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10.5 RELAXATION PROCESSES

agnetic radiation by a macros
all consider a system W

copic sample i

hose nuclei possess SP

Consider absorption of electrom
pcctively.

observe resonance. For simplicity we sh
Let n, and n, be the number of spins occupying the lower and upper states res

When the sample absorbs energy, and n, should change and the population difference
must decrease with time. Consequently, the electromagnetic enecrgy absorbed by the sampl.e
should also decrease and ultimately become zero. But the intensity of NMR spectrum 13
usually independent of time indicating a constant population difference. In other words,
there must be some mechanisra in the system which allows the spins occupying the upper
state to lose energy by non-radiative s and return to the lower state. The transfer

of energy from the spin system to ot is referred to as relaxation.

Two different relaxation processes are € In the first, the spins in the
s energy to t nomenon is
e required for the pop
0 is referred to as the spin-lattic
large range, being 1072
laxation, relaxation of spin can also
if initially the spins have 2

transition
her degrees of freedom
ommon for nuclet.

he surroundings (lattice). This phe
ulation difference to become

e relaxation time
— 10* s for solids

upper state transfer the exces
called spin-lattice relaxation and the tim
1/e times the population difference at ¢ =
or longitudinal relaxation time T}. T varies over a
and 10~* - 10 s for liquids. In addition to spin-lattice re

occur by a direct interaction of two spin states. Consequently,
common phase, the phases will become random in the course of time. The dephasing time

is known as spin-spin relaxation time or transverse relaxation time T,. For solids, 1-
s of the order of 10* seconds, while for liquids T, = Ti. The shape of the spectral lines
depends significantly on the relaxation time. When the relaxation time is very long, the lower

state is being repopulated at a slow rate resulting in saturation.
For the spin 1/2 system, let N be the total number of spins, n(0) and n(f) be the

population difference at time f = 0 and t = ¢ respectively. Then

dn,
P wn, - ony; = Oy — ny) = - On (10.8)
where o is the transition probability per unit time for induced absorption/emission. Since

n1+n2=Nandn]—‘n2=n,

_ 1 dn 1 dn
n = —(N + n), —1 ===
=W T s
From Egs. (10.8) and (10.9)
d
n_ _20n, n(f) = n() e (10.10)

dt
The time required for the value
time T,. Therefore,

n(r) to become n(0)/e is defined as the spin-lattice relaxation

1
(10.11)
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Nuclear Magnetic Resonay,

That is, the spin-lattice relaxation time is inversely proportional to the transition probak
per unit time for induced absorption.

10.6 BLOCH EQUATIONS
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