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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



)

1- 7 IBL-1288

_.gj\

HYPERFINE INTERACTION OF l81Ta. IN NICKEL+ -

G. KainleT'and D. Salomon
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

November 19727

Nuclear gamma resonance spectroscopy was used to study the hyperfine
interaction of 181Ta impurities in nickel at room temperature and above the

Curie point. Both the hyperfine field for l81_Ta in nickel at room temperature

- and the isomer shift relative to Ta metal have been derived.

vThe-6.2 keV gamma resonance of l81Ta has recently been used successfully
for studying electric quadrupole hyperfine interactions [1] and isomer shifts [2].
Up to now, however, the magnetic splitting of the 6.2 keV gamma rays has only

been observed in externally applied magnetic fields [3]. The present paper

-reports on the first epplication of this gamma resonance to the study of

magnetic hyperfine interactions by measuring the magnetic splitting of the 6.2
keV gamma rays of 181Ta impurities in nickel metal at room temperature.
| :L81w
Using a single-line Ta metal absorber (k4 mg/cm thick) and a (Nl
source, Mossbauer. spectra were measured with the source heated above the Curie
point of nickel, and at room temperature. The source was prepared by diffusing

the l8lw activity for ajperiod of 20 hours at 10"8 Torr and a temperature of

+Work performed under the auspices of the U. S. Atomic Energy Commission.

A
Mpresent address: Physik-Department der Technischen Universitat Minchen,

D-8046 Garching, Germany.
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1350°C into a single-crystal disc of nickel metal, cut perpendicular‘to the
[111]-direction. For the room temperature measurement, the sinusoidally moved
source was magnetized in longitudinal direction by an external polarizing
field of 1.7 kOe produced by a small permanent magnet. The stray field at the
. absorber, which was kept at room-temperature for both measurements,vwas
negligible small ( < 1 Oe).

The resulfs of the measurements are presented in fig. 1. With the
source heated above the Curie point, a single-line spectrum is observed (fig. la),
while at roomAﬁemperature the emission line is‘wideiy split by magnetic |
hyperfine interaction (fig. 1b). In longitudinal direction,.the total spectrum
resulting from the 9/2 + 7/2 El transition, would consist of 16 components
with Am = 1. Due to the small size of the resonance effect in the split
spectrum, however, the velocity range had‘to be chosen so small thét only the
three outermost absorption lines were observed. |

The results of the least-squares fit analysis.of both spectra are given
in table 1. A dispersion modified Lorentzian line with fixed ampli£ude of the
dispersion term (with 2§ = -0.30) [3] was fitted to spectrum (a). The.split
spectrum was analyzed with a superposition of dispefsion modified Ldrentzians
using g(7/2)-uN-Heff as the only pargmeter to determine the ling‘positions. To
this end, the g-factor ratio{g(9/2)./g(7/2) = 1.78+0.02 [3] and the isomer shift
at room temperature, IS = -39.8+0.2 mm/s, were kept constant during thé fit.
The latter value was linearly extrapolated from a measurement of the temperature
dependence of the isomer shift for 181Ta(§i) in the temperature range from
k12°Cc to 730°C [L].

The measured isomer shift for 181Ta(gi) is the largest one observed up

to now for 181Ta impurities in metallic lattices [2], and it fits well into the

o
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systematics found for isomer shifts of impurities of Ta, Fe, Ru, Au,
aﬁd l93Ir in transition metal Hosts [5,6]. From the size of the magnetic
splitting in the groundstate, given in table 1, and taking into account the
externéi polarizing field, a value of H = (-)89.6+1 kOe can be derived for the
induced hyperfine field at room temperature. Previously a value of H = -98#2 kOe
has been measured by spin-echo NMR at 4.2 K [T]. We may therefore derive for

the reduced hyperfine field at room temperature a value of

H(298)/H(L.2) = 0.91%0.02, which is in good agreement ﬁith the results of a
recent TDPAC study of the temperature dependence of H for l8lTa(yi) (8].

The experimental linewidth of the magnetically split spectfﬁm is by a‘
factor of 6 larger than the one found for the single line spectrum. Accbrdingly,
the total summed effect observed in the split spectrum is reducéd ﬁith
approximately the same ratio. An inhomogeneous distribution of hyperfiné fields,
caused for example by non-zero and varying impurity concentrations, could be fhe
main rééson for this appreciablé.line broadening in the ferromegnetic case,
especially since a strong dependence of the hyperfine field on fhé impﬁrity
concentfation is expected for the nickel host [{9]. The use of sources
produced by ion implantation technique could solve this problem. Then, the
high resolving power inherent in this gamma resonance would provide unique
opportunities for studying the temperature dependence of the hyperfine field in

the immediate neighbourhood of the Curie point with supreme resolution.
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Table 1. Summary of experimental results.
T w/2 : Is g(7/2)u H . total
, N ~eff effect
(°c) (mm/s) (mm/s) (mm/s) (%)
single-line 412(5) 0.20(1) -36.96(5) -— 1.6(3)
magn. split 25(1) 1.2(3) C e-- 8.93(5) 0.25(5)
W
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Figure Caption
Fig. 1. Absorption spectra obtained with a Ta metal absorber at room temperature
and a 181W(§i) source at 412°C (a) and at 25°C (b), respectively. On top
of fig. 1b the individual transitions are assigned to the observed hyper-

fine components.
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LEGAL NOTICE
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