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ABSTRACT 

Structural elucidation is the determination of the chemical structure of chemically uncharacterised substances 

such as natural products. It is preceded by the extraction and isolation steps. It makes use of various 

chromatography techniques as well as spectrometric techniques.Structural Elucidation Plays important role in 

chemistry, physics and bio analytical approaches (Medicine, Life Sciences.etc.).This paper covers how Raman and 

IR spectrometry will complement each other to find the structure of Molecule. 
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INTRODUCTION 
 The paper deals with “combined approach” for structural elucidation of molecules, using the complementary 

approach of Raman spectroscopy and IR Spectroscopy. For a mode of vibration to be infrared (IR) active, it must 

give rise to a change in the molecular electric dipole moment. For a mode of vibration to be Raman active, it must 

give rise to a change in the polarizability of the molecule. For Centro symmetric molecules, the rule of mutual 

exclusion states that vibrations that are IR active are Raman inactive, and vice versa using the above advantage of 

Raman and IR Spectrometry we can find the structure of a molecule. 

Infrared Spectroscopy (IR): The term "infra-red" covers the range of the electromagnetic spectrum between 0.78 

and 1000 mm. It is useful to divide the infra-red region into three sections; near, mid and far infra-red. The most 

useful I.R. region lies between 4000 - 670cm-1. 

 

Table.1.Various regions of IR 

Region Wavelength range (mm) 

Near 0.78 - 2.5 

Middle 2.5-50 

Far 50-1000 

The number of normal modes of vibration of a molecule with N atoms is 3N, but 3 of these result in 

translation of the whole molecule in the x, y, and z directions, and 3 results in molecular rotations. Thus the 

molecule has 3N-6 normal modes of vibration. [3N-5 if the molecule is linear, since there is no rotation possible 

about the molecular axis.] The symmetry of each of the normal modes can easily be determined by Group Theory 

since the matrices that describe the atomic displacements have characters that form the basis for irreducible 

representations of the molecular point group. 

A normal vibration is defined as a molecular motion in which all the atoms move in phase and with the same 

frequency during it, the Centre of Gravity of the molecule remains unchanged since a molecule having N atoms has 

N-1 bonds out of the 3N-6/3N-5 vibrations N-1 would be bond stretching and 2N-5/2N-4 would be Deformation 

Vibrations. 

 When a normal molecular motion such as a vibration, rotation, or lattice mode or a combination, difference, 

or overtone of these normal vibrations results in a change in the molecule’s dipole moment, a molecule absorbs 

infrared radiation in this region of the electromagnetic spectrum. The corresponding frequencies and intensities of 

these infrared bands, the infrared spectrum, may be used to characterize the material. Infrared spectral information 

may be used to identify the presence and amount of a particular compound in a mixture. 
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Figure.1. Schematic representation of IR Spectroscopy 

Principle of Raman spectroscopy: When a material is illuminated, light will be scattered, reflected or transmitted. 

A very small part (1 in every 107photons) is scattered  in elastically and the resulting  radiation is called  Raman 

scatter. Specific bonds can be identified in both organic and inorganic materials, as they result in typical Raman 

signals. 

 
Figure.2.Energy diagram showing the basis of IR (red arrow) and Raman (other arrows) spectroscopy 

 

This technique is based on the fact that energy lost during the scattering of laser light contains chemical information 

about the irradiated material. 

 
Figure.3.Schematic representation of Raman spectroscopy 

 

Structural Elucidation using Raman and IR Spectroscopy: 

 Raman spectroscopy is an important complement to infrared spectroscopy.  

 Vibrational spectroscopy plays an important role in elucidation of molecular structure. A detailed analysis 

of its IR and Raman spectra provides an insight into intramolecular as well as intermolecular interactions.  
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 For a mode of vibration to be infrared (IR) active, it must give rise to a change in the molecular electric 

dipole moment. 

 For a mode of vibration to be Raman active, it must give rise to a change in the polarizability of the 

molecule. 

 For Centro symmetric molecules, the rule of mutual exclusion states that vibrations that are IR active are 

Raman inactive, and vice versa. 

 Predictions for Fundamentals of XY2 Type Molecule 

 

Table.2.Predictions for fundamentals of XY2 type molecules using point group theory 
Model Number of fundamentals 

allowed in IR 

Number permitted 

in Raman effect 

Number of Raman and 

IR coincidences 

Number of polarised 

Raman lines 

Linear Y-X-Y 2 1 0 1 

Bent X 3 3 3 2 

 Y    Y     

Linear Y-Y-X 3 3 3 2 

 

Example-CO2: 

 

Figure.4.The fundamental vibrational modes of CO2 

 

CONCLUSION 

Structure elucidation using Raman and IR spectrometry is a field of research with many success stories. With 

the help of other Spectrometry techniques spectrometry serves as a powerful tool for the elucidation of drugs, 

pesticides, metabolites, and complex chemical mixtures. 
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