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As discussed, when an atom or molecule is brought into an 
electric field E , an electric dipole moment µ  is induced in the 
system. The magnitude of this induced dipole moment is 
proportional to the electric field, µ = α E where α is known as 
the polarizability.  
 



• Except for the case of spherical symmetry, the 
magnitude of the induced dipole moment 
depends on the direction of the electric field. 
For example, in case of a diatomic molecule, 
the induce dipole moment will be higher in 
magnitude when the electric field direction is 
along the inter-nuclear axis than that of the 
perpendicular to the inter-nuclear axis. 

 



Change in Polarizability 





Polarisability Ellipsoid of Hydrogen in two different orientations. 

In case of a diatomic and linear molecule, the induce dipole moment 
will be higher in magnitude when the electric field direction is along 
the inter-nuclear axis than that of the perpendicular to the inter-
nuclear axis.  

Polarisability Change during Rotation 



Classical theory Raman scattering: Rotational Raman   

Rayleigh Stokes Anti-Stokes 

α  0  

Polarizability should be changed during rotation 



• An oscillating electric field (incident photon) causes the 
molecule to have an induced dipole:  

  
 
 
 
 
 

•  

Classical theory Raman scattering : Vibrational Raman 

Rayleigh Stokes Anti-Stokes 

 0 



Thus, the polarizability must change linearly with vibrational motion 
for vibrational Raman scattering to occur. The greater the change, the 
more intense the Raman scattering. If α is unchanged or at a 
minimum/maximum, there is no Raman scattering. 

In order for a vibrational mode to be Raman active, the polarizability 
must change during the vibration, and for  a rotation to be Raman 
active, the polarizability must change as the molecule rotates in an 
electric field. 
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Quantum Picture of Raman scattering : Vibrational Raman 



Molecular Picture of Scattering Events 



-Q +Q 

+Q -Q 

+Q -Q Assymetric stretching mode 



Rotational Raman 

Stokes (-) anti-stokes (+)  

For Linear Molecules 
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Rotational Raman spectra of Diatomic Molecule 



Vibrational Raman Spectra 
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ϑ = 0 to ϑ = 1 transition  



Raman Spectra of CHCl3 



  



Mutual Exclusion Principle 

For molecules with a center of symmetry, no IR active 

transitions are Raman active and vice versa 
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The Vibrational Raman Spectra of Homonuclear 

diatomic molecules are of Special interest 

because they yield force constants and rotational 

constants that are not available from microwave 

and Infrared Absorption spectroscopy. 



Advantages of Raman over IR 

• Water can be used as solvent.  

•Very suitable for biological samples in native state (because 

water can be used as solvent). 

• Although Raman spectra result from molecular vibrations at 

IR frequencies, spectrum is obtained using visible light or 

NIR radiation. 

 =>Glass and quartz lenses, cells, and optical fibers can be 

used.  Standard detectors can be used. 

• Few intense overtones and combination bands => few 

spectral overlaps.  

• Totally symmetric vibrations are observable. 

•Raman intensities a to concentration and laser power. 



Advantages of IR over Raman 

• Simpler and cheaper instrumentation. 

• Less instrument dependent than Raman spectra 

because IR  spectra are based on measurement of 

intensity ratio. 

• Lower detection limit than (normal) Raman. 

• Background fluorescence can overwhelm Raman. 

• More suitable for vibrations of bonds with very low 

polarizability (e.g. C–F). 
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Raman Instrumentation 



Additional Material Related to Polarisability Ellipsoid 
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