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Optical Interactions 



Scattering 



Elastic Scattering 





Large particle 
scattering? 





Scattering, examples 



Inelastic Scattering 



Raman Spectroscopy 
Raman spectroscopy is the measurement of the 

wavelength and intensity of inelastically 
light from molecules. The Raman  scattered

scattered light occurs at wavelengths that are 
shifted from the incident light by the energies of 
molecular vibrations. The mechanism of Raman 

 infraredscattering is different from that of 
, and Raman and IR spectra provide absorption

complementary information. Typical applications 
are in structure determination, multicomponent 
qualitative analysis, and quantitative analysis.  

http://elchem.kaist.ac.kr/vt/chem-ed/spec/spectros.htm
http://elchem.kaist.ac.kr/vt/chem-ed/spec/vib/ir.htm
http://elchem.kaist.ac.kr/vt/chem-ed/spec/vib/ir.htm


Skoog, West 
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Please note that 

For a given molecule the energy shifts observed 
in a Raman experiment should be identical to 
the    energies of its infrared absorption 
bands, provided that the vibrational modes 
involved are active toward both infrared 
absorption and Raman scattering. 

Skoog , West 
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Theory 

Induced dipole moment: 



Theory , continued 



 



Raman Spectroscopy:  Classical Treatment 

•  Number of peaks related to degrees of freedom 
 DoF = 3N - 6 (bent) or 3N - 5 (linear) for N atoms 

•  Energy related to harmonic oscillator 
    

•  Selection rules related to symmetry  
 Rule of thumb: symmetric=Raman active, asymmetric=IR active 

Raman: 1335 cm–1  

IR: 2349 cm–1  

IR: 667 cm–1  

CO2 
 

σ or ∆σ =
c

2π
k(m1 + m2)

m1m2

Raman + IR: 3657 cm–1  

Raman + IR: 3756 cm–1  

Raman + IR: 1594 cm–1  

H2O  

dts@u.washington.edu 



Examples of Raman active and 
inactive vibrations in CO2 

 

The result is that there must be a change 
in polarizability during the vibration for 
that vibration to inelastically scatter 
radiation dts@u.washington.edu 

http://elchem.kaist.ac.kr/vt/chem-ed/spec/vib/graphics/co2vibes.gif


Using the group theory 

Molecules with center of  symetry 



Noncentrosymetric Molecules 



Raman Spectroscopy:  General 

•  IR and Raman are both useful for Fingerprinting 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

•  Symmetry dictates which are active in Raman and IR 
dts@u.washington.edu 





Depolarization ratio 

 



 



A Raman system typically consists of  four major 
components: 
 
1. Excitation source (Laser). 
2. Sample illumination system and light collection optics. 
3. Wavelength selector (Filter or Spectrophotometer). 
4. Detector (Photodiode array, CCD or PMT). 

A sample is normally illuminated with a laser beam in the 
ultraviolet (UV), visible (Vis) or near infrared (NIR) range. 
Scattered light is collected with a lens and is sent through 
interference filter or spectrophotometer to obtain Raman 
spectrum of  a sample. 

Instrumentation 



Instrumentation 

Sources 





Samples:    Gas, liquid, solid 





Raman mapping 

Part of  figure 16-11 



Applications, examples 



Raman Spectroscopy:  Dan’s trip to NTUF 

Flow Field Plate - Graphite 

From early literature on graphitic materials 
Tuinstra and Koenig, J. Chem Phys. 53, 1126 (1970). 
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Nanocrystalline graphite has graphitic (g)  
and disorder (d) peaks.  The characteristic  
dimension of graphitic domains is given by: 



Raman Spectroscopy:  Dan’s trip to NTUF 

Gas Diffusion Layers    
    (graphite paper) 
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Comparison 
Advantages 
(Home work) 
 
Raman and IR spectrometry should be viewed 

as complementary techniques particularly 
for structural studies. 

 



Resonance Raman Spectroscopy  
In resonance Raman spectroscopy, the energy of 
the incoming laser is adjusted such that it or the 

scattered light coincide with an electronic 
transition of the molecule or crystal. When the 

frequency of the laser beam is tuned to be near 
an electronic transition (resonance), the 

vibrational modes associated with that particular 
transition exhibit a greatly increased Raman 
scattering intensity. This usually overwhelms 

Raman signals from all of the other transitions. 
For instance, resonance with a π-π* transition 

enhances stretching modes of the π-bonds 
involved with the transition, while the other 

modes remain unaffected.  



Raman and Flourescence 

Continued… 



Example 

 
بھ افزایش شدت اورتونھای ارتعاش  

 توجھ کنید Mo-Moاصلی 



Raman and Flourescence 





Continued… 



Consider again equation 16-1 









To determine the optical characteristics of the 
atmosphere,…. 
Many of the laser-based methods in such studies 
are based on radiation scattering.  
Many of theses are called  
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