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The results of measurements of 'Al spin-lattice relaxation and local field in the rotating
frame in aluminum are inconsistent with the model presented by Tunstall and Brown.

Recently Tunstall and Brown! have reported the
results of nuclear dipolar relaxation in aluminum
for 1.3< T<295°K. They interpreted their results
using a three-bath model and an analysis extending
the coupled rate equations of Schumacher.? For
their sample, filed from a “high-purity zone-refined
aluminum single crystal, ” they found the ratio 5 of
the dipolar spin-lattice relaxation rate to the Zee-
man spin-lattice relaxation rate to be 2.15+ 0,07 in-
dependent of temperature. The quantity § —2.0 is
a measure of the effect of electron correlations.
Their analysis relied on an estimate of the relative
heat capacities of the dipolar, small quadrupolar,
and large quadrupolar systems to be in the ratio of
2:1:5. They pointed out that at low temperatures,
where the spin-lattice relaxation times are long,
all systems contribute to the measured relaxation
rate. At high temperatures, where spin-lattice re-
laxation times are short, cross relaxation is inef-
fective at coupling the quadrupolar systems to the
dipolar system and thus the quadrupolar systems do
not contribute to the measured relaxation rate.

We have measured the spin-lattice relaxation time
in the rotating frame T, in nominally 99.9999% pure
aluminum at 300°K. Some of our results have been
reported in earlier publications, 3* where details of
the experimental procedure can be found. The spin
system is prepared in the rotating frame using the
spin-locking pulse sequence.’ At exact resonance
the initial quasiequilibrium (¢ <« Ty,) magnetization

in the rotating reference frame is given by*
M=M[HY/(H; + Hy + H})], {6y

where M, is the equilibrium magnetization in the
laboratory frame, H, is the amplitude of the rf field,
H2 is the square of the dipolar field in the rotating
frame (equal to one-third® of the Van Vleck second
moment), and H% is the square of the effective quad-

HZ(6?)
4 [ 8 10 |F
s.‘o T % T T T T T T T T 1 4.0
&, | K2t §
¥ H,222.54 G°
~ 24— o —{30
- He2=0.68 62
< | o 1
& T, 6.17msec . =
© 2
1] 8 =265 0 =
+ _— S
= - 17
-
ey %I.O
N
’:’ 4
0 ] 1 | 0.0
.00 J0 20 30 40 .80 .60

HZ/HE+H,2)

FIG. 1. Experimental determination of H% and 6 for
nominally 99, 9999% purity aluminum at 300°K, The
triangles are for the data M/(M, — M) vs H} and the
circles are for the data (7y/7y,) — (H}+3 HY)/(H} + H})
vs Hy/(H} +H).,
the apparent values of § found in a number of exper-
iments on aluminum are considerably greater than
2. 10
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of magnetization against time and (b) with the am-
plitude of H,, due to the mixing effect of the pres-
ence of H,. As further support for our value we
may note the value of 6=2.07 measured by Pifer. 5
rupolar field in the rotating frame (equal to one-
third the quadrupolar contribution to the second
moment of the absorption line for a powder")° It is
assumed throughout that cross relaxation is suffi-
ciently fast to establish a common spin temperature
for the Zeeman, dipolar, and quadrupolar systems.
In Fig. 1, M/(M,-M) is plotted against H?; the re-
ciprocal of the slope of the straight-line plot yields
H:=H2 + Hj=3.22G2

If we take H3 equal to the theoretical value of the
Van Vleck second moment 2. 54G% then H3=0.68G.
Thus we find the relative heat capacity of the dipolar
system to quadrupole system to be 3.7:1, whereas
Tunstall and Brown estimate the ratio of heat capac-
ities of their dipolar and small quadrupolar systems
tobe 2:1, In fact a study of the effect of substitu-
tional solutes* on HZ indicates that a value of
H3/H%=2 requires in excess of 0. 1-at. % solute,
hardly likely in high-purity aluminum.

At exact resonance the relaxation rate in the ro-
tating frame is given by*

1 1 Hi+5H;+3H )
Tlp_Tl H1+ D+HQ :

F. Y. FRADIN AND T.

J. ROWLAND 3

Here we have taken the quadrupolar spin-lattice re-
laxation rate to be three times the Zeeman rate®
1/T, unaffected by electron-spin correlations. In
Fig. 1, (Ty/T,) — (H}+3H3)/(H:+ HZ) is plotted vs
HE/(H?+HZ). We have taken Hj = 2. 54G% H%
=0.68G% HZ=3.22G% and T,;=6.17 msec. The
slope of the straight-line plot yields 6=2.65. The
large value of & found using Eq. (2) is indicative of
the failure of the equation to correctly describe the
field-dependent relaxation rate.

Thus, we feel that the arguments given by Tun-
stall and Brown do not solve the enigma in alumi-
num. The problem is at least twofold. First,
there is the large second moment that exceeds the
theoretical Van Vleck second moment. Large ex-
perimental values of the second moment have been
found by a variety of techniques, using different
methods of sample preparation, by a number of in-
vestigators. #° It has not been demonstrated in a
conclusive manner that the discrepancy in the sec-
ond moment is due to the nuclear electric quadru-
pole interaction. However, a much smaller resi-
dual quadrupole interaction has been found® in alum-
inum just below the melting temperature. Second,
there is the large apparent dipolar relaxation rate.
The effect of electron correlations in aluminum is
expected to increase the value of § by no more than
10% above the uncorrelated value of 2. However,

Twork performed under the auspices of the U. S.
Atomic Energy Commission.
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