




























































RAMAN SPECTROSCOPY
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When light interacts with a vibrating diatomic molecule, the indWhen light interacts with a vibrating diatomic molecule, the induceduced
dipole moment has 3 components:dipole moment has 3 components:

PhotonPhoton--Molecule InteractionsMolecule Interactions

Rayleigh scatter

Anti-Stokes Raman scatter

Stokes Raman scatter









1000 cm-1 a symmetrical in-plane ring 
deformation also known as 
a ring-breathing vibration
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Raman vs IR Spectra



Raman vs IR Spectra
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Raman vs IR Spectra

McCreeryMcCreery, R. L., , R. L., Raman Spectroscopy for Chemical Analysis, 3rd ed.Raman Spectroscopy for Chemical Analysis, 3rd ed., Wiley, New York: 2000, Wiley, New York: 2000



Raman and pearl

Lewis, I. R.; Edwards, H. G. M., Lewis, I. R.; Edwards, H. G. M., Handbook of Raman Spectroscopy: From the Research Laboratory to Handbook of Raman Spectroscopy: From the Research Laboratory to 
the Process Line, the Process Line, MarcelMarcel DekkerDekker, New York: 2001.0, New York: 2001.0



Ivory or Plastic?

Lewis, I. R.; Edwards, H. G. M., Lewis, I. R.; Edwards, H. G. M., Handbook of Raman Spectroscopy: From the Research Handbook of Raman Spectroscopy: From the Research 
Laboratory to the Process Line, Laboratory to the Process Line, MarcelMarcel DekkerDekker, New York: 2001., New York: 2001.
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Portions of the 
(a) IR and (b) Raman
(b) Spectra of
(E)-1,2-dichloroethene
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Advantages of Raman over IRAdvantages of Raman over IR
•• Water can be used as solvent. Water can be used as solvent. 

••Very suitable for biological samples in native state Very suitable for biological samples in native state 
(because water can be used as solvent).(because water can be used as solvent).

•• Although Raman spectra result from molecular Although Raman spectra result from molecular 
vibrations at IR frequencies, spectrum is obtained using vibrations at IR frequencies, spectrum is obtained using 
visible light or NIR radiation.visible light or NIR radiation.

=>Glass and quartz lenses, cells, and optical fibers =>Glass and quartz lenses, cells, and optical fibers 
can be used.  Standard detectors can be used.can be used.  Standard detectors can be used.

•• Few intense overtones and combination bands => few Few intense overtones and combination bands => few 
spectral overlaps. spectral overlaps. 

•• Totally symmetric vibrations are observable.Totally symmetric vibrations are observable.

••Raman intensities Raman intensities  to concentration and laser power.to concentration and laser power.



Advantages of IR over RamanAdvantages of IR over Raman

•• Simpler and cheaper instrumentation.Simpler and cheaper instrumentation.

•• Less instrument dependent than Raman spectra Less instrument dependent than Raman spectra 
because IR  spectra are based on measurement of because IR  spectra are based on measurement of 
intensity intensity ratioratio..

•• Lower detection limit than (normal) Raman.Lower detection limit than (normal) Raman.

•• Background fluorescence can overwhelm Raman.Background fluorescence can overwhelm Raman.

•• More suitable for vibrations of bonds with very lowMore suitable for vibrations of bonds with very low
polarizabilitypolarizability (e.g. C(e.g. C––F).F).


