
 
 

 

INFRARED ABSORPTION SPECTROSCOPY 
IR radiation refers to broadly to that part of the electromagnetic spectrum between the visible 

and microwave region i.e . 4000-667cm-1(2.5-1.5µ) 

NEAR IR   0.8-2.5 µ (12500-4000cm-1)  

MID IR     2.5-1.5 µ (4000-667cm-)  

FAR IR     1.5-200 µ (-667-50cm-1) 

 

The absorption of ir radiation can be expressed in term of wavelength or in wave number (ʋ). 

Mostly ir spectra of organic compound are plotted as % transmittance vs wave number. (ʋ). 

Wave-number (ʋ). = 1 / in (cm)  

if wavelength is 2.5 µ= 2.5 X 10-4cm then wave number  = 1/ 2.5 X 10-4cm   =4000cm-1  

(1 µ = 10-6 meter =10-4cm) so wavelength in (cm-1) = 10000/ wavelength in micron µ. 

  

PRINCIPLE- The absorption of ir radiation cause an excitation of molecules from lower to 

higher vibrational leval. Ir spectroscopy or vibrational spectroscopy is concerned waith the study 

of ir radiadtion which result in vibrtional transition.  

Energy of molecules = translational + vibrational +rotational energy.  

The two atoms joined together by a chemical bond (may be single, double or triple bond), can be 

composed as two balls joined by a spring. The application of a force like STRETCHING of one 

or both the balls (atoms) away from each other or closer to each other (ii) BENDING of one of 

the atoms either vertically or horizontally and then release of the force results in the vibrations on 

the two balls (atoms). These vibrations depend on the strength of the spring and also the mode 

(stretching or bending) in which the force is being applied. We know that at ordinary 

temperature, molecules are in constant state of vibrations this is called natural frequency of 

vibration. When the frequency of incident electromagnetic radiations is equal to the natural 

frequency, the radiation is absorbed and vibrational levels of the molecule are excited and peak is 

observed.  

Criteria for a compound  to absorb IR radiation . 

1-Change in dipole moment 

2-Applied IR frequency = natural frequency of vibration.  

Otherwise compound don’t  give peak in I.R. 

 

Hooke’s law and Absorption of radiations 

The band positions in the IR spectrum are presented in wave numbers (  ) whose unit is the 

reciprocal centimeter (cm-1).  is proportional to the energy of vibration. 

 

∆E = hυ = hc / λ = hc  

 

 

Therefore, in principle, each absorption of radiation in the infrared region is quantized and 

should appear as sharp line. However, each vibrational transition within the molecule is 



Associated with number of rotational energy changes and thus appears as combination of 

vibratioal -rotational bands. 

The approximation to vibration frequency of a bond can be made by the application of Hooke’s 

law. In Hooke’s law, two atoms and their connecting bond are treated as a simple harmonic 

oscillator composed of two masses joined by a spring and frequency of vibration is stated as 

 
 

 

 

 
 

 

 

Where ʋ = the vibrational frequency (cm-1) 
c = velocity of light (cm/s)  
K = force constant of the bond (dyne/cm)  

m1 and m2 = masses of the two atoms 
The quantity (m1 m2) / (m1 + m2) is often expressed as µ, the reduced mass of the system. 
 
TYPE OF VIBRATION. 
  
 
 

 
 

 
 

 
 

 

 
 

 
 

 



(1) STRETCHING VIBRATION (2)- BENDING VIBRATION 
 
These are vibration in which bond length is altered i.e. increased or decreased. There are 2 sub 

types 

(a)- Symmetrical stretching. in which two bond. Increased or decreased in length 

symmetrically. 

(b) Asymmetrical stretching in which when one bond length is increased the other one 
decreases 
 
(2)- BENDING VIBRATION 
 

(a)  IN PLANE BENDING: in this vibration there is no change in bond angle. Bending of bonds 

takes place within the same plane. 

(i) SCISSORING: in which bond angle decreases. 

(ii) ROCKING: in which bond angle is maintained. But both bonds move within plane. 

 

(b). OUT OF PLANE BENDING:    outside the plane of molecules 

 

(i) WAGGING: in which both atom move to one side of plane. 

(ii) TWISTING: in which one atom is above the plane and the other is below the plane. 

 

 

 
 
 

 

 

Modes of molecular vibrations: 

If a molecules conatin n atom ,the total number of fundamental vibration can be expressed as 

 

  (3n-6); for non-linear molecules  

  (3n-5) linear molecule  

 
 
 



    
 

 DEGREE OF FREEDOM FOR (i) CO2, (ii) H20, (iii) C6H6 

 For CO2 - it is a linear molecules n=3 DOF=3x3-5=4,   for H2O= it is non linear So DOF=3 

 FOR C6H6 it is non linear n=12   3x12-6=30   So DOF=30 

  

 

FACTORS AFFECTING ABSORPTION BAND- 

1- VIBRATIONAL coupling (between fundamental bands). Actul band are called as 

fundamental and. 

-CH- bond . (1) stretching   -CH2- (2) stretching(s+a) 

  
When asymmetric vibration ocuurs at slightly higher wave number  compared to symmetric vibration known as 
coupled vibration. 
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