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NMR Spectroscopy 

 
Spectroscopy is the study of interaction of electromagnetic radiation with the matter (compounds).  
Electromagnetic radiation is the sum of perpendicularly oscillating magnetic field vector and electric field 
vector which propagate through space containing energy of wide range of frequencies or wave lengths called 
electromagnetic spectra. 
 
 

 
 
 

 
 

Spectroscopic techniques have been successfully used to determine the structure and functional groups of the 
organic compounds. 



 

 

 

 
Nuclear Magnetic Resonance (or NMR) is concerned with the magnetic properties of certain atomic nuclei. 
Microwave frequency of electromagnetic radiation is employed here. Typically, the nucleus of the hydrogen 
atom-the proton ( 1H NMR) and that of the carbon-13 isotope ( 13C NMR) of carbon.  Studying 1H NMR 
spectroscopy enables us to know the different types of hydrogen present in the organic molecule. 
 

Nuclear spin  
      We know that sub-atomic particles (electron, proton, neutron) can be imagined as spinning on  their axes. 

 
Spin angular momentum is characterized  by nuclear spin quantum number (I).  

 



 

 

  

      When I = 0 ,then the nucleus is NMR inactive and I > 0 then the nucleus is NMR active. 

              Principle of NMR spectroscopy 

                                                Any charged particle under motion generates magnetic field of its own. The proton 

behaves as a tiny spinning bar magnet.  

                                                                                                                                                                                                                                                    

         

        A proton can have two allowed spin states -1/2 and +1/2. Consequently in an external magnetic field Bo, the 

protons can only adopt two orientations with respect to an external magnetic field i.e.,                                                                                                                                                                     

1) aligned with the external magnetic field Bo (+1/2, the lower energy state)                                                                                                                        

2) opposed to the external magnetic field Bo (-1/2, the higher energy state) 

 

 



 

 

    

 

 

 

 

 

 

 

 

            

               



 

 

 

 

To understand the nature of nuclear spin transition                                                                                                    

, the analogy of a child’s spinning top is useful.                                                                                                                                                                                                                                                                                                                                                                 

Under the influence of earth’s gravitational field,                                                                                                                                  

the spinning top begins to precess about its axis.                                                                  
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