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Electric quadrupole interactions of '"Cd nuclei in the cubic Ag lattice doped

with Sn impurity~
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The electric quadrupole interactions produced by near-neighbor impurity atoms of Sn on "'Cd probe nuclei in

a cubic Ag lattice were studied by the time-differential perturbed angular correlation technique. The effects of
concentration of the impurity and of temperature have been investigated. The results show the presence of a
high-frequency interaction co„superimposed to a smeared out low frequency at . Both co„and co, increase
with the impurity concentration, but the ratio eo„/co, is constant for all the concentrations.

Considerable interest has recently been focused
on the time-differential perturbed angular corre-
lation (TDPAC) investigations of electric field
gradients (EFG) produced in cubic metals by im-
purities' as well as by radiation damage. ' The
present work describes, for the first time, a
systematic TDPAC study of the effect of nearest-
neighbors (nn) Sn impurity atoms in a cubic Ag
lattice. The radioactive probe nuclei were obtain-
ed by the reaction '"Ag(n, 2n) '"In, where the "'In
nuclei decay to '"Cd by electron capture. The
TDPAC technique was used to measure the inter-
action of the quadrupole moment of the I= —,

' 247-
keV state in '"Cd with the EFG's produced by the
impurity. The Sn impurity was introduced into
Ag by melting the constituents (with purity ~ 99.99%)
together under argon atmosphere and subsequently
annealing the alloy also in argon during some
hours. The sample in our experiment contains
three components, the matrix of Ag, the solute
atoms of Sn and the radioactive probe "'In. Both
the concentration of the impurity atoms and the
temperature of the sample were changed in the
present work.

Assuming only static quadrupole interaction in
a random polycrystalline sample the angular cor-
relation attenuation coefficient can be expressed
by

(f) = g o „cos((d„f)8-(6/2)nt

where the amplitudes a~„and the frequencies ~„
are related to the nuclear quadrupole frequency
40Q and to the asymmetry parameter g.' The term
e ' ""'gives the Lorentzian distribution of fre-
quencies having a width 5.

The results for different amounts of Sn impurity
measured at room temperature are shown in Fig.
1 together with the results for 3 at.% of Sn mea-

sured at temperatures of 90 and 673 K. The
G»(t) curves show very clearly that the '"Cd nu-
clei are exposed not only to a smeared out low
quadrupole frequency but in addition a certain
percentage of them experience a sharp quadrupole
frequency, denoted by the small peaks superim-
posed to the gradually declining curves. Also in
Fig. 1 is shown the result for an annealed sample
of pure irradiated Ag, which as it is expected cor-
responds to the unperturbed G»(t) = 1 value.

The analysis of the data was performed assum-
ing that a part a„of the probe nuclei are subjected
to a high frequency co„, a second part a, to a dis-
tribution of low frequency ~, , and a third part a,
of unperturbed probe nuclei which do not feel any
field. The solid lines in Fig. 1 are computer fits
and Table I displays the obtained parameters for
the different concentrations of impurity and tem-
peratures.

Several interesting facts can be drawn from the
analysis of the results shown in Table I:

(i) The '"Cd nuclei are exposed not only to a
distribution of low quadrupole frequencies around
~, , but also a part of them experience a high fre-
quency „. In previous experiments on the influ-
ence of impurities in Ag (Ref. 1) and in the tetra-
gonal In-Sn system, 4 the presence of high-frequency
interactions was not observed.

(ii) The low frequency &u, is generated by im-
purities distributed at various different atomic
distances from the probe nuclei and can be ex-
plained in terms of the original Kohn and Vosko
approach. '

(iii) The observation of the sharp frequency cu„

can be understood if it is assumed that the nearest
sites to the probe nuclei are occupied by Sn im-
purity atoms. The EFG obtained for 1.5 at.% of
Sn in Ag is of the order of 2.5 x 10"V/cm'. On
the other hand the EFG measured by NMR' at the
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FIG. 1. Time-differential attenuation coefficients
C22(t) of the "'Cd p-p correlation observed for differ-
ent amounts of Sn impurity. Also are shown the re-
sults for 3 at.% of Sn for different temperatures.

first shell around 1 at.% of Sn impurity in Cu ma-
trix is of the order of 10"V/cm' or 25 times
smaller. In fact, a value of 4.5 x 10"V/cm' much
closer to the NMB result is calculated from our
low-frequency interaction &u, (we used Q = 0.77 b
for the —,

' state in "'Cd) ~ For other impurities in
Cu and in Al matrix the NMB results' ' also asso-
ciate EFG's between 10" and 10"V/cm' as due to
the nn impurity atoms. It is interesting to observe
that the TDPAC results of Behar and Steffen' also
give EFG's of the order of 10"V/cm' in the
damaged Ag host.

(iv) The high frequency ~„ increa. ses with con-
centration and the ratio a„/a, is approximately
independent of concentration. These facts are
difficult to explain. A possibility is that when the
concentration is increased more than one closest
site to the Cd nuclei is populated. In addition an
inspection of Table I shows that the rate of varia-
tion of the high frequency ro„with concentration is
the same as for the low frequency e, , resulting
that the ratio u&„/u&, is remarkably constant for all
the concentrations. It is very interesting to note
that there is a linear relationship between the log
of the concentration and both a, and e„, as can
be observed in Fig. 2. This empirical relation is
very well fulfilled for all the experimental points.

(v} The distribution 5, of low frequencies de-
creases with the increase of concentration as is
expected. For the high frequency 5„remains ap-
proximately constant and small.

(vi) The high-frequency interaction is strongly
dependent on the temperature. The three mea-
sured temperature points are very well represen-
ted by a simple T'" relation (Fig. 5) as in various
noncubic hosts like Zn (hexagonal), Sn, In (tetra-
gonal), and P-Ga (monoclinic}. Recently, the
temperature dependence of EFG's in noneubic
metals was theoretically studied by Jena" who
concludes that the T' ' behavior is primarily due
to conduction electron effects and applies to all
noncubic metals. Our result shows that for a
cubic metal a similar T'~' relation is observed

TABLE I. Parameters obtained from the fittings. Subscripts E and h refer to low and high
frequenc ies.

(at.% of Sn)
(d)

(MHz)
a h Cdp

(MHz)

0.5
1.5
3.0
4.5
3.0
3.0

300 0.60+ 0.04 0.36
300 0.18 + 0.02 0.75
300 0.12+ 0.02 0.82
300 0.10~0.02 0.83
90 0.12~0.02 0.81

673 0.15+0.03 0.78

4.0+ 0 ~ 3
7.8+ 0.3
9.9+0.3

11.5 + 0.5
9.7 + 0.3
9.2 ~ 0.3

0.81 + 0.06
0.48 + 0.07
0.35+0.03
0.28 + 0.06
0.33 + 0.04
0.30 ~ 0.04

0.04 210+ 10 0.02
0.07 430 + 10 0.02
0.06 550 + 10 0.02
0.07 635 + 15 0.02
0.07 606 + 15 0.01
0.07 345 + 10 0.03

52.5+ 3.0
55.0 ~ 2.5
55.5 + 2.0
55.2 + 2.7

Typical errors are about 10/p.
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FIG. 2. Bate at which the low and the high frequencies
~& and u& change with the concentration. As can be
seen there is a linear relationship between log of the
concentration and both frequencies.

FIG. 3. Rate at which changes the high frequency w&

with the temperature. The three measured temperature
points are very mell represented by a simple T ~ rela-
tion.

for the EFG attributed to a, nn impurity. On the
contrary the low frequency &, changes very little
with the temperature and 6, is practically cons-
stant.

(vii) The EFG measured for 4.5 at.% of Sn is of
the order of 3.5 && 10"V/cm'. This value is more
than three times larger than the highest fieM mea-
suled on Cd 1Q Qoncublc metals.

The simplest interpretation of our results is
that the high field is produced by the nn solute
atoms and the low-field distribution is generated
by impurities distributed at various atomic dis-
tances from the probe nuclei. A direct compari-
son of the high-frequency interactions with the
theory of Blandin and Friedel or Kohn and Vosko

is not valid since this approach is an asymptotic
one and no agreement is expected for the first
neighbors. It is hoped that a quantitative under-
standing of the relative importance of the various
contributions to the EFG's can be obtained by a
systematic study of impurities with different val-
ence and size in the cubic Ag metal. Such a work
ls ln progress.
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