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The magnitude and temiseraI:ure dependence of the quadrupole
interaction at the 111Cd site in orthorheambic & Uranium was
investipated between 293 and 17 K. The parent activity 11lIn
was implanted into Uranium metal with an energy of 80 keV and
the y—y TDPAC technigue, applied to the 245 keV state in
11icd, was used to measure the quadrupole interaction fre~
quency. The derived electric field gradient for Cd in Uraniun
wvas found to be highly asymmetric (" = 1 ) and led co a
quadrupole iateraction frequency of Vg = 7.10(7) MHz at 293
K. The temperature dependence of the quadrupole interaction
is very strong, Vg increases to 14.3(2) MHz at 17 X and
shows a linear dependence on the temperature.
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1. Introduction

Our experimental knowledge of electric field gradients (EFG) in non-cubic metals
is quite complete by now /1/. Considering the temperature dependence of the EFG it
has_been found that it varied in the majority of cases according to the so called
T3/2 ryle /2/. In substitutional systems the major exception to this rule occurs
in the rare earth hosts where the EFG e.g. at the site of a substitutional In
impurity varies linearly with temperature /3/. It is therefore interesting to
study the EFG and its temperature dependence for In in the similar Actinide hosts
to see if this anomalous temperature dependence can also be observed there. The
only Actinide element which seems suitable at present for such an experiment is® -
Uranium since it is sufficiently stable and has a non~cubic crystal structure. Te
the knowledge of the authors the only other measurement of an EFG in an Actinide
host has been carried out by Friedt et al. f4/ for 231pa in a Protoctinium host at

2. Experimental Details Latl

The nuclear guadrupole interaction (QI) of 11lIn was observed by applying the Y~v-
time differential perturbed angular correlation techn:‘uiue (TDPAC) to the 173 - 247
keV y-ycascade pofulated in the decay of 1l17p po 1llcd, The intermediate 247
keV, 5/2 state of +11Cd has a half-life of 84 nsec and a quadrupoie moment of Q
= 0.83 b /5/. The perturbation pattern described by the QI-frequency vQ = oV, h
and the asymmetry parameter fx= (Vyx~Vyy)/V,, was observed with a conventional 2
CsF detector set-up where time spectra Were recorded successively for interdetec—
tor angles of 90° and 180°.

The 11l1q probe atoms were implanted with an energy of B0 keV and a dose of
typically 1014 at/ce? iato a 200 um thick Uranium Foil kept at room temperature.
The mean range of 1111y jons of this energy in Uranium was estimated to be 130 i,
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Prior to the implantation the Uranlum
RT foil was electrochemically polished and
was kept during the measurements under a
R(L) vacuum of better than 1079 kPa in m‘derl
to avoid surface oxidation. For measure-
ments below room temperature the sample
0.00 ' W was cooled by means of a closed cycle
helium refrigerator to various tempera-

tures between 17 and 273 K.

-o.10 3., Results and Discussion
‘D S0 100 150 200 250 300 350‘\ From the time spectra N(@,t) recorded
t(nsec)  under 9=90° and 180° the usual asymmetry
ratios R(t) = 2(N(180°,t) -
N(90°,t))/(N(180°,t) + 2-N(90°,t)) were
17K formed. The results obtained at 293 K
immediately after the implantation is
R(L) shown in the upper part of Fig, 1. After
a fast drop of the anisotropy within the
first 25 nsec due to large nonunique EFGs
produced by lattice damage caused by the
heavy ion implantation one observes only
a slow variation of the anisotropy makiag
a straightforward interpretaticn of this
result difficult. When the same saumple
was cocled to 17 X a dramatic increase in
0 Sa 100 150 200 250 300 350 the interaction frequency occurs and the
sec) anisotropy of the slowly vaiying part
recovers completely after 260 nsec, i.e.
a full period of the perturbation pattern
Fig. 1l: TDPAC spectra of l11gq in ¢~ can be observed (Fig. 1). The shape of
Uranium at 293 and 17 K, The this curve is typical for an axially
solid lines represent fits to asyametric EFG withann = 1l ia a poly—
the experimental data. crystalline sample. However, a similar
pattern could be caused by a preferential
orientation of the crystallites (texture), which is well known to occur in Uranium
foils produced by a rolling process, together with a geometrical misalignment of

the sample during the measurement.

In order to exclude the latter possibility an additional experiment was carried
out, where the sample was rotated during the TDPAC measurement around several axes
thus averagiang out possible texture in the sample. Since in this experiment no
significant change in the interaction pattern could be observed, its shape had to
be attributed to a large asymmetry parameter of the EFG interacting with the 1lgq
probe. Under these conditions a least squares fit to the experimental data gave
for 60 % of the Cd probe nuclei a quadrupole interaction frequency of vq =
7.10(7) Mliz, n = 1 at 293 K which increased at 17 K to VQ 14,3(2) MHz wlthﬂ
remaining 1, From this value an effective EFG of [VELf( = 0.35 x 1017 V/cm? with
n = 1l can be derived.

For an interpretation of these results one has to make an assumption coacerning
the site of the probe nucleus in the Uranium lattice after the implantation.
However, the mass ratio between the implanted and host atoms makes replacement
collisions rather probable. Further it is known that 111In and 181Hf occupy sub—
stitutional sites in the similar rare earth metals after melting and implantation
/3/ and a low solubility of In ina-Uranium is not excluded /6/. Therefore in the
followinz discussion a substitutional site for implanted 111In iq a~Uranium will
be assumed.



vaithal viwL;  We can them use the point

h charge model /7/ to carry
out a lattice sum calcula-
tion for the substitutional
site in the orthorhombic a~—
Uranium. For the lattice
constants measured at 293 K
L ¢ /8/ and a charge of Z = +6
for the Urantum ions one
obtains Vig" = ~6.27 x 1017
V/cm? with n = 0.357. Here
the enhancement by the
Sternheimer antishielding
factor for Cd (1-«7ch ) = 30.3
has already been taken into
account.
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300 1K1 This result is quite in

disagreement with previously

found systematics where e.g.

the ionic EFG was usually

Fig. 2: Temperature dependence of the quadrupole found to be much lower than

interaction freguency for 111Cd in Uranium the effective EFG. Also the

values one would obtain for

the electrenic contributions to the total EFG is too large by a factor of 5-6

according to a systematic suggested by Raghavan et al. /9/. A rule found by Forker

et al. /3/ for the 111Cd probe in the rare earth metals relating the effective to

the ionic EFG by a so called enhancement factora= vggf/wign comes out unusually
small @ =006 fer the CdU system,
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These discrepanciesand also the high value found for the asymmetry parameter n
could be due to a lattice deformation caused by the impurity character of the
111¢d probe in the Uranium lattice. Such a deformation or even a Jahn-Teller like
permanent displacement of :%.e probe atom from a regular lattice site could lead to
much larger asymmetry parametersn and also to an increase of the EFG magnitude.

The large temperature dependence of the EFG (Fig. 2), an increasz by about a
factor of two is observed hetween 293 K and 17 K, is also in contrast to the
moderate variation of the EFG in the rare earth metals /3/. The reason cannat be
found in an unusual variation of the lattice parameter since a point charge
calculation using measured lattice constants /8/ gives only a change of less than
10 Zin V}2M in this temperature range. Possibly a local lattice deform=tion as
mentioned above allows large vibration amplitudes of the probe atom thus producing
the stron% EFG variation with temperature. Similarly in recent measurements of the
EFG at 111Cd in the light rare earth metals Praseodymium and Ne>dymium /10/ a
smaller but 3till remarkably strong temperature dependence has been found.

The variation of the EFG with temperature can only be described by a linear
function and not by the above mentioned T3/2 ryle. This is in agreement with the
results found in the other rare earth hosts /3/. An explanation for this behaviour
of the 4f and now also the 5f metals is still lacking.
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