
Introduction to Rotational Spectroscopy 

What is Rotational Spectroscopy? 

Rotational spectroscopy is a branch of spectroscopy concerned with measuring the 

energies of transitions between quantized rotational states of molecules, primarily in 

the gas phase. These transitions typically occur when molecules absorb or emit 

electromagnetic radiation in the microwave or far-infrared regions. 

Why Study Rotational Spectroscopy? 

 It provides precise information about molecular structure, including bond 

lengths and angles. 

 It helps determine molecular properties such as electric dipole moments. 

 It is widely used to identify and analyze gas-phase molecules, including those 

found in interstellar space. 

Basic Principles 

 Molecules can rotate about axes, and these rotations have quantized energy 

levels described by the rigid rotor model. 

 Molecules with a permanent electric dipole moment can absorb microwave 

radiation, causing transitions between rotational energy states. 



 The rotational energy levels depend on the molecule's moment of inertia and 

are described by quantum numbers. 

The Rigid Rotor Model 

 Simplifies a diatomic molecule as two masses connected by a fixed bond 

rotating around their center of mass. 

 The energy levels are given by: 

EJ=BJ(J+1)EJ=BJ(J+1) 

where J=0,1,2,…J=0,1,2,… is the rotational quantum number and BB is the 

rotational constant related to the moment of inertia. 

Selection Rules 

 For a rotational transition to occur, the molecule must have a permanent dipole 

moment. 

 The primary selection rule is ΔJ=±1ΔJ=±1, meaning transitions happen 

between adjacent rotational levels. 

Types of Molecules in Rotational Spectroscopy 

 Linear molecules: rotational energies and transitions are well described by the 

rigid rotor model. 



 Symmetric and asymmetric tops: more complex rotational behavior, often 

requiring advanced analysis. 

 Non-polar molecules do not exhibit pure rotational spectra detectable by 

microwave absorption but may be studied by Raman spectroscopy. 

Applications 

 Determining molecular geometries and bond lengths. 

 Measuring molecular dipole moments. 

 Investigating isotopic variants and abundances. 

 Astrophysical studies to analyze interstellar molecules and their 

environments. 

 


