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• Generalities









• Zeeman interaction









Populations of levels

Nm+1/ Nm = exp (-ΔE/kBT)

kBT ~ 10-21 j

hνNMR ~ 6.6 x 10-34 j.s x 106 s-1 =       

6.10-28 j

hνOPT. ~ 6.6 x 10-34 j.s x1015 s-1 =        

6.10-19 j

ΔENMR << kBT         

ΔEOPT. >> kBT



Distribution of the spins ½ assuming that we have 

two millions of spins. Of course generally there are 

more numerous



Normal polarization

Hyperpolarization





Precession of the magnetic moment around the 

magnetic field B0





Orientation and precession of nuclear spins (I = 1/2) at thermal 

equilibrium in a stationary magnetic field Bo that defines the z-

axis. In reality, the angle between the vectors and the z-axis is 

much smaller than is shown for illustrative purposes



• Spectrometer





Superconducting magnet



• NMR experiment







Pulsed NMR
A high power radiofrequency field B1 is applied to the sample for a short time (about 

microsecond). During this pulse the magnetization rotates in the rotating frame according 

to the equation 

ω1 = γ B1

at a rate proportional to the RF intensity

θ = ω1 tp = γ B1 tp











• Relaxation





The magnitude of the relaxation time depends highly on:

- the type of nuclei (nuclei with spin 1/2 and low 

magnetogyric ratio have usually long relaxation time whereas 

nuclei with spin>1/2 have very short relaxation time)  

- other factors like the physical state (solid or liquid 

state), the viscosity of the solution, the temperature ... etc. 

In other words the relaxation time depends on the motion of the 

molecule.

Definitions:

The correlation time -c (Tau-c): represents the time it takes for 

a molecule to reorient by 1 degree ("tumbling time").

The spectral density - J(w): describes the ranges of frequency 

motion that are present. Not all molecules tumbles at a unique 

rate: molecules tumbles, collide, change direction... at a range 

of rates up to the maximum rate of (1/ c). 



There are several relaxation mechanisms: 

Interaction Range of interaction (Hz) relevant parameters

1- Dipolar coupling 104 - 105

- abundance of magnetically 

active  nuclei

-size of the magnetogyric ratio

2- Quadrupolar coupling 106 - 109

- size of quadrupolar coupling 

constant

- electric field gradient at the 

nucleus

3- Paramagnetic 107 -108

concentration of paramagnetic    

impurities

4- Scalar coupling 10 - 103

size of the scalar coupling 

constants

5-Chemical Shift Anisotropy 

(CSA)
10 - 104

- size of the chemical shift 

anisotropy

- symmetry at the nuclear site

6- Spin rotation



Relaxation spin-lattice: transfert of 
energy from the system of spins to 
an acceptor of the lattice: 
rotations, translations, vibrations 
fluctuating in the domain of larmor 
frequencies

Relaxation spin-spin: destruction 
of the component MXY after a 
pulse.

Liquids: generally T1 =T2

Solids: Often T1  T2



Variation of T1 and T2 against 1/T.
Generally: In liquids T1 =T2; in solids  T1 T2





• Hahn Spin-echo  



Hahn spin-echo experiment





Spin-echo experiment



Spin-echo experiment





Spin-lattice T1 in NaBH4 vs 1/T showing a phase transition 

at about 190°K



Relaxation rate R1 versus T-1.  A- SBA-80: spin-rotation; 

B- Zeolite Omega:spin-rotation + dipolar contribution (cut-off 77K) 

C- Zeolite ZSM5: spin-rotation + dipolar contribution (cut-off 110K) ;                        

D- Zeolite Rho: two dipolar contributions



• End of the first lecture



Ethyl acetate







Spin-echo experiment




