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The measurement of indirect coupling
and chemical shift using spin echoes

by J. G. Powles and A. Haktland

Physics Department, Queen Mary College (University of London),
Mile End Road, London, E.l

Resume.

On presente une methode de mesure de l'interaction indirecte (J) et du depla-
cement chimique (8) par echos de spin qui est beaucoup plus precise que la methode
classique [1, 2], Les effets de diffusion dans l'inhomogeneite du champ magnetique
fixe sont diminues en utilisant une Serie speciale de pulses [3, 5], ce qui permet
l'observation de plusieurs periodes de modulation de l'amplitude des echos. De
cette maniere l'exactitude de determination de J est beaucoup augmentee et
il est possible que l'exactitude soit superieure ä celle atteinte par des spectro-
graphes actuels.

It has been known for some years [1, 2] that in the magnetic resonance

spin echo experiment [3] the amplitude of the echo is modulated if neither
the chemical shift (8) nor the indirect coupling (J) between a pair of nuclei

are zero. However the method has received very little attention since

that time [4] because the accuracy of measurement, especially of J value
is very low. This is because of the considerable attenuation of the signals
due to self diffusion effects [3, 5]. In the 90°, t, 90° pulse sequence giving
an echo at 2t measured by multiple exposure for variable t it turns out
that for usual J values (say 5 c/s) only a small part of the J modulation can
be observed. This is illustrated in figure 1(a).

It occurred to us to reduce the self diffusion attenuation in the well
known manner [5] by use of 90°, t, 180°, 2t, 180° pulse sequences.
If there are n echoes in a given time the exponent of the exponential decay
factor is reduced by the factor n2. Even using two echoes in a given time
rather than one gives a very considerable reduction in attenuation as

shown in figure 2 (b).
The expressions for the echo amplitude, A (t), are simple when J « 8.

For a pair of single chemically shifted nuclei of spin I, both subject to
the pulses for a 90°, t, 90° sequence [1, 2],
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Flg. 1.

Captions to Figures.
1. Single exposure photographs of echo amplitude modulation for the 90°, t,

180°, 2t, 180° pulse sequence.
(a) Methyl alcohol at — 71° C, J 4.95 ± 0.05 c/s.
(b) Ethyl alcohol at 25° C, J 6.93 ^ 0.10 c/s.
(c) iso-Propyl alcohol at 23° C, J 6.15 - 0.15 c/s.
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A (i)/A (0) | 1 — i (1 — cos TT Ji) (1 — cos 7c S t) | (1)

where t 2t.
For a 90°, t, 180° sequence [6],

A (t)jA (0) | cos 7i it | (2)

In fact for any echo at time t in a 90°, t, 180°, 2t, 180° sequence equation

(2) is valid [9]. Thus in the first case the amplitude depends on

both 8 and J and in the second on J only.
For more complex groupings it can be shown [9] that when J « 8 the

amplitude modulation is obtained by taking the high resolution spectrum,
suppressing the chemical shift and taking the Fourier transform. Thus
for methyl alcohol (with J coupling to the hydroxyl proton) we have

A W/A (0) - 15 COS 77 J t + COS 3 77 J t 0.94 COS 7V JI (3)

For ethyl alcohol (with J coupling to the hydroxyl proton removed

by exchange) we have

A (0/A (0) - 5 + 3 cos tc J t + 3 cos 2 77 J + cos 3 tt it (4

For iso-propyl alcohol (with J coupling to the hydroxyl proton removed

by exchange) we have

1

a(0/a«D=^6142 192 cos tc it + 15 cos 2 t. it + 6 cos 4 n it + cos 6 77 it
0.16 + 0.75 cos 7i it 5

These cases are shown in figure 1 [8] which are single exposure
photographs and show the modulation of equations 3, 4 and 5 apart from an

exponential decay due to T2 with J values close to those found in the
literature. We emphasise that these are not Fourier transforms of the
high resolution signals which would be observed in a Bloch decay or a

wiggles [7] experiment. We emphasise also that in the 90°, t, 90°

experiment modulation barely to the first minimum in figure 1 is

observed [1, 4]. The accuracy of determination of J is therefore
enormously improved in our experiment.

We have found that the 8 value can be obtained satisfactorily for the
usual 90°, t, 90°, variable t experiment since usually 8 » J. More interest
attaches to the accurate determination of J since it is often a small
interaction which may not be well resolved in the usual steady state high
resolution experiment.



TIME OF FIRST ECHO IN SECONDS.

TIME OF SECOND ECHO IN SECONDS.
Fig. 2.

2. Echo amplitude modulation from multiple shot experiments in 2-bromo-
5-chloro-thiophene at 25° C, (a) the first echo and (b) the second echo of a
90°, t, 180°, t, Echo^ t, 180°, t, Echo2 sequence. The theoretical curves are
for 8 3.97 c/s and J 3.87 c/s without attenuation.
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When J is not much less than 8 the situation is more complex and,

the 90°, t, 180°, 2t, 180° echoes depend on both 8 and J and of course

on t. However both J and S may be determined. Figure 2 [8] shows

our result for the classic case [1] of 2-bromo-5-chloro-thiophene for which
we find J/S 0.98 at 21.5 Mc/s. The modulation patterns for the first and
second echoes are shown in figure 2 and are compared with theory [8].
Unfortunately the sample was found to contain a proportion of protons not
in the thiophene which loads the signal. On allowing for this the excellent

agreement shown in figure 2 (b) is obtained. We also find agreement for
the third echo [9],

We have also observed echo amplitude modulation in n-propyl alcohol,
n-butyl alcohol, 1,1,1,2-telrachloropropane and 1,1,2-tribroinoethane.

We have so far failed to find modulation in 1,1,2,3-tetrachloropropane,
propargyl bromide, 2,3-dichloronitrobenzenc, 2,5-dichloronitrobenzene, and

2/i,5,G-tetrachlorophenol. However only preliminary experiments have
been made on possibly rather impure materials and we have noted that
the appearance of modulation can be prevented by a number of factors.
These and other substances are presently being investigated.

While this method will evidently not replace the usual high resolution

experiment we feel it is of some interest because (a) only a moderately
good magnet is required and (b) there is no arbitrary limit to the accuracy
of measurement of J (and 8) values like the inhomogenety in the high
resolution experiment. The experimental limitation with the echo method
remains to be seen but we believe that our present accuracy of about ±. 2%
can be considerably improved upon.

A more detailed account of this work will be published elsewhere [8, 9].
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