PHYSICAL REVIEW C

VOLUME 41, NUMBER 6

JUNE 1990

Half-life of !"®Lu

R. J. Gehrke, C. Casey, and R. K. Murray
Idaho National Engineering Laboratory, EG&G Idaho, Inc., P.O. Box 1625, Idaho Falls, Idaho 83415
(Received 10 November 1989)

The half-life of '*Lu was deduced using Ge y-ray spectrometry from the mass and activity of a
lutetium oxide sample enriched in '"*Lu. The half-life was found to be 4.05+0.09X 10" y. The rel-
ative intensities of the y rays were also measured and are compared to previously reported values.

INTRODUCTION

The half-life of !’*Lu has been of considerable interest
over the past 50 years. A number of papers have been
published in which the half-life has been determined.! '3
A process for using the "®Lu/!®Hf couple for age dating
of rocks which contain a sufficient amount of the Lu and
not too much of the Hf has been developed, and '"*Lu
has been used to determine the age of the s-process nu-
clei. Results from such techniques depend on the value
used for the half-life. Unfortunately, the reported values
have varied from 2.1 to 7.3X10'° yrs and even those
more recent ones which agree more closely vary from
3.27 to 4.56 X 10'%rs,

Table I presents the previous work and the half-life
values reported. Many of the earlier attempts are prob-
ably flawed by the difficulty of measuring samples of low
activity (the natural abundance of '"®Lu is 2.6% and its
half-life is very long) and of obtianing pure samples, as
natural Lu is likely to be contaminated with Th and its
daughters. Determinations of the half-life by beta count-
ing are particularly likely to be affected by Th contamina-
tion. Other measurements reported have used limited or
poor experimental methods or have not reported all the
detail relevant to the measurement. In Addition, as can
be seen from Table I, many of the uncertainties assigned
to the half-life values appear to be unrealistically small
and may include only statistical uncertainties from the
counting process.

Some recent experimenters have used a y-y sum-peak
coincidence technique originally suggested by McNair® to
measure the detector efficiency. However, a difficulty
with this method has been pointed out by Sutherland and
Buchanan;'® for extended sources, the variation in
response of the detector to different parts of the source
must considered. Experimenters who have used this
method have also assumed that the 202- and 307-keV
transitions are converted only negligibly, which is not the
case.

Both Norman'® and Sato et al.'” used y-ray spec-
trometry to determine the absolute activity of an Lu sam-
ple of known '7*Lu mass. Norman applied corrections for
summing effects, internal conversion, and attenuation in
the sample. It is not clear whether or not Sato et al. ap-
plied corrections for summing effects to their data, but if
not, it could account for their value being different and
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lower than Norman’s.

To clear these difficulties, we decided to measure the
half-life of '"Lu measuring the 88-, 202-, and 307-keV
y-ray emission rates with a Ge detector. The y-ray emis-
sion rates were converted to activities by dividing by the
respective y-ray emission probabilities. The activities
were averaged and the '"®Lu half-life was deduced by di-
viding the activity by the number of '"°Lu atoms in the
lutetium oxide sample.

EXPERIMENTAL

From Oak Ridge National Laboratory (ORNL), we ob-
tained a sample of Lu,0; enriched to (44.2310.23)% in
78Lu. The sample, including impurities as analyzed and
reported by ORNL, weighed 34.1 mg. The sample was
counted in the glass vial in which it arrived from ORNL.
The vial has a cross sectional area 1 cm? and the Lu,O,
powder could be made to form an evenly distributed layer
that just barely covered the bottom of the vial by careful-
ly tapping the side of the vial. This vial was then mount-
ed to the sticky side (facing up) of a piece of tape
stretched across a 2.54-cm diameter hole at the center of
an aluminum card. In this way the sample was counted
on a vertically mounted Ge detector in a reproducible
source-to-detector distance. Following three spectral
measurements, the Lu,0; powder was removed from the
vial and its mass determined. The powder was
transferred to a small Al foil boat and the mass was
determined to be 33.75 mg, about a 1% difference from
the ORNL reported mass. The powder was then re-
turned to the original container. Several months later the
mass of Lu,0; was remeasured and found to be 33.8 mg.
This value was used in calculating the number of "°Lu
atoms present. The mass of the chemical impurities, as
listed on the sample identification and analysis sheet from
ORNL, was subtracted and the Lu,0; mass was convert-
ed to the number of '7*Lu atoms presented in the sample.
The number of "®Lu atoms in the sample is (4.42+0.05)
X 10" atoms.

The y-ray spectrometer used in the present experiment
is an intrinsic Ge detector of 160 cm® nominal active
volume. The glass vial containing the sample was count-
ed at a 10-cm distance from the detector housing, and
three separate 64-h counts were made. One of the spec-
tra thus obtained is shown in Fig. 1. A fourth spectrum
was accumulated under the same condictions after the
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TABLE I. Determinations of '’°Lu half-life.

Reference Experiment Half-life (10" yrs)
1 beta counting 4.

2 beta counting 7.3x2

3 beta counting 2.4

4 ¥, Nal 2.15+0.01

5 2pi beta proportional 4.56+0.3

6 ¥, Nal 2.1£0.2

7 radiogenic 2.17+0.35

8 sum peak 3.6+0.1

9 4 pi beta liq. scint. 2.18+0.06
10 beta-y coincidence 3.58+0.05
11 sum peak 5.0£0.3

12 lig. scint., coincidence 3.27+£+0.05
13 radiogenic 3.3+0.5

14 sum peak 3.79+0.03
15 y counting, Ge(Li) 4.081+0.24
16 radiogenic 3.53+0.14
17 Y counting 3.78+0.01
18 radiogenic 3.57+0.14

second mass determination. Insufficient statistics were
gathered at the 10-cm source-detector distance for the
401 keV line to be observed, but all other expected lines
were observed in the spectra.

The efficiency of the detector for the sample in the
glass vial geometry at 10 cm was determined using a
mixed radionuclide standard solution (traceable to
NIST), containing M Am, 199Cd, 7Co, !3Ce, 203Hg,
”3”’Sn, 858r, 137Cs, Y, and ®°Co. A '®2Ta source was
also counted and the resulting relative efficiencies were
fitted to the mixed source efficiency curve obtained with
the mixed radionuclide source, so that the shape of the
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FIG. 1. Spectrum of Lu,0s, 44.23% enriched in '®Lu. The
Lu,0; was in a glass stable isotope vial at 10 cm from the detec-
tor housing and was counted for 64 h.

efficiency curve could be better defined in the energy re-
gion required for the "®Lu y rays. Attenuation correc-
tions were calculated for the self attenuation in the 33.8
mg Lu,0; sample uniformly distributed over the bottom
of the one-centimeter area vial?® and are given in Table
II.

The areas in the peaks at 88, 202, and 307 keV were
calculated with a y-ray spectral analysis package
developed at the Idaho National Engineering Laboratory
(INEL), called VAXGAP.?! The uncertainties in the peak
areas represent one estimated standard deviation. The
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FIG. 2. Decay scheme of '7®Lu.
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TABLE II. Conversion coefficients and y-ray emission probabilities for '"Lu and self attenuation corrections and coincidence
summing corrections for the !"*Lu sample and counting geometry used in the present experiment.

Coincidence
y-ray Attenuation summing
energy (keV) a, (i) P, (i) correction® correction®
88.37 5.86+0.18 14.6+0.4 0.9301£0.007 1.029+0.003
201.87 0.281+0.008 78.1+0.5 0.9938+0.0006 1.0175+0.0017
306.91 0.0746+0.0022 93.06+0.19 0.9975+0.0003 1.0157%0.0016
401.13 0.0347+0.0010 0.84

*The conversion coefficients «, (i) for the 88-, 202-, and 307-keV transitions are taken to have a pure E2 multipolarity; the uncertain-
ties in the total conversion coefficients from Ref. 23 were assumed to be +3% (one estimated standard deviation).
®The y-ray emission probability, P, (i), expressed as y rays per 100 decays, was deduced using Eq. (1), assuming that 100% of the de-

cays pass through each transition.

“The self attenuation correction is based on the assumption that the lutetium oxide powder was distributed with uniform thickness

over the 1-cm? area of the bottom of the vial.

dCoincidence summing corrections for a Ge detector with the sample counted at a 10-cm distance from the detector housing.

relative intensities of the yrays were measured and are
compared in Table III with the relative intensities report-
ed previously. Although the half-life of "°Lu has been
measured frequently, the relative y-ray intensities have
not been often reported. The absolute activity was calcu-
lated from the peak areas as described below.

As shown in Fig. 2, !"Lu decays by beta decay to the
597- and 998-keV levels of '"®Hf. There is no beta feed-
ing to the '"Hf ground state or to the 88- and 290-keV
levels. Therefore, all of the decays pass through the 88-,
202-, and 307-keV transitions so that activity can be
determined from the y-ray emission rates and the total
conversion coefficients. Table II gives the conversion
coefficients (a,) and estimated standard deviations for
each transition.® The y-ray emission probability of each
y-ray, i, is then

P, ()=100% X 1/[1+a,(i)] . (n

These are also given in Table II along with their pro-
pagated uncertainties.

Coincidence summing corrections for each y ray were
calculated using the KORSUM program developed by De-
bertin and Schotzig.?* The calculated correction factors
and their associated uncertainties are give in Table II.

RESULTS
The absolute activity, A, for "®Lu is
A4 =R, ()C(i)(100/1)C,()C, ()P, (i) , (2)

where R (i) is the peak area in counting rate, C,(i) is the

efficiency, C, (i) is the attenuation correction, C,(i) is the
cascade summing correction, and p,(i) is the emission
probability (y rays per 100 decays) of ¥ ray, i. The y-ray
emission rates for each of the y-ray energies were con-
verted to '"SLu activities and these data were reduced in a
series of three steps.

(i) First, the uncertainties in the net peak areas were
combined in quadrature with a +1% estimated standard
deviation in the source-to-detector distance reproducibili-
ty to yield the values given in Table IV for each individu-
al measurement. The weighted average of these four
values is given in Table IV directly below the individual
measurements.

(ii) Second, for each y-ray energy the uncertainties in
the respective y-ray emission probability, coincidence
summing correction, and self-absorption correction were
combined in quadrature with the uncertainty in the
weighted average from step (i) and with the uncorrelated
portion of the uncertainty in the full-energy-peak
efficiency. [The uncertainty in the full-energy-peak
efficiency was divided into two parts: an uncorrelated
part (£3% for the 88-keV ¥ ray and *1.5% for the 202-
and 307-keV y rays) that can be reduced through the
averaging process and a correlated part (+£1.5%) that
cannot be averaged away.] The results from step (ii) are
shown in Table IV to the right of the weighted averages
from step (i). A weighted average of these values was
then calculated and appears below the three weighted
average values.

(iii) Third, the uncertainty in the correlated portion of
the full-energy-peak efficiency was combined quadrature

TABLE III. Relative intensities of "*Lu y lines.

v line 88.4 keV 201.9 keV 306.9 keV
This experiment 15.5+0.6 83.3+2.2 100
Calculated? 15.7 83.9 100
Reference 22 14.09 90.32 100
Reference 4 16.8 90.2 100

*Calculation based on 99.1% feeding to the 597-keV level with the 88-, 201-, and 306-keV y-ray transi-
tions in cascade and the a values of Table II. The 306-keV y-ray intensity was normalized to 100.
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with the uncertainty in the averaged value from step (ii)
to yield the "®Lu activity with its uncertainty. The ac-
tivity with all uncertainties propagated is given at the
bottom of Table IV. From this '"®Lu activity and the
number of 7°Lu atoms in the sample, the half-life is com-
puted from the following equation:

T, ,,[(In2)Ny]/ A =(4.05+0.09) X 10" yrs,

where A4 is the activity and N, is the number of '"*Lu
atoms in the Lu,0; sample. This value agrees very well
with that obtained by Norman, but is in disagreement
with most of the other values in Table L.

CONCLUSIONS

If all measurements of the half-life of 7°Lu using beta
counting on natural Lu,O; are eliminated, because of the
difficulties of accurately counting low-activity samples
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and because of possible errors due to Th contamination,
and if the radiogenic measurements are also eliminated,
because of difficulties inherent in the technique used, then
we are left with five reported measurements of which
three use some variation of the sum-peak method.!%!!:14
Problems with the sum-peak method were discussed in
the Introduction. The remaining method!>!” uses y-ray
spectrometry to measure the absolute activity, from
which the half-life is calculated. This method appears to
be the best approach to use, provided all necessary
corrections are made, and was used by Norman!® and
Sato et al.!” and in the present work. Of these three re-
ported values, two Norman’s and the present one, agree
quite well, while the value reported by Sato et al. is
significantly lower. We recommend that the present
value of the !"Lu half-life be used even though the re-
ported uncertainty is larger than several previously re-
ported values.

The relative intensities measured by us in the present

TABLE IV. "®Lu activity measurements in units of becquerel (Bq) and propagation of uncertainties.

88-keV data

Count no. Activity (Bq)*
1 23.86x1.17
2 23.63+1.00
3 25.01+£1.20
4 23.03+0.79
Wt. average: 23.67+0.50

(23.67+1.08) Bq®

202-keV data

Count no. Activity (Bq)*
1 24.00+0.28
2 24.01+0.31
3 23.87+0.31
4 23.6910.32

Wt. average: 23.90+0.15

(23.90+0.41) Bg®

307-keV data

Count no. Activity (Bg)*
1 24.02+0.29
2 24.13£0.31
3 24.02+0.29
4 24.0410.28

Wt. average: 24.05+0.15

(24.05+0.39) Bg®

Activity of '"Lu with all uncertainties propagated: (23.94+0.45) Bq°

*Uncertainty includes that in the net peak area and in the source-to-detector distance reproducibility.
®Uncertainty includes those from the weighted average of the individual counts, the uncorrelated por-
tion of the full-energy-peak efficiency, emission probability, coincidence summing correction, and self-

absorption

“Uncertainty includes those from the weighted average of the data from the three y-ray energies, and
that in the correlated portion of the full-energy-peak efficiency.
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experiment do not appear to agree well with previous re-
sults; however, no uncertainties were given with the pre-
viously reported values. The present results agree quite
well, however, with the absolute intensities calculated by
the method described above as shown in Table III.
Therefore, we recommend that the relative intensities
measured by us should be used.

R.J. GEHRKE, C. CASEY, AND R. K. MURRAY 41

ACKNOWLEDGMENTS

The authors would like to thank R. G. Helmer for as-
sistance in obtaining and using the KORSUM program.
This work was performed under U. 8. Department of En-
ergy (DOE) Contract No. DE-AC07-76ID0O1570.

IM. Heyden and W. Wefelmeier, Naturwissenschaften 26, 612
(1938).

2W. F. Libby, Phys. Rev. 56, 21 (1939).

3A. Flammersfield, Z. Naturforsch. Teil A 2, 86 (1947).

43. Arnold, Phys. Rev. 93, 743 (1954).

5D. Dixon, A. McNair, and S. C. Curran, Philos. Mag. 45, 683
(1954).

SR. N. Glover and D. E. Watt, Philos. Mag. 2, 699 (1957).

W. Herr, E. Merz, P. Eberhardt, and P. Signer, Z. Naturforsch.
Teil A 13, 268 (1958).

8A. McNair, Philos. Mag. 6, 851 (1961).

9D. Donhoffer, Nucl. Phys. 50, 489 (1964).

10G. A. Brinkman, A. H. W. Aten, Jr., and J. Th. Veenboer,
Physica 31, 1305 (1965).

1K . Sakamoto, Nucl. Phys. A103, 134 (1967).

12v. Prodi, K. F. Flynn, and L. E. Glendenin, Phys. Rev. 188,
1930 (1969).

13A. Boudin and S. Deutsch, Science 168, 1219 (1970).

14K . Komura, K. Sakamoto, and S. Tanaka, Nucl. Phys. A198,
73 (1972).

I5E. Norman, Phys. Rev. C 21, 1109 (1979).

16p, Patchett and M. Tatsumoto, Nature 288, 571 (1980).

17§, Sato, Y. Ohoka, and T. Hirose, Radiochem. Radioanal.
Lett. 58, 263 (1983).

18p_J. Patchett, Geochim. Cosmochim. Acta 47, 81 (1983).

191, G. Sutherland and J. D. Buchanan, Int. J. Appl. Radiat.
Isot. 18, 786 (1967).

20E, Storm and H. I. Israel, Nucl. Data Tables A7, 565 (1970).

21E, W. Killian and J. K. Hartwell, IEEE Trans. Nucl. Sci 36(1),
615 (1989).

22E. Browne and R. B. Firestone, Table of Radioactive Isotopes
(Wiley, New York, 1986).

23F. Rosel, H. M. Fries, K. Adler, and H. C. Pauli, At. Data
Nucl. Data Tables 21, 319 (1978).

24K, Debertin and U. Schotzig, Nucl. Instrum. Methods 158,
471 (1979).



