JOURNAL OF MAGNETIC RESONANCE, Series A 117, 53—61 (1995)

The Dipolar-Correlation Effect on the Stimulated Echo.
Application to Polymer Melts
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The quotient of the amplitudes of the stimulated and the pri-
mary echoes generated by a three-pulse sequence is strongly af-
fected by dipolar coupling if motional averaging is incomplete.
This effect can be experimentally discriminated from echo attenua-
tion by relaxation and diffusion. A method is established on this
basis which permits studies of molecular order and dynamics. The
time scale is particularly long and is limited only by spin-Iattice
relaxation. A theory is presented which links the echo amplitudes
with the dipolar-correlation function. The echo attenuation curves
have been calculated for correlation functions decaying according
to exponential and power laws. The results are compared with
experimental data of entangled poly (ethylene oxide) and poly (di-
methylsiloxane) melts. It is shown that power-law correlation
functions are a suitable basis for the description of the observed
phenomena. © 1995 Academic Press, Inc.

INTRODUCTION

The stimulated echo (1) following a sequence of three
RF pulses with flip angles of preferably 90° is normally
considered under motional narrowing conditions. The ap-
pearance of adistinct echo of this sort requires an inhomo-
geneous external magnetic field, but dipolar interaction
among the spin-bearing particles is averaged out in the
NMR time scale. Under such circumstances, the attenua-
tion of the echo is a matter of transverse and longitudinal
relaxation (1), translational (particle) diffusion (2),
and—in the special case of very long polymers— poten-
tial spin diffusion (3).

The purpose of this study is to show that there are addi-
tional phenomena affecting the amplitude of the stimulated
echo if the secular part of dipolar interaction is not com-
pletely averaged out in the evolution intervals of the stimu-
lated-echo pulse sequence. Thisis of particular interest with
anisotropic media such as polymers and liquid crystals. A
promising perspective is that a method can be established
on this basis permitting usto record dipolar-correlation func-
tions up to extremely long times merely limited by the spin—
lattice relaxation time T,.

In the following, we consider the pulse sequence

(77/2))(. ceTyt e .(7-(-/2)7)(. CeTyt e .(pr_ echo). .
(12— 71)s = (w/2)y+ - =71+ - - (stim. echo) [1]

in the presence of a gradient G = VBy(r) of the externa
magnetic-flux density B,. The subscripts of the RF pulse
symbols represent the rotating-frame direction of the RF
amplitude B;. The only echoes of interest here are the pri-
mary echo and the stimulated echo. All other Hahn echoes
(1) will not be considered.

For simplicity, we begin with the density-operator trest-
ment of a representative pair of two equivalent spins 3, |,
and I,. With respect to the formation of echoesin the course
of the pulse sequence, this restriction to two-spin systems
causes no loss of generality. However, the final conclusions
concerning the dipolar-correlation effect refer to large sys
tems consisting of N > 1 spins so that the central-limit
theorem (4) for the probability density of the dipolar fre-
quency offsets can be applied (5).

The local rotating-frame Hamiltonian is composed of an
RF term, Hge, a second term representing the local field-
gradient offset, Hy, and the secular part of dipolar coupling,
HE,

H = HRF + Hg + H(O), [2]

where
Hg = —hy(G-r)(le + ) = —AQ(r)(Ie + 1) [3]
and

H((jo) = ﬁQd(Ikzllz — %Ik' ||) ~ ﬁlekzllz- [4]

The dipolar coupling constant (in angular-frequency units)
is defined by Q4 = 3uey®h (1 — 3 cos?dy)/(8nr ), where
ry and 8 are the polar coordinates of the internuclear vector.
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