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7.2 Spin-Lattice Relaxation
of 13C Nuclei (71)
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Figure 7.1, Ay ks 1,
Evolution with time of the "Cff{' ~order P’ oCesr
0 longitudis f M of the

y = macroscopic magnetization, in the
et rotating coordinate system ', y', z.
A after a 90 pulse;
B: after a 1802 pulse. The wavy line
s, nlons_mex'-nxis of the rotating
'y coordinate system indicates the
b direction of the effective B field.
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A: Pulse sequence for determining the '*C spin-lattice relaxation time T} by the :‘uvcrsf:on mr{wery method “'flI:I
continuous 'H BB decoupling: 1803 — r — 903 - FID. (The pulse durations along the time axis are not to scale:
for 2 180° pulse p is several ps, whereas  is of the order of seconds.) !
B: The Vccpll::or di?gtams ato ssand the signals below them show, for five different values of r, the effects of spin-
lattice relaxation on M- and on the amplitudes of the signals obtained after applying a 903- pulse and performing

the Fourier transformation of the FID.
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Figure 7-3. 7:2)vith
22.63 MHz "C NMR spectra of ethylbenzene (1), recorded by the inversion recovery method (Fig. 7-2
r=1,5,10,15,30,50 and 100 s [1].
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Figure 7-5.
Effect of a 1503 pulse on the veetor

| the putse.

My My

dt = T '
My. = A e_tsz:(/})qbg"ij’)’JJ"’d’.L (7'8)

For 1 = 0 we have A = M. Taking logarithms of (7-8) gives:

InM, = InM, — 7{; (7-9)

and since / is proportional to M,

IO Inki= (7-10)
2
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Relaxation

T, relaxation occurs because of the presence of
natural magnetic fields in the sample that fluctuate at
the Larmor frequency--excess spin energy can flow
into the molecular surroundings or lattice

.

The rate of spontaneous relaxation of nuclear
spin orientations is practically zero.
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Figure 1.10. Relaxation of 13C. Magnetic fields produced by the proton magnetic dipoles are felt

by the 13C spin. These local magnetic fields are modulated by random Brownian motions, i.e..
ordinary thermal motion. For the proton on the same molecule as the !3C, random rotational
fluctuations of the molecule will cause the local magnetic field experienced by the 13C to fluctuate.
leading to relaxation of the 13C (innamolecular relaxation). Random translational motions of the
molecules in solution will cause the 13C to experience a fluctuating magnetic field emanating from
the proton on a neighboring molecule, thus causing inrermolecular relaxation of the 13C.

— The major source of these magnetic fields is magnetic nuclei in
motion or the process of Dipole-Dipole Relaxation (DD)

— Itinvolves the interaction of the resonating nuclear magnetic
dipole with the dipole of the nucleus in motion that causes the
fluctuating field of the lattice.
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SPIN-LATTICE RELAXATION

5§ B c-35] C-28&
.:Q{;1 |
-4
] i
c Hit gl 28
T T IR ?;E f\ el
b ssauma s it | (6|3 Ssineess omietay -
L Y SR | *'II\H_‘“‘ =i e Ti)
—— e N '\.._.,__—-"' e ;_*r

RELAXATION
L gmall Higher Lower
Molecules  TiEid- " Fleld
'r"
v L \Tq rf-"r
ol 4
1{1-1 L
T‘Et Tz :
102 | o Large molecules
P Polymers, proteins
& P
- P T,
10¢ | e
v, Solids
10° 1, = 10% a1 100 MHz
| | | 1 | | | | |

172 10" 10 10® 10F 107 109 108 105
T{correiation Ume)

Increasing vigcosity or molecular size —




st boww (5lae 9l 2uSuling 3y ooy Oy Olnl 2o g ools SRyl (ylojlw

Observation:

7, relaxation times are longest for small and
very large molecules.

7, relaxation times are lengthened by higher
field instruments, in general.

7, relaxation minima is shifted towards smaller
molecules on higher field instruments.

7. or correlation time is a measure of the
rotation and translational rates of molecules in

solution.
By definition this rate will approach zero in
highly viscous systems and solids.

Proton spin— lattice relaxation times depend on the distance
between the resonating nucleus and the nearest- neighbor
protons.

The closer the neighbors are, the faster is the relaxation -
shorter T,.

The two isomers (anomers) below may be distinguished by
their proton relaxation times:

<

% H;iseq
with more
distant
neighbors:
T,ofd.1s.

H, is ax and close
to the 3 and 5 ax
protons, T,0f 2.0 s
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Relaxation by Oxygen. The unpaired spins on O, make it
capable of causing proton and carbon relaxation by a dipolar
interaction. The effect is not large, but can be easily seen for the
quaternary carbons of phenylacetylene - e.g. the ipso

carbon 7] increases from 56 to 107 sec if the dissolved oxygen
is removed. This can be done by vaccum techniques, or more
simply by bubbling N, or argon through the sample for a
minute or two. Normally O, makes a contribution at the level
of 7] ca 50 to 100 sec. Since most 7 values are less than 20
sec, O, does not normally have much of an effect. Only very
long 7 values (>>20 sec) are significantly affected by

oxygen. 132 132 14 14
/i, 53 83 132 23
wf YW=y az ﬂ%h‘
NS W AET
Atmaspheric Og Degassed

Effect of LD relaxatiion Oy osygen

(@ T3'=T By LT

N

7

Ty

| ’ SN
(((W ‘@

Figure 1.9. Stove-in-a-house analogy to T; and T, relaxation. In (a). the house is not insulated. so

the energy emutted by the stove 1s lost to the surrounding environment (lattice) as fast as it is
dispersed throughout the house. In (b). the house is insulated so that the energy from the stove is
not dissipated to the surroundings nearly as fast as it equilibrates in the house.



