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This study is concerned with the dipolar spin—lattice relaxation of the
quadrupole interacting spin system. Although the influence of the spin—lat-
tice coupling to the dipolar relaxation has been a subject of many investiga- i
tions [1-3] are still enough obscurities about the dipolar relaxation of less !
simple spin systems. The aim of this study is to find the dipolar spin—lattice
relaxation rates of spins with equally and unequally spaced energy levels.

The consideration is limited to the nuclear spins in the solid, which are sub-
jected to a high magnetic field and perturbed by interactions with the electric
field gradient tensor at their sites. Besides, it is supposed that the quadrupole
interaction is stronger than the mutual spin—spin coupling and that the do-
minant process of the spin—lattice relaxation is the coupling with the efg ten-
sor fluctuations,

The quadrupole interaction causes the line splitting in the NMR spectra,
but if the external magnetic field is strong enough, we can always find such
position of the efg tensor at spin site, with respect to magnetic field, that the
line splitting is smaller than the line broadening due to the spin—spin inter-
action. Hence, with changing of the crystal orientation in the magnetic field,
the unequally spaced energy levels can become nearly equidistant. We expect
that this will be reflected in the dipolar spin—lattice relaxation because the
spin—spin energy is sensitive to the level arrangement.

The hamiltonian which describes nuclear spins in the solid is

H=HZ+HQ+HD+H('2(r). (1)

The first term is due to the spin interaction with the external magnetic field,
Hg is the quadrupole hamiltonian, f{p describes the magnetic spin—spin in-
teraction and H¢(¢) is the spin— lattice coupling due to spin interactions
with the fluctuations of electric field gradient tensor.

In above mentioned approximation, all parts of the quadrupole hamilto-
nian can be neglected, except ng)which commutes with the Zeeman hamil-
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tonian and only that part of the dipolar hamiltonian is retained which com-
mutes with Hz + Hg). The truncated hamiltonian has the form

H=Hy + HP+ HS + Hy (). (2)

If the external magnetic field is strong enough, it is always possible to find
the crystal position in the magnetic field where the quadrupole splitting
vanishes or is smaller than the line dipolar broadening. Spin-energy levels be-
come nearly equidistant and the new hamiltonian can be taken as

H=Hg + HO ¥ Ho (). 3)

Here H}; ) commutes only with f{z and it differs from Hg

In the following step, the dipolar spin—lattice relaxation rates can be cal-
culated. The perturbataen HQ (£) can be devided into H (D= 22 ("‘)(r)
where [Hg, H (f)] =hwya H 8‘) (#) is valid and if the spin- temperature ap-
proximation is taken into account the dipolar spin—lattice relaxation time is
given by

gl 1 iHot1(0,8) ()
D e 3)][ e f dr Tr o [0, 1))

=
e=Ho? [1(-e) (0), O]

+ [ dr Tretfor [ 1)) e—iHef[H(Of(O),H(O’S)]]. (4)

The Zee?nan hamiltenian and the quadrupole part H¢0) are mutually inde-
pendent and if Hg) commutes with H() + Hg it also commutes with HLO)
and f, separately. In addition, the parts of the hamiltonian (2) which des-
cribe the quadrupole interactions, i.e. ng) and H'9" (#), are the sum of
terms acting on only one spin and rhey have the same spin operators. Then
H $) must commute also with H)' (7).

Hence the expression for the dipolar spin—lattice relaxation time of the
quadrupole interacting spin system with unequally spaced energy levels is

e e R R I L "

is determined by the dipolar spin— spm interaction {4] w . is the fre-
quency difference between the m th and m' th level and J ((D‘)) is the auto cor-
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relation spectral density of the efg tensor fluctuations. Supposing that the
quadrupole shifts of levels are much smaller than the Larmor frequency,
then expression (5) can be written as

Trp =10 (wp) + 1P (2wy). (5a)

Similar calculations can be done for the spins with equally spaced levels
which are described with the hamiltonian (3). Here, the dipolar hamiltonian
does not commute with H 'g)(t) and dipolar spin—lattice relaxation rate is

ki 2
Tii= [doo? G760+ le("‘)(w taw) @, (6)
—_—00 o=
or shorter
T =1'®(0) +1I'D (wp) +1'D(2ey). (62)

In contrast to the expression (5a) here is the term which describes the spin in-
teraction with the very slow efg tensor fluctuations.

This study shows that the experimental observation of the dipolar spin—
lattice times of the quadrupole interacted spin system makes possible to get
more information about motions in the crystals. With a suitable choice of a
crystal position in the magnetic field we can measure the dipolar relaxation
of the spins with equally and unequally spaced levels in the same sample and
information about slow and “fast” motions can be extracted from the ob-
tained data.

References

[1] J.Jeener, in: Advance in Magnetic Resonance, editor J.5. Waugh, Acad. Press, New
York and London (1968).

[2] M. Goldman, Spin Temperature and Nuclear Magnetic Resonance in Solids, Oxford
Univ. Press, London and New York (1970).

[3] J. van Kranendonk and M.B, Walker, Can. J. Phys. 46 (1968) 2441.

[4] 1. Stepifnik, Phys. Rev. (March 1973).



	Page 1
	Page 2
	Page 3

