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indicates that the resistance to motion of dislo-
cations by the conduction electrons plays an im-
portant role in deformation processes at low tem-
peratures, in contrast to ideas about totally
thermally activated processes at barriers, and

that the viscosity for dislocation in motion is
closely related to the ultrasonic attenuation by
electrons,
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The nuclear quadrupole interaction of the 247-keV level of Cd in pure Cd metal has
been measured by the time-differential perturbed angular correlation method. The in-
teraction frequency v+ ——(e qQ/h) =125(1) MHz at 298'K. A measurement at 77'K shows
an increase of v+ by 10% instead of a decrease expected from the contraction of the unit
lattice of Cd metal.

Cadmium metal has been the subject of several
recent solid-state investigations, both theoreti-
cal and experimental, ' partly because of its ex-
ceptional nature among hcp metals. One of the
few types of information which is still lacking is
the quadrupole interaction (QI), presumably be-
cause the vanishing quadrupole moments of all
stable Cd isotopes prevent the application of con-

ventional resonance techniques. We report here
the discovery of a strong QI in pure Cd metal at
298'K by the method of time-differential per-
turbed angular correlations (TDPAC) involving
the 247-keV level in '"Cd. An interaction of this
strength has not been reported before although
Kraushaar and Pound' attempted to measure it
in the same level using the inherently less sensi-
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tive time-integral correlations and estimated a
QI more than an order of magnitude smaller than
the present result. We report in addition a re-
sult at T = 77'K which suggests that the QI varies
anomalously with temperature.

The angular correlation of a cascade of two

y rays displays a measurable perturbation by the
QI in a noncubic site if the intermediate level has
a nonvanishing quadrupole moment Q and the in-
teraction frequency is not too small compared
to (2&T) ', where v is the mean life of the level.
In the case of a pure QI the TDPAC function can
be written for the present case as'

W(8, t) =1+A,G,(t)P, (cos8), A, =o,

where 8 is the angle between the two y rays, A,
is the correlation coefficient, and G,(t) describes
the perturbation. For the case of an axially sym-
metric, static electric field gradient (EFG), G,(t)
for a nuclear level with spin I=-,' is given by

G2(f) =
5 [1 + 7 cos(dot + 7 cos2(dot

+ -', cos 3&v, t j . (2)

Here &so = (3e'qQ)/2I(2I-1)5 and q is the EFG at
the nuclear site. When the lifetime of the inter-
mediate level is long enough and the coincidences
of the two y rays can be observed as a function of
time, the exponential decay curve is modulated
by G,(t), the amplitude of modulation being de-
termined by A„ the angle 8, and by factors
which reduce the ideal A, due to finite geome-
tries. The experiment consists in observing
these modulations and extracting ~, therefrom.

The well-known 247-keV level (I = —,') in "'Cd
with a half-life of 84 nsec is very suitable for
TDPAC measurements. In the present experi-
ments this level is populated in the 48-min decay
of '" Cd obtained by neutron irradiation of 91.5%
enriched pure '"Cd metal' for a few minutes.
Although the short lifetime of the source pre-
sents some inconvenience, this manner of popu-
lating this level ensures that the source is pure
Cd at all times and no uncertainty due to the de-
cay and subsequent electronic relaxation of a
neighboring element in the host arises.

The 150-247 keV y-y coincidences in"'Cd were
observed by two 38-mm-diamx25-mm NaI(T1) de-
tectors and recorded in a multichannel analyzer
by standard time spectrometry. The system
time resolution under experimental conditions
was 2.5 nsec. Experiments were done with de-
tectors at 180'. The low-temperature run was
made in a similar manner but with the source
sealed in a plastic envelope and immersed in
liquid nitrogen. The sources, 7-mg/cm' thick
metal foils (7 x 4 mm'), were used directly after
the irradiation without any further treatment.

Figure 1 shows the time spectrum recorded at
room temperature, which displays clearly the
modulations of the exponential decay by the pre-
cession of the quadrupole moment in the EFG of
Cd metal. The solid line is a fit by the function
N = N, exp(- I I) [W(8, t) j+ C, where W(8, I) is giv-
en by (1), X is the decay constant of the interme-
diate level, and C is a constant accounting for
the random coincidences. The v, extracted from
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FIG. 1. Decay curve of the 247-keV level in "Cd modulated by the quadrupole interaction in Cd metal at 298'K.
The solid line is the least-squares fit by the function N =No exp(- Xt) fl+A2t"2(t)P2(cos6))]+ C, where & = 180' and G2(t)is the theoretical function for an axially symmetric, static EFG and for nuclear spin I= 2.
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the fit was &u0=11V.8(8) &10' sec ' corresponding
to vo(298'K) =e'qQ/h =125(1) MHz. Similar mea-
surements at T = VV'K yielded vo(VV'K) =136.8(15)
MHz.

The following conclusions can be drawn from
the above results:

(1) The main modulation peaks show within ex-
perimental errors no tendency to decay. Thus
lattice dam. age due to the irradiation or the re-
coil from the 150-keV y ray as well as relaxa-
tion effects are negligible. The results show

that the EFG is axially symmetric, static and

unique at both the temperatures.
(2) Das and Pomerantz' have estimated the

EFG in hcp metals arising from the ionic cores
in the lattice. Using the value of Q estimated
from the measured QI of Cd in In metal, ' we can
compute the EFG in Cd metal from the present
result. Compared with the theoretical calcula-
tion of Das and Pomerantz, this value is too
large by more than a factor of 2, showing that
either (a) the quadrupole moment used is incor-
rect or (b) the ionic cores contribute only partly
to the EFG, the rest coming from other sources,
viz. , the conduction electrons.

(3) The low-temperature result strengthens the
second possibility. The Cd unit lattice is very
elongated (c/a = 1.886 at 298'K)' and along with

zinc, is exceptional compared to all other hcp
metals which have c/a ~ 1.633. As the tempera-
ture decreases, c/a near O'K becomes 1.8616,'
i.e., the unit cell approaches spherical symme-
try. The EFG at 77'K is therefore expected to
den ease by a few percent (=10% at O'K) if it is
produced solely by the ionic cores. The fact that
we observe an increase of 10% indicates also a
variation of the electronic EFG strong enough to
overcompensate the expected decrease of the ion-
ic EFG. Cd is a divalent metal with two s val-
ence electrons which in principle should produce
only a small correction to the ionic EFG. This
is the case, for example, in the isoelectronic
Be metal. ' But our results draw immediate com-
parison to the rapid decrease of the Knight shift
in Cd metal as the temperature decreases from
the melting point (594'K) to 4'K. ' " This has
been explained as due to the variation from s to

p character of the electronic wave function pro-
duced by the electron-phonon interaction. " The
p admixture in the wave function is usually re-
sponsible for creating an electronic EFG." Thus
an explanation of our results on the lines similar
to those advanced for the Knight-shift behavior
might be possible.

We believe that the simplicity and relative pre-
cision of the TDPAC technique in this case prom-
ises valuable information bearing on the origin
of the EFG in Cd metal which could be hard to
reach by other methods. We are currently under-
taking more detailed measurements on the depen-
dence of the QI with temperature.
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