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Proton magnetic resonance relaxation and self diffusion
in the primary alcohols at 25° C.

J. G. Powles and D. Cutler
Physics Department, Queen Mary College (University of London)

Resume.

On a mesure les temps de relaxation Tx pour un champ polarisant de 250 gauss
et T2 pour un champ de 0,73 gauss et le coefficient de diffusion (A) pour l'eau et
les alcools de CII3 Oll ä C8 H17 Oil ä 25° C. II y a une relation tres nette entre
T2 et A pour toute la serie: T2/A est constant. Ceci indique, puisque T2 depend,
en gros, du deplacement des chainons, que A en depend principalement aussi.
Done T2 n'est pas relie au deplacement du dipöle (— Oil) et Ton explique ainsi
l'absence d'une relation simple entre T2 et v (dielectr.) dans ces composes. On note
aussi un coinportement complique de T\ pour l'alcool methvlique et une difference
entre Tx et T2 pour l'alcool methylique et pour l'eau.

We have measured the proton magnetic resonance relaxation times
and T2 and the self diffusion constant A for a number of primary alcohols
and water at 25° C. The method used was a synthesis of the free
precession [1] and the echo techniques [2, 3] which has been described
elsewhere [4], The polarising field was 250 ± 25 gauss and so the
values refer to this field. There is no great experimental difficulty in
measuring long Tx values, even much longer than the few seconds reported
here, and we shall not dwell on this. Measurement of T2, which we have

performed in the earth's field slightly augmented by external coils (0.73

gauss or 3.1 kc/s for protons), is very difficult where T2 is several seconds

or longer because of diverse effects which nearly all tend to make T2 appear
shorter. We have been to considerable pains to remove these effects as

already described [4] and we believe that the T2 values reported here are
as accurate as the Tx values. This is of some importance in water and

methyl alcohol.

Tx is determined by measuring the magnitude of the nuclear polarisation
(M2) produced during a time t, by producing an echo at constant delay. If
M2 varies exponentially with time Mz M0 (1 — exp — f/Tx) which defines
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rl\ and we plol In [I — A (<)/A (x)] versus /. where A (/) is the eclio amplitude

for a polarisation time t. The slope of the line gives as in Figure 1

for ethyl alcohol at 25° C. In all cases reported here a straight line was
obtained except for methyl alcohol as shown in Figure 2. This curve does

not fit a decay of the form M, — ^ M0 (1 — exp — f/'I'ICH3) + T -^'o (' — exP

— </TioH) as might perhaps have been expected for methyl alcohol (CH3OH),

or indeed any sum of exponential decays. The decay curve would have

been expected to resolve in this simple way if the two signals are independent
because the chemical shift of the methyl and hydroxvl protons at 250 gauss
is 2.4 c/s and this is much larger than the true line width 1/2tcT2 ^ 0.064 c/s.

A recent theory [5J suggests that there should be multiple relaxation
when nuclei of spin 1/2 interact in groups of three or more. However the

relative intensities for a CH3 group as in methyl alcohol predicted by
Ilubbard are not readily observed and cannot explain the curve in Figure 2.

An explanation in terms of Perrin's [6] theory of multiple correlation times

for the reorientation of ellipsoidal molecules is a possibility [7]. A
previously reported values of Tx in methyl alcohol is 8 seconds at 20° C and

H0 1650 gauss [8J.

T2 was measured from the variation of echo amplitude CI (2t) at 2- due

to a 180° pulse applied t after cutting the polarising field which had been
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maintained for much longer than Tr In all cases, including methyl
alcohol, the decay of transverse magnetisation Avas exponential, i.e. a

single T2. In the presence of self diffusion effects, in the inhomogeneity
of the main field, the echo amplitude for a single 180° pulse is given by

ct (2t)/cX (0) exp [- (2t)/T2— (2t)»/Tsd]

where

T* 12/Ay2 G2

and A is the self diffusion constant and G is the linear field gradient.

Hence In et (2t)/cI(0) — 1/T2 — (1/T°) (2-r)2 and a plot of

In et (2v)/et (0) against (2t)2 should be a straight line of slope

(— 1/T®) and intercept — 1 /X2. Figure 3 shows this curvefor ethyl alcohol.

When Td is comparable in magnitude with T2 this is a satisfactory way of

measuring both T2 and TD.

The results for the normal alcohols and water are shown in columns (1),

(2) and (3) of the Table. A previous result for methyl alcohol has been

mentioned. Tx for ethyl alcohol at 20° C has been measured as 2.2 seconds

at 6,800 gauss and 1,100 gauss [9], and 3.5 seconds at 20° C at 1,650 gauss [8],
In order to obtain the self diffusion coefficient A the field gradients in

the sample must be known and may be estimated from the echo width,
however with some ambiguity since our field gradient was not linear but



138 J. G. POWLES AMI II. CUTLER

simply the inhomogeneity encountered in the laboratory, of value about

100 fiG/cm. Hence our value of A for water at 25° C of 7 X 10~3 cm2 sec
1

does not agree well with the known value, 2.1 X 10"5 [10]. We do however

have a constant inhomogeneity and so can measure relative diffusion

constants and in column [4J of the Table we give the values relative to

o J )- l 9 10 >7. t+
o ——'—T—'—r~irlizy IN (SCCONDs)

ETHYL ALCOHOL at25'C

Fig. 3.

water. These may be compared with the values obtained by tracer methods

(column 5) using porous barriers [11]. The difference is very striking

especially for the higher alcohols, and while not claiming a very high

accuracy for our measurements we do feel they throw some doubt on the

measurements of self diffusion in these materials using porous barriers.

It is perhaps significant that the tracer diffusion coefficients are smaller

and it is known that the long chain acids have some tendency for the

hydroxyl groups to stick to surfaces.

It is interesting to compare our T2 measurements (Tx for water and

methyl alcohol are considered below) with the self diffusion coefficient A,

which although we have measured it by using nuclear resonance is an

independent parameter. W e also consider the dielectric critical frequency

v (diel) [12], The following approximate formulae may be considered in a

qualitative analysis.

T-2 Tjrv (N'.MR) (1)

A tc/6 a2 v (A) (2)

7) S/2tt v (rt) (3)
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where T,r is the " rigid lattice " relaxation time, a is an elementary molecular

step and S is the shear modulus (Maxwell's relation).
From (1) and (2) we have T2/A oc v (NMR)/v (A). T2/A is almost

constant in column (8) of the Table showing a close relation between the

motions causing nuclear relaxation and self diffusion. Again from (1)

and (3) T2 vj cc v (NMR)/v (rt) which is shown in column (9) and the relation
between T2 and viscosity is evidently less simple. Finally T2/v (diel)

cc v (NM R)/v (diel) and as shown in column (10) there is little relation
between nuclear relaxation and dipolar reorientation especially in the higher
alcohols.

Table.

1 2 3 4 5 6 7 8 9 10

O 0 0 tr.
ec

a 0 O
</}

a?

CC

O

*• U*

O °
0

cp
0 0

s,
a0 X

- c<
cn X < .E •ä

~ri <1 >. ~ s- < p "C

r-1 r- H

1I20 2.7 3.6 66 [1.0] [1.0] 17 0.9 2.7 2.4 0.16

CH,OH 2.5 (6 and 2) 69 0.96 0.94 2.3 0.55 2.6 1.4 1.1

C. II, 011 2.3 2.2 78 0.8, 0,42 l.li 1.6 2.7 3.7 2.1

C3I170H 1.9 2.0 103 0.65 0.27 0.30 2.0 2.9 3.8 6.3
C4II9OII 1.5 1.4 110 0.6„ 0.21 0.24 2.6 2.5 3.9 6.3

C.IInOH 115 I.O5 (200) ~ 4.3 ~ 5.0 ~

C8 III- Oil 0.8 O 00 — — — 0.09 7.2 — 5.8 9.0

The motion which primarily determines the proton relaxation especially
in the higher alcohols is that of the links of the carbon chain since this
determines the motion of the CH2 groups and so we suggest that the self
diffusion coefficient is controlled by the motion of links rather than of the
molecule as a whole, although these ideas merge for the lower alcohols.
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The end of the chain, which carries the electric dipole, evidently reorients

more slowly than the other parts of the molecule and one naturally thinks
of restriction of motion by hydrogen bond association. This association
need only be broken much less frequently than the mean time for reorientation

of a link and so it is natural to expect v (NMR)/v (diel) to increase with
increasing chain length.

Water and methyl alcohol are exceptional in that is different from T2,

and this will be discussed elsewhere together with other examples [13].
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ERRATUM

Owing to an error in calculation, it was stated that the Tj decay curve for
methyl alcohol was not of the expected form. In fact it (fig. 2) can be fitted to an

3 1

expression of the form Mz — M0 (1 — exp — tl2.5) -f — M0 (1 — exp — t 8.5).
4 4

Hence TiCh3 2.5 sees, and Ti0h 8.5 sees. It is reasonable to find Tjoh > TiCii3
since the hvdroxyl proton does not have near neighbours at a fixed distance.
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