
IR (Infrared) Spectroscopy, Introduction and Fundamental Modes of Vibration in Polyatomic 

Molecules 

 

  Introduction to IR Spectroscopy 

Infrared (IR) Spectroscopy is an analytical technique that measures how molecules absorb infrared 

light and convert it into vibrational energy. The resulting absorption spectrum reveals details about 

the functional groups and bond structures in a molecule. 

 

    Principle: 

When IR radiation passes through a sample, molecules absorb specific frequencies that match the 

vibrational frequencies of their bonds. The absorbed frequencies cause bond stretching or 

bending, which is detected and plotted as an IR spectrum (Intensity vs Wavenumber). 

• IR Region: 4000 – 400 cm⁻¹ 

• Wavenumber (cm⁻¹) is commonly used on the x-axis, inversely proportional to wavelength. 

 

      Applications: 

• Identification of functional groups (e.g., –OH, –C=O, –NH) 

• Structural elucidation of organic and inorganic compounds 

• Quality control in pharmaceuticals 

• Studying hydrogen bonding and molecular interactions 

 

      Fundamental Modes of Vibrations in Polyatomic Molecules 

Atoms in molecules are constantly vibrating, and these vibrations are classified as: 

 

  1. Stretching Vibrations 

Movement along the bond axis: 

• Symmetric Stretching: Bonds stretch or compress simultaneously in the same direction. 

• Asymmetric Stretching: One bond contracts while another extends. 

   Higher energy compared to bending 

 

  2. Bending Vibrations (Deformations) 

Change in the angle between bonds: 

• Scissoring: Two atoms move toward or away from each other (in-plane). 



• Rocking: Atoms swing back and forth in the plane (in-plane). 

• Wagging: Atoms move up and down together (out-of-plane). 

• Twisting: One atom moves up while the other moves down (out-of-plane). 

   Lower energy than stretching 

 

     Degrees of Vibrational Freedom: 

For a molecule with N atoms: 

• Non-linear molecules: 3N – 6 fundamental vibrational modes 

• Linear molecules: 3N – 5 fundamental modes 

For example, H₂O (non-linear, N=3): 
3(3) – 6 = 3 vibrational modes 

 

 

 

    IR Active vs Inactive Vibrations 

• A vibration is IR active if it causes a change in the dipole moment of the molecule. 

• Symmetric molecules (e.g., O₂, N₂) are IR inactive despite having vibrational motion. 

 

  



Comparison Table: Stretching vs Bending Vibrations 

Feature Stretching Vibrations Bending Vibrations 

Definition Change in bond length between atoms Change in bond angle between atoms 

Direction of 

Motion 
Along the bond axis Perpendicular to bond axis 

Types 
1. Symmetric Stretching 2. Asymmetric 

Stretching 
1. Scissoring 2. Rocking 3. Wagging 4. 

Twisting 

Energy 

Requirement 
Higher energy Lower energy 

Spectral Region 
Appears at higher wavenumbers (e.g., 

3600–1500 cm⁻¹) 
Appears at lower wavenumbers (e.g., 

1500–400 cm⁻¹) 

IR Activity 
Often more intense if dipole change is 

strong 
Can be IR active, depends on 

symmetry and dipole 

Common 

Example 
O–H stretch in alcohols (~3300 cm⁻¹) CH₂ scissoring (~1465 cm⁻¹) 

 

 

 


