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NMR spectroscopy is a form of absorption spectrometry. 

NMR Spectroscopy 

Most absorption techniques (e.g. – Ultraviolet-Visible and Infrared) involve the electrons… in the case of 
NMR, it is the nucleus of the atom which determines the response. 
 
An applied (magnetic) field is necessary to “develop” the energy states (produce a separation of the 
energy states) necessary for the absorption to occur. 



Application of NMR 

NMR is utilized widely not only Physics and/or chemistry but also medical 
diagnostics  (MRI) and so on. 

・ Physics 
    Condensed matter physics、Magnet, Superconductor、and so on  
・Chemical  
    Analysis and/or identification of material   
・Biophysics 
          Analysis of Protein structure 
・Medical 
          MRI (Magnetic Resonance Image)  

Brain tomograph  

For example; 



Why The Interest In Dynamics?  

• Function requires motion/kinetic energy 

• Entropic contributions to binding events 

• Protein Folding/Unfolding  

• Uncertainty in NMR and crystal structures 

• Effect on NMR experiments- spin relaxation is dependent 

on rate of motions  know dynamics to predict outcomes and 
design new experiments 

• Quantum mechanics/prediction (masochism) 
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Development of Energy States of Nuclei in an Applied 
Magnetic Field 

Spin ½ Nucleus = “Bar Magnet” 





Development of Energy States of Nuclei in an Applied 
Magnetic Field 

Spin ½ Nucleus = “Bar Magnet” 





Populations of the Energy States of Hydrogen Nuclei (Spin 
½ Nuclei) in a Magnetic Field 

Without an applied magnetic 
field, there is no division of 
energy states to discuss. 
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Development of Energy States of Nuclei in an Applied 
Magnetic Field 
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Potential energy, E, and the energy difference between two given states: 
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In general, the potential energy, E, of a given energy state/orientation is related 
to the magnetic quantum number by: 



Transition of Nucleus from One Energy State to 
Another 

Planck relationship, between ΔE and an applied radio frequency, ν0 is: 

0hvE 

00

0
00

0

0

0

2
or    

2

2

BEv

B
vB

h

B
h

v

h

E
v

































NMR: Relying on Radio Frequencies 
and Nuclear Precession 



NMR phenomenon 
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R1=1/T1 spin lattice relaxation 
time 
R2=1/T2 spin-spin relaxation time 


