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Introduction to SpectroscopyIntroduction to Spectroscopy
Spectroscopy is the study of the interaction of Spectroscopy is the study of the interaction of 
electromagnetic radiation (light) with matter.electromagnetic radiation (light) with matter.



NMR uses electromagnetic radiation in the radio 
frequency range

� •Long wavelength, very low energy

� •Low energy has significant consequences:

� •Sharp signals (Good)

� •Poor sensitivity (Bad)

� •Longer experiment time (Bad)



Properties of Spin
Spin is a fundamental property of nature
� Any unpaired electron, proton, or neutron will possess a 
spin of ½

� Atomic nuclei, which are composed of protons and 
neutrons, may also possess spin

The spin of an atomic nucleus is determined by the number of 
protons and neutrons

� Atoms with odd number of protons will have spin� Atoms with odd number of protons will have spin
� Atoms with odd number of neutrons will have spin
� Atoms with EVEN number of protons and neutrons will 
not have spin

The value of the nuclear spin is defined by I, the nuclear spin 
quantum number and can have values of (I = 0, 1/2, 1, 
3/2, 2, 5/2, …)

A nucleus of spin I can exist in (2I+1) spin states. 



••All atomic nuclei can be characterized by a 
nuclear spin quantum number, I. I can be ≥0 and 
any multiple of ½

•Nuclei with I= 0 do not possess nuclear spin and 
consequently are termed ‘NMR silent’.

The Nuclear Magnetic Moment 

•All nuclei with I≠0 possess spin, charge and angular 
momentum P, resulting in a nuclear magnetic 
moment µ. 

µ= γP
Where γ is the gyromagneticratio of the nucleus.

Values of γγ can be positive or negative and determine the 
sense of precession and thus the direction of the magnetic 
moment. 





� The magnetic moment (µ)is a vector quantity that 
has both magnitude and direction

� •In the absence of an external magnetic field the 
magnetic moments (µ)are randomly orientated. 

Magnetic properties of atomic nuclei
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