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 Magnetic Resonance Spectroscopy. 



Nuclear Magnetic Resonance. 
II. 



Methods of Nuclear Magnetic 
Resonance 









Single-pulse experiment 
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Fourier Transform NMR 



Constraints on rf pulse 



Constraints on rf pulse 



Free-induction Decay 



Free-induction Decay 



Fourier Transform NMR 
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Spin-lattice Relaxation 



Spin-lattice Relaxation 

z 



Spin-lattice Relaxation 

F( 



Spin-lattice Relaxation 



Spin-lattice Relaxation 



Another Two-pulse 
Experiment: “The Spin-Echo”  



The Spin-Echo Experiment 



The Spin-Echo Experiment 



The Spin-Echo Experiment 



Random fields: Effects on dephasing of 
magnetizarion and spin-lattice relaxation 

    H(t)  = i  Hx(t)  +  j  Hy(t)  +  k  Hz(t)  
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Introduces broadening of 
energy levels and 
increases spectral widths; 
contributes to dephasing of 
magnetization. 
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Fourier components of these 
fluctuating magnetic fields at 
ωo induce transitions among 
these energy states and result 
in spin-lattice relaxation. 



Origin of random fields 

Any process that produces fluctuating magnetic fields 
• Magnetic field homogeneities (modulated by translational 

diffusion) 

• Dipolar fields produced by other spins (modulated by 
relative motions, including translational and rotational diffusion, and 
any dynamical physical/chemical process that affects the distances 
between spins) 

• Other interactions with a magnetic component 
     

    H(t)  =  (1/2π) ∫ a(ω) exp iωt dω 
 Contribution to spin-lattice relaxation rate (1/T1) 
             proportional to |a(ωo)|2 

                                                     at Larmor frequency 



Pulsed-Field Gradients 
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Pulsed-field gradients and phase encoding  
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so that  
ω(z) = ωo + γzG 
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Diffusion of small 
molecules (e.g., 
H2O) up and 
down sample 
rapid and 
dephases 
magnetization of 
these spins 

Macromolecules, 
e.g., proteins, 
diffuse much 
more slowly and 
their spins 
precess at ω(z).   

Sample: protein solution 

If after the spins of the small molecules have dephased, a reverse pulsed-
field gradient is applied, the magnetization of the spins associated with the 
macromolecules will be refocused.  A way to remove strong H2O signal. 





Pulsed-Field Gradients 



Pulsed-Field Gradients 



Nuclear Dipole-Dipole Interaction 



Nuclear Dipole-Dipole Interaction 



Nuclear Dipole-Dipole Interaction 



Solomon’s Equations 



Solomon’s Equations 



Solomon’s Equations 



Magnetization Transfer 



R ead in g  as s ig n m en t  
 
 E is en b er g  an d  C r o th er s  (E C ), C h ap ter  
13 , p p . 617-626. 
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