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The Raman Effect

First published observation:
"A new type of Secondary Radiation”

C. V. Raman and K. S. Krishnan
Nature, 121, 501, March 31, 1928

Nobel Prize in Physics 1930
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Rayleigh
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frequency of incident beam    (where ν0 (UV-Vis)  > νm (IR))  =oν

vibrational frequency of molecule=mν

A. Smekal, The quantum theory of dispersion, 
Naturwissenschaften, 11, 873 (1923).

G. Landsberg and L. Mandelstam, A novel effect of 
light scattering in crystals, 
Naturwissenschaften, 16, 557 (1928).  

Lord Rayleigh 
(1842-1919)

C. V. Raman 
(1888-1970)

http://en.wikipedia.org/wiki/File:John_William_Strutt.jpg�
http://en.wikipedia.org/wiki/File:CVRaman.jpg�


Raman, IR
532 nm (green light)  corresponds to  2.33 eV. 

ν(H2) = 4160.2 cm-1 corresponds to 0.51 eV



Raman, IR

Very 
strong

Weak Very 
weak



Remote Raman+LIBS System  (UH)

Schematics of Integrated Remote Raman+LIB System

Key Components:  
(a) Laser  (excitation of the sample)
(b) Collection optics (pick up scattered photons)
(c)  Notch filter  (remove Rayleigh Scattering)
(d) Spectrograph  (disperse spectrum into wavelengths)
(e)  Detector  (record image/spectrum)

Coaxial directly coupled system



Remote Raman+LIBS System (532 nm)

8” telescope

ICCD

Dual pulse laser

Pan & Tilt

VPH spectrograph

Pulse generator

Laser power supply

ICCD controller

Computer

Beam expander

Pan & Tilt 
power supply
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Raman spectra

* Stokes bands are much stronger than anti-stokes.  
*  Both have same pattern
*  Anti-stokes band have no fluorescence background.



Polar molecule (water:  has a permanent dipole moment)

A water molecule. A molecule of water is polar because 
of the unequal sharing of its electrons in a "bent" 
structure. A separation of charge is present with negative 
charge in the middle (red shade), and positive charge at 
the ends (blue shade).

http://en.wikipedia.org/wiki/Electric_dipole_moment

Non-polar molecule

* In the presence of external electric field there
is an induced dipole moment due to movement 
of electrons.



Raman Scattering
• involves polarizability (α) of a molecule (induced dipole)
• the electric field of the molecule oscillates at the frequency of the 
incident wave (emits E.M. Radiation)
• if induced dipole is constant, scattering is elastic (Rayleigh-Mie)
• if induced dipole is not constant, inelastic (Raman) scattering is allowed



Electric field of an electromagnetic wave of frequency ν0 :

E = E0 Cos 2πν0t (i)

induced dipole moment p = α E = α E0 Cos 2πν0t (ii)

α = Molecular polarizability
Where the polarizability α is defined as the ratio of the induced dipole moment  of an atom or molecule to the electric field
that produces this dipole moment.

Polarizability can be expressed as : α = α0 +∑i (δα/δQi)ΔQi + higher order terms (iii)

Where α0 is the polarizability of non-vibrating molecule; and ΔQi is the internuclear distortion accompanying the motion of 
normal vibration i.

δα/δQi = Change in polarizability due to normal vibration i. 

Since molecule is vibrating

ΔQi = Q0 Cos 2πνit (iv)

p = α0E0 Cos 2πν0t + E0Q0 ∑i (δα/δQi) Cos 2πν0t Cos 2πνit

or

p = α0E0 Cos 2πν0t + E0Q0 ∑i (δα/δQi) [Cos 2π (νo- νi)t + Cos 2π (νo+ νi)t] (v)

If δα/δQi is not zero, the vibration will be Raman active

Raman Activity – Classical Approach

•α is defined as a constant called the polarizability of the molecular bond. This constant measure the 
molecules ability to move in response to a passing electric field. If the polarizability varies as a 
function of the distance between nuclei of the atoms in the bond, then the molecule is said to be 
Raman active



1. Vibrational energy is quantized
2. Zero point energy
3. Evenly spaced for harmonic oscillator

Important aspect of Quantum Mechanical approach:



1.  It is harder to compress the 
molecules than to stretch it.

2.  Too much stretch can break 
the bond: dissociation energy

3.  Overtone frequency is not 
exactly double.

The Morse potential (blue) and harmonic oscillator potential (green). Unlike 
the energy levels of the harmonic oscillator potential, which are evenly 
spaced by ħω, the Morse potential level spacing decreases as the energy 
approaches the dissociation energy. The dissociation energy De is larger than 
the true energy required for dissociation D0 due to the zero point energy of 
the lowest (v = 0) vibrational level. (Bond Energy)

http://www.nationmaster.com/encyclopedia/Morse-potential



1.  What is the amplitude of vibrational mode? (~1% of bond length)

2. What vibrational levels are occupied at room temperature?

(Hot bands:  transition from V = 1 to 2)

3. Anharmonic potential  (Morse potential) 

4. vibrational mode of HCl : is it just one frequency?

5.  How much energy is required for vibrational mode excitation?

6.  Effect of temperature  or high laser power.

Questions for discussion:



Q2:   What vibrational levels are occupied at room temperature?

(Hot bands:  transition from V = 1 to 2)

Questions for discussion:

Population in V= 1

Population in V= 0
=     exp (-ΔE/kT) = e -19.97

= 2.115 e -09

k = 1.38 x 10-23 J/K
T ~  300 K  (room temp)
kT = 4.14 x 10-21 J

= 4.14 e-21 / 1.6 e-19  eV = 0.0258 eV

E = h ν = 6.626 e-34 . ( c/λ) . = 6.626 e-34 J. s x 3 e10 cm/s x 4160 cm-1

(for Hydrogen)

Population in V= 1

Population in V= 0
=     exp (-ΔE/kT)

For I2 molecule ( 213 cm-1),  ratio is 0.36,  the transition from v = 1 to 2
Is observed :  called hot band.

(Which side will it be?)



4. vibrational mode of HCl : is it just one frequency?

(a) isotope effect
(b) hot bands

5.  How much energy is required for vibrational mode excitation?
(Infra-Red)

6.  Effect of temperature  or high laser power.
(heating of samples)

Questions for discussion:
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