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Relaxation phenomenon in NMR  

When B1 is applied, Mz is partially transferred into the xy plane, and the magnetization is far from 
equilibrium (it should be aligned with B0). The system will evolve to get back to equilibrium (relaxation), and 
this can be translated in very simple equations (Bloch equation): 
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Longitudinal Relaxation 

Transverse Relaxation (T2: transverse relaxation time) 
  

T1: longitudinal relaxation time (spin-lattice relaxation).   
It is the time to return to equilibrium, and it corresponds to the time necessary 
between two experiments.  

T2: transverse relaxation time (spin-spin relaxation).   
It corresponds to the loss of coherence of the system, which leads to the 
disappearance of Mxy. Because Mxy is the only measurable magnetization, T2 
determines the line width according to the Heisenberg principle (! E! t>! ; !"! t 
# 1).  
Measuring precisely the energy (frequency) is linked to the time of 
measurement of the phenomenon. If T2 is fast, the time to measure is short 
and thereby the line width broadens. 
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Relaxation phenomenon in NMR: Origin and Mechanisms  

Dipolar coupling (DC). Interaction between adjacent spins (through space), it is the major source of 
relaxation for nuclear spin with I = " .  
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For a two-spin system I-S, the spin S induces a local 
field Bloc at the spin I, which can be expressed as 
follows: 
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Chemical shift anisotropy (CSA). Chemical shifts are anisotropic (orientation dependent). This 
relaxation mechanism is proportional to B0

2 and especially important for 15N, 19F, 31P and even 13C in high 
field experiment 

Relaxation phenomenon in NMR: Origin and Mechanism  

Scalar coupling (SC).  SC is isotropic, and therefore relaxation induced by SC necessitates a fluctuation 
of the SC constant (J). This can have several origins:  

 - chemical exchange (bond stretching, bond dissociation associated with a decrease or loss 
of J coupling).  

 - a fast relaxation of spin I can induce this of spin S, if two spins I/S are coupled,  

Rotational coupling.  The rapid rotation of molecules or of its fragments (methyl, trimethylsilyl…) is 
associated with a rotational magnetic moment. This induces a fluctuation of the local field, which induces 
a relaxation of the neighboring spins (it is usually a minor parameter, but this mechanism dominates for 
gases). 
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Quadrupolar  relaxation.  This is induced by spins having nuclear spins # " ( quadrupolar such 2H, 14N, Cl) 
and the interaction of the nuclei and the electric field gradient. No coupling constant is observed between 1H 
and 14N or 35Cl (exception can arise from spherical symmetry such as in NR4

+ because quadrupolar coupling 
constant are very small) 

 

Paramagnetism . This is a very efficient mechanism, because the interaction is very large (%e & 1000 %H), but 
it has a short distance range, and it can be exploited in certain experiments, e.g. paramagnetic ions (shift 
reagents) or O2. 

Relaxation phenomenon in NMR: Origin and Mechanism  

For spin ", the order of importance of relaxation mechanism is as follows: 
 

 Paramagnetism  >  Quadrupolar  >>  dipole-dipole  >  CSA  >  rotational coupling 
 
In most cases, one mechanism dominates. 

Overall: Wobbling field '  spin-lattice relaxation (T 1) 
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Relaxation phenomenon in NMR:  
Autocorrelation function and correlation time  

Non-coupled spins exposed to B0 and a varying Bx(t) 0)( =tBx

Bx
2(t) ! 0

Fluctuating fields 

Average: 

Magnitude: 

Description of a fluctuating field: Autocorrelation function 

0)()()( ≠+= τtBtBt xxG with ( = time interval 
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Relaxation phenomenon in NMR:  
Autocorrelation function and correlation time  

0)()()( ≠+= τtBtBt xxG

Property of the autocorrelation function: 
-! Independent of time (t), stationary conditions 
-! Spin independent fluctuating field (gross hypothesis) 
-! For small ( , Bx(t) & Bx(t+( ), but for large ( , Bx(t)Bx(t+( ) &0 (loss of memory)  

)()0( 2 tBx=Gwith 

)exp()( 2
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with ( c = correlation time 
( c = 10-12 s for tumbling 
molecule in liquids. 
 
It depends on physical 
parameters of the system 
such as the temperature, 
the viscosityÉ  
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Relaxation phenomenon in NMR:  
Spectral density  
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For fast fluctuation of the field, ( c is short and the spectral density is broad 

For slow fluctuation of the field, ( c is long and the spectral density is sharp 

)(2)( 2 !! JBx=J

Often normalized in J() ) 
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Relaxation phenomenon in NMR:  
Spin Lattice relaxation (T 1) 

Transition probabilities 
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Spin Magnetization along the z axis: 
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Relaxation phenomenon in NMR:  
Spin Lattice relaxation (T 1) 
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Relaxation phenomenon in NMR:  
Dipole-Dipole relaxation  

Major source of relaxation  
for nuclear spin with I = " .  
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For ( c = ca. 1 ns.rd-1, T2 decreases while T1 
increases.  
Therefore, to obtain a maximum T2 (better 
resolution) and minimum T1 (faster experimental 
time), it is best to have a small ( c (extreme line 
narrowing case).  
According to Stokes-Einstein Law, considering 
a spherical molecule of volume V, it is possible 
to express ( c as follows:  
 
 
 
k = Boltzman constant, T = temperature, *  = 
viscosity 
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Relaxation phenomenon in NMR: origins  

Dipolar coupling (DC).  
Note that: 
- when (C is close to the NMR time scale () 0(C = 2+" 0(C =1), 
relaxation is very efficient, the life time of magnetic states is 
short (minimum T1) and line width are large. 

 
'  For a molecule of MW < 2000 in a fluid solvent at room 
temperature; (C = 10-12-10-9 s ;  
Hence ) 0(C = 2+" 0(C << 1 '  extreme line width narrowing. 
 
'  as MW increases, the line width increases so that J 
coupling can disappear ! 
 
- the relaxation conditions are not the same for all nuclei, it 
depends on ) 0:  
line width of 13C NMR spectra are narrower than 1H NMR 
(because its frequency is lower and further away form the 
average frequency of molecular motion!). 
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Relaxation phenomenon in NMR: measuring T 1 
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Methods: realize multiple experiments with variable DE and look for no signal 
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Relaxation phenomenon in NMR: measuring T 1 
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Relaxation phenomenon in NMR: observing T 2 (spin echo)  
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Vector representation of spin echo: 
1)! Two uncoupled spins of different ,  

{loss of ,  + echo (– " +x)} 
2)! Refocalization of one type of spin in 

an inhomogeneous field 

+ - 

Echo 

Note: Signal intensity depends on T2 and its durability to an apparent T2 (T2*), which is due to Field 
inhomogeneity. Methods of measurement: T2, it is necessary to carry out multiple experiments with variable DE 
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Relaxation phenomenon in NMR: T 1 vs. T2. 

) 0 = 1 Hz 

) 0 = 1 Hz 

) 0 = 1 Hz 

Relaxation phenomenon in NMR has a direct effect on line shape: 2
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Magnetic Resonance Imaging (MRI) and the value of T2-Relaxation  
Magnetic resonance imaging relies on the high abundance of water (1H) in biological tissues and the different 
relaxation times T2 of hydrogen in biological environments. This gives rise to the contrast in MRI images. The 
sequence of eight MRI images shows 8 subsequent T2-echos. Note the decreasing luminosity (~ signal 
intensity) of the pictures. 
                                                                                                                                             
  

Relaxation phenomenon in NMR, an application: MRI  

The echos are generated with the Carr-Purcell-Maiboom-Gill pulse sequence.  

The T2 values depend on the type of tissue 
and allow the rapid detection of tumors or 
other degenerative processes. 

Time for one complete pulse sequence 0.3 seconds. Total 
measurement time 11 minutes. Bo = 1.5 Tesla. 


