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Half-Life of Samarium-147
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The alpha-decay half-life of **’Sm has been reevaluated. Known amounts of natural Sm and an alpha-emitter stan-
dard (**°Po, 22U, or **Am) were mixed well to prepare thin sources for the simultaneous counting of *’Sm and the
apha-emitter standard by means of an alpha-spectrometer using a silicon surface barrier detector. The alpha-dis-
integration rate of known amounts of **’Sm was determined by reference to the alpha activity of the standard. The
source preparation and counting were repeated to establish the reproducibility of the present half-life determina-
tion, and supplementary alpha spectrometry was carried out by a liquid-scintillation spectrometer. The arithmetic
mean of the experimental half-life values was obtained to be (1.17 + 0.02) x 10" y. This value is about 10%
longer than the currently adopted value, (1.06 + 0.02) x 10"y, and the possible factors for this difference are dis-

cussed.

Introduction

Samarium-147 is a naturally occurring long-lived alpha
emitter (natural isotopic abundance: 14.99%; currently adopted
half-life: 1.06 x 10" y;* alpha-ray energy: 2.235 MeV). The
nuclide has recently been proved to be useful as an internal
reference in the determination of alpha activity of mBq level
by alpha-spectrometric technique named Sm-method.?

The present authors are searching for *Pu and **Sm, now
extinct in the solar system, in deep-sea sediment to obtain
evidence for injection of materials from a hypothetical near-
Earth supernova.®” In the research project searching for the
extinct nuclides in deep-sea sediment, it has been planned to
reevaluate the half-life of **Sm (an alpha emitter; currently
adopted half-life: 1.03 x 10° y;® alpha-ray energy: 2.455 MeV)
by reference to the half-life of **’Sm, because there is large
scatter in the literature values on the half-life of **Sm.2™*° The
currently adopted half-life of *Sm was determined in 1970 to
be (1.06 + 0.02) x 10" y,* whereas the half-life values reported
from 1954 to 1970 showed some scatter between 1.04 x 10" y
and 1.28 x 10" y.* " Hence, it is worthwhile to reevaluate
the half-life of *Sm by means of a developed al pha-spectrom-
eter with the counting sources prepared in a manner different
from those adopted in the earlier works.

Experimental

Materials. Each of two kinds of commercially available
Sm,O; reagents of 99.9% purity supplied by two makers was
dissolved in conc. HNO; followed by dilution with distilled
water to prepare known concentration (in pg-Sm/g-solution)
of two kinds of Sm standard solutions (hereinafter these are
described as Sm-A and Sm-B). In addition, two kinds of
commercially available Sm standard solutions for atomic
absorption spectrometry supplied by two makers were also
used (hereinafter these are described as Sm-C and Sm-D).
Radioactive and non-radioactive impurities in the Sm solutions
were measured by low-level gamma spectrometry, neutron
activation method, |CP-MS spectrometry, and thermal ioniza-
tion mass spectrometry, and it was confirmed that the solutions
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did not contain any detectable impurities and that the isotopic
composition is natural.

Calibrated solutions of apha-radioactive nuclide were used
as internal standards in preparation of counting sources for
alpha spectrometry: 2°Pb-?°Po supplied by LMRI, France,
natural uranium supplied by NBS, U.SA., and 2*Am supplied
by CERCA, France.

Apparatus. Alpha-spectrometry was carried out using an
EG & G Ortec Octet™ PC alpha-spectrometer equipped with a
silicon surface-barrier detector of 450 mm? for active area. A
counting source was placed in the vacuum (< 4 Pa) chamber of
the spectrometer with a solid angle of ~20% of 4. Typical
energy resolution of the alpha-spectrometer was ~50 keV
(FWHM) for alpha-particles from *’Sm, and typical back-
ground of the spectrometer was 2~5 cpd in each peak region of
175m (2.235 MeV), %o (5.034 MeV), 2*U (4.198 MeV), and
2IAm (5.486 MeV).

For a supplementary a pha-spectrometry of the mixture of
Sm and **Am, liquid-scintillation spectrometry was carried
out using an Aloka L SC-6100 liquid-scintillation spectrometer.

Procedure. Known aliquot (weight basis) of Sm-A, Sm-B,
Sm-C, or Sm-D solution was mixed well with known amount
(weight basis) of calibrated ?°Po, natural uranium, or **Am
solution. From the four Sm solutions and the three alpha-
emitter standards, 10 kinds of combinations of the Sm solu-
tions and the apha-emitter standards were made. The mixture
was then evaporated on a watch glass (30 mm ¢) to prepare
thin deposit for alpha-spectrometry. The amount of Sm
mounted on the watch glass was adjusted to ~100 ug (i.e.,
~0.012 Bq of *’Sm), and the amount of the alpha-emitter stan-
dard was adjusted to ~0.04 Bg.

Alpha spectrometry using a silicon surface-barrier detector
was carried out for 1 to 2 weeks for each of the counting
sources prepared by the method described above, and alpha-
disintegration rate of the known amount of **’Sm was deter-
mined by reference to the alpha-activity of internal standard
(*°Po, 28U, or *'Am) (Figure 1).

The measurement of alpha-disintegration rate of the known
amount of **’Sm was also carried out concurrently by means of
aliquid-scintillation (LS) spectrometer. For the LS spectrom-
etry only >*Am was used as the internal standard: known
amounts of the Sm standard solution and ?*Am standard solu-
tion were taken in an LS vial. The solution in the vial was
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Figure 1. Anexample of alpha-spectra obtained with al pha-spectrom-

eter using silicon surface barrier detector. This spectrum was obtained

after ~6.6 days counting for a counting source prepared from the
mixture of ~100 pg of Sm and ~0.04 Bq of *°Po.
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Figure 2. An example of apha-spectra obtained with liquid-scintilla-

tion spectrometer. This spectrum was obtained after 5 hours counting

for a mixture of ~2 mg of Sm and ~0.8 Bq of **Am dissolved in the
Amersham ACS || scintillation cocktail.

evaporated to dryness on a hot plate (~200 °C), and addition of
~1 mL of HCI followed by evaporation to dryness was
repeated three times. To dissolve Sm and Am, 1 mL of glacia
CH3;COOH and 1 mL of 2-ethylhexanoic acid were succes-
sively added to the vial. The content in the vial was then
heated on a hot plate (~200 °C) to evaporate only CH;COOH.
Finally, 10 mL of the Amersham ACS Il scintillation cocktail
(or p-terphenyl + POPOP + toluene scintillation cocktail) was
added. The LS counting was continued for 5 hours for each of
the counting sources (Figure 2). A blank sample for back-
ground LS measurement was also prepared in the same way as
mentioned above.

Calculation of the Half-Life Value. For the calculation of
the half-life value of **’Sm, it was assumed that Sm and the
standard al pha-emitting nuclide were not fractionated
throughout the present procedure to prepare the counting
Sources.

Based on the data obtained by al pha-spectrometry, alpha-
activity of **"Sm in the counting source was determined by
reference to the alpha-activity of the internal standard in the
same counting source:

C
Az = C147

% Astp (@)
STD

where A,,; is the alpha-activity of **’Sm, A« is the alpha-
activity of the alpha-emitter standard, Cy47/Csrp is the ratio of
the background subtracted peak area of *’Sm to that of the
alpha-emitter standard. On the other hand, the alpha-activity
of 'Sm is expressed as:
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Figure 3. Half-life values and their errors determined with alpha-
spectrometer using silicon surface barrier detector. The literature
values are indicated by cross symbols, and values obtained in this
work are indicated by closed symbols. The prepared sources are
referred to as the sample names depicted in the figure with the original
solution name, the reference standard, source number, and the
measurement method.
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Figure 4. Half-life values determined with liquid-scintillation spec-
trometer. The prepared sources are depicted as same as Figure 3.
Amersham ACS |l scintillation cocktail (closed symbol) and p-

terphenyl + POPOP + toluene scintillation cocktail (open symbol)
were used.

where T4 is half-life of Sm and N4 is the number of *¥Sm
atoms in the counting source. Equation 3 is drawn from eq 1
and eq 2.

T147 -~ (3)

The value of N7 can be calculated from the concentration
of Sm in the Sm-standard solution, weight of Sm standard
solution taken for the preparation of the counting source,
Avogadro constant, isotopic abundance of **Sm in natural Sm,
and atomic weight of Sm. Since it can be assumed that Sm
and a pha-emitter standard do not fractionate throughout the
present procedure to prepare counting source, Ny /Agrp ratio is
virtually invariant. The half-life of **’Sm (Ty,;) can be calcu-
lated by substituting the experimental data of Ni4,/Asrp and
C147/Csrp for eq 3.

Results and Discussion

A series of half-life values of **’Sm measured by means of
an alpha-spectrometer using a silicon surface barrier detector
are shown in Figure 3 together with literature values® *** A
series of half-life values of **’Sm measured with an LS spec-
trometer are shown in Figure 4. The attached error for each
half-life includes nominal systematic errors in the calibration
of the alpha-emitter standard and in the measurement of
isotopic abundance of *’Sm in addition to the statistical error
of 1 ginaphacounting. The values shown in Figures 3 and 4
agree very closely with each other within the error.

In apha-spectrometry for a deposited counting source, self-
absorption of alpha-rays in the source is a serious problem;
energy loss and absorption of apha-particles in the window-
layer of silicon surface barrier detector (~50 nm) and in
vacuum chamber (< 4 Pa) are negligible. As to the extent of
self-absorption in the present alpha-spectrometry, since the
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thickness of the residue of Sm and the alpha-emitter standard
on the watch glass is less than 15 pg/cm?, energy loss and
absorption of alpha-particles from *’Sm and the alpha-emitter
standard of the counting source can be expected to be negli-
gible.

The counting efficiency of the LS spectrometer is high
(~100%), however, the spectrometer has disadvantages of high
background and poor energy-resolution (Figure 2). Hence, in
spite of the agreement between the mean value measured with
the LS spectrometer, (1.15 + 0.02) x 10" y, and the mean
value with the surface barrier detector, (1.17 + 0.02) x 10" vy,
within the error, the former value was regarded as a supporting
data for the latter because of the disadvantages described
above.

The arithmetic mean of the half-life values obtained in this
work for the nineteen counting sources (Figure 3) is (1.17 +
0.02) x 10" y. The error associated with the average value is
one standard deviation. The average value is about 10% longer
than the currently adopted value, (1.06 + 0.02) x 10™ y.*

In the earlier works, the half-life of *’Sm was measured
with a 41 gas-flow counter,** LS spectrometers,*> ** > and
ionization chambers. ** According to the conventional
method for the determination of long half-lives, the half-life
value for **’Sm (T.,,) is deduced by substituting measured
values of A.4; and N4, (see eq 2) in the following equation:

In2
Tz = A X Niyg7.

Hence, experimental errors in measuring A4, and Ny give
inaccurate results for Ty,;. Impuritiesin Sm reagent bring error
into the value of N4, and uncertainty of counting efficiency,
self-absorption of counting source and radioactive impurities
in Sm reagent bring error into the value of Ay;. It isfirst
suspected that the purity of Sm reagent was not sufficient in
the earlier works. It is also suspected that the corrections for
counting efficiency and self-absorption were not appropriate in
the earlier works. High background and poor energy resolu-
tion of LS spectrometers used in the earlier works might also
result in inaccurate **’Sm half-life.

In contrast to the earlier works, in the present cautious work,
all the error sources mentioned above were excluded. Hence,
we conclude that the result obtained in thiswork is reliable.
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