial nodes occur when the probability density of wave 

functionfor the electron is zero on a spherical surface of a 

particular radius. 

Number of radial nodes = n – l – 1

Angular nodes:

Angular nodes occur when the probability density 

wavefunction for the electron is zero along the directions 

specified by a particularangle. 

Number of angular nodes = l

Total number of nodes = n – 1



Degenerate orbitals: Orbitals having the same energy are 

called degenerateorbitals. Shape of p and d-orbitals



d Orbitals



Aufbau Principle:

In the ground state of the atoms, the orbitals are filled 

inorder of their increasing energies

n+l rule-

Orbitals with lower value of (n+l) have lower energy. If two 

orbitals have the same value of (n+l) then orbital with lower 

value of nwill have lower energy.

The order in which the orbitals are filled isas follows:

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 4f, 5d, 6p, 7s...





Pauli Exclusion Principle:

No two electrons in an atom can have the same setof four 

quantum numbers. Only two electrons may exist in the 

same orbitaland these electrons must have opposite spin.

Hund’s rule of maximum multiplicity:

Pairing of electrons in the orbitalsbelonging to the same 

subshell (p, d or f) does not take place until eachorbital

belonging to that subshell has got one electron each i.e., it 

is singlyoccupied.



Stability of completely filled and half filled subshells:

a. Symmetrical distribution of electrons- the completely 

filled or half filled sub-shells have symmetrical distribution 

of electrons in them and are more stable.

b. Exchange energy-The two or more electrons with the 

same spin present in the degenerate orbitals of a sub-shell 

can exchange their position and the energy released due to 

this exchange is called exchange energy. The number of 

exchanges is maximum when the subshell is either half 

filled or completely filled. As a result the exchange energy 

is maximum and so is the stability.



Q: Using s, p, d notations, describe the orbital with the following 
quantum numbers. 
(a) n=1, l=0; (b) n = 3; l=1 (c) n = 4; l =2; (d) n=4; l=3. 

Q: An electron is in one of the 3d orbitals. Give the possible 
values of n, l and ml for this electron. 

Q: Indicate the number of unpaired electrons in : (a) P, (b) Si, (c) 
Cr, (d) Fe and (e) Kr. 2.67 

Q: How many subshells are associated with n = 4 ?  How many 
electrons will be present in the subshells having ms value of –1/2 
for n = 4 ?



Q: (i) An atomic orbital has n = 3. What are the possible values of 
l and ml ? 

(ii) List the quantum numbers (ml and l ) of electrons for 3d 
orbital. 

(iii) Which of the following orbitals are possible? 
1p, 2s, 2p and 3f

(iv) What is the lowest value of n that allows g orbitals to exist?


