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SIR CHANDRASHEKARA VENKATA RAMAN

Sir C.V. Raman was an Indian physicist who made ground-breaking works

in the field of light scattering. With his student K.S. Krishnan, he discovered

experimentally that when the light traverses a transparent material, some

of the scattered light have wavelength and amplitude other than the

incident light . This phenomenon was a new type of scattering of light and

was subsequently known as the Raman effect.

Born: 7 November 1888, Thiruvanaikoil, Tiruchirappalli
Died: 21 November 1970, Bengaluru
Awards: Fellow of the Royal Society (1924)
Matteucci Medal(1928)
Knight Bachelor, Hughes Medal, Nobel Prize in Physics (1930)
Bharath Ratna (1954)
Lenin Peace Prize (1957)



Raman effect:

The first experimental evidence for the inelastic

scattering of light by molecules of the liquid was

observed by Raman and Krishnan(1928).

Sir C V Raman found that when a beam of monochromatic light was passed

through organic liquids such as benzene, toluene, etc., the scattered light

consists other frequencies in addition to that of incident light. This is called

Raman scattering.

This type of scattering is called incoherent scattering as there is an exchange

of energy and a change in the light's direction.



Raman lines: (Stokes’ and anti-stokes’ lines)

In the spectrum of the scattered radiation, a number of lines of different 

frequencies than that of incident frequency(𝜈) were observed. 

The spectra of scattered radiation consist

frequencies 𝜈-𝜈m and 𝜈+𝜈m., where 𝜈m is the

rotational or rotational-vibrational frequencies

of molecule.

The spectral lines of scattered light with

modified frequencies (𝜈-𝜈m) less than incident

frequency (𝜈) are called Stokes’ lines

The spectral lines with modified frequencies

(𝜈+𝜈m) greater than incident frequency (𝜈) are

called anti-stokes’ lines.

These modified lines are called Raman lines

𝜈s=𝜈-𝜈m 
𝜈s=𝜈+𝜈m 



Experiment to study Raman effect:

The container C of the liquid consists of a glass

tube of 1-2 cm in diameter and 10-15 cm long

One end of the tube is drawn out into a shape of

horn(H) and blackened outside to provide a

suitable background.

The other end of the tube is closed with

optically plane glass plate called window (w).

The tube C is surrounded by a water jacket J in

which cold water is circulated to prevent over

heating of the liquid.

S is the mercury arc source. F is the filter which

allows blue radiation of wavelength 4358 Å to

pass through it.



Experiment to study Raman effect(contd.)

Slightly acidulated quinine sulphate solution contained in a glass vessel

is used as filter.

The semi-cylindrical aluminium reflector R enhances the intensity of

light falling on the tube C.

The tube C consists dust free and pure benzene.

The scattered light emerges out off window w passes through the slits

and lens L and focussed on the spectrograph having large light

gathering power and prism of high resolving power.

Result: The frequency shifts of Raman lines produced with benzene

correspond to an infrared wavelength 3.27μ.



Explanation of Raman effect based on quantum theory:

According to quantum theory, a beam of monochromatic light of frequency 𝜈 has

photons or quantum of energy h𝜈.

The Raman effect may be regarded as the outcome of the collision between the

light photons and molecules of the substance.

When the photon interacts with a molecule of the substance, three things will

happen.

❖A molecule might merely deviate the photon without absorbing its energy

which results in the appearance of unmodified line (Rayleigh scattering) in the

spectrum of scattered radiation.

❖A molecule might absorb energy from the photon so that scattered photon

now has less energy and its frequency decreases. This results in the Stokes’

lines in the spectrum of scattered radiation.



❖A molecule itself being in the excited state imparts some of its energy to the

photon. Hence the energy and frequency of the incident photon increases

resulting in the appearance of anti-stokes’ line in the spectrum.

Expression for frequency of scattered radiation:

• Let E1 and E2 be the intrinsic energies of molecule in the ground and excited

states respectively. Let v is the velocity of the molecule.

• Let h𝜈0 is the energy of incident photon and h𝜈I is the energy of scattered

photon.

• Consider there is no change in the temperature of the scattering molecule.

Hence the kinetic energy of a molecule remains constant during the collision.



From the conservation of energy principle to the collision

• E1 + h𝜈0 + ½ mv2 = E2 + h𝜈I + ½ mv2 (since the change in the velocity of

the molecule is negligible)

• E1 + h𝜈0 = E2 + h𝜈I

• h𝜈I = E1 - E2 + h𝜈0

• 𝜈I =
E1−E2

h
+ 𝜈0 =

h𝜈m

h
+ 𝜈0 ----------(1) where E1 - E2 = h𝜈m

• Frequency of scattered radiation= 𝜈I = 𝜈0 ±𝜈m (- for stokes’ lines and + for anti-stokes’ lines)



Origin of stokes’ and anti-stokes’ lines: 

If the molecule of the substance only deviates the

photon and does not absorb energy from it, then,

(E1=E2) and 𝜈I = 𝜈0 which is unmodified frequency. This

collision is elastic and analogous to Rayleigh

scattering.

If the molecule in the lower energy state E1 absorbs

energy from the incident photon and takes transition to

higher energy state(E2), then the energy of the photon

decreases, and frequency of the scattered photon is 𝜈I

= 𝜈0 – 𝜈m. This results in Stokes’ lines.

If the molecule is in the higher energy state and imparts

its energy to the incident photon then the energy of the

photon increases and frequency of scattered photon 𝜈I =

𝜈0 + 𝜈m which results in anti-stokes’ lines.



Intensity of the Raman lines:

● The Stokes’ lines are always more intense than

corresponding anti-stokes’ lines.

The number of molecules in the lower energy state is

always greater than number of molecules in the higher

energy state at room temperature. The Stokes’ lines are

caused by molecules in the lower energy states. Thus

the Stokes’ transitions being more frequent than the

anti-stokes’, Stokes’ lines are more intense.

● The intensity of anti-stokes’ lines increases as the

temperature of the substance increases.

As the temperature increases the number of molecules

in high energy state increases. Hence the intensity of

anti-stokes’ lines increases as anti-stokes’ lines are

caused by molecules in the excited states.



Polarisation of Raman lines:

Depolarisation factor ρ =
Intensity due to perpendicular component (I⊥)

Intensity due to parallel component (III)

I⊥ and III are the intensities of the scattered light polarized perpendicular and

parallel to the incident light respectively.

● The depolarisation factor varies from 0 to 0.86 for the vibrational Raman lines.

It is constant and equal to 0.86 for rotational lines.

● Sharp and strong lines are characterised by low depolarization factor, while

diffuse and weak lines by high polarisation factor.



● Polarisation of the Raman lines is decided by the symmetry of

oscillation. Hence molecules with similar structure show Raman lines

having same depolarisation factor.

● With circularly polarised incident light part of the Raman lines are

circularly polarised in reverse direction and part circularly polarised

in the same direction as that of the incident light.

● For completely plane polarised light, I
⊥

= 0, So ρ = 0 and for

unpolarised light I⊥ = III , hence ρ = 1

● If ρ<0.75 the vibration can consider to be polarised and is totally

symmetric in nature. If ρ is equal or greater than 0.75 then the

vibration can be considered to be depolarised and is non-symmetric

in nature.



Applications of Raman effect:

• It is used in the study of the structure of molecules, the masses of the atoms

and strength of the chemical bonds between the atoms.

• The observation of Raman spectra have led to the important conclusion

regarding the liquid state viz., thermal motion of liquid molecules is neither

fully disorganised as in case of molecules in gas nor fully organised as in

case of solid.

• The Raman effect offers the information concerning the strength and nature

of the forces which hold the crystal together.

• Raman effect has been applied to study the certain aspects of nuclear

physics such as the spin, isotropic constitution of the nuclei.



Applications of Raman effect:

• While Raman spectroscopy under standard conditions tells us about the

chemical composition of a sample, polarised Raman spectroscopy can

provide further information, such as the symmetry of vibrational modes,

and the orientation of the sample.

▪ Raman effect affords an ideal method for investigating the phenomenon of

electrolytic dissociation.

• It can be used to rapidly characterise the chemical composition and 

structure of a sample, whether solid, liquid, gas, gel, slurry or powder.



• Ask the right questions, and nature

will open the doors to her secrets.

• It was poverty and the poor

laboratories that gave me the

determination to do the very best I

could.

• If someone judges you, they are

wasting space in their mind. Best part,

it’s their problem — Sir C V Raman


