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A previously unreported gamma ray of approxi-
mately 175 keV and 7% abundance was found in the
decay of Sc48. This necessitates a revision of
the decay scheme to include a second beta group
with an end-point energy of approximately 475 keV.
The presence of the new gamma and second beta
group was confirmed by means of gamma-gamma and

beta-gamma coincidence counting techniques.

The decay of Sc48 has been studied in numerous labora-
tories. The most recent of these studies was reported by
Nooijenl’2 in which a summary of earlier work is given.
Basically, the decay scheme of Sc48 as reported is
illustrated in Fig. 1. A single beta group with a 651 keV
end-point energy is followed by three gammas (1.04, 1.30,

and 0.98 MeV) in cascade. Apparently, however, the low-



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or 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 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. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



Page 2.

energy part of the gamma spectrum has not been investigated
In the course of an investigation6 concerned witﬁ 14-
MeV neutron cross section measurements, the gamma spectrum
of Sc48 obtained from the V51(n,a)Sc48 reaction was foﬁnd
to contain a peak in the 175 keV area (Fig. 2). That this
gammé‘(of 7% abundance) belongs to the decay of Sc48 was
confirmed by the constancy 6f its specific activity duriné
'4varioqs‘chemical purification procedures, by the determina-

tion of its half-life.and by the coincidence studies

described in the following sections.

Preparation of Sources

Sources for gamma spectroscopy were prepared by the
51, 48 . . . . .
V' " (n,a)Sc reaction. Pure vanadium foils were irradiated
with 14.5-MeV neutrons obtained from the BNL Van de Graaff
: ' . 4 . ' .
generator using the T(d,n)He reaction. Sources obtained
in this fashion were exceptionally pure radiochemically and

were used directly.

' 48
For sources for beta spectrometry, the Sc was prepared

by the VSl(n,a)Sc48 reaction by irradiation of ~100 g of
vanadium pentoxide. The oxide was dissolved in alkali.

The mixture was acidified. Iron carrier was added and the

5
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mixture was rendered alkaline. The ferric hydroxide, which
carried practically all of the Sc48, Was’separated by
centrifuging, and was cleaned of most'of the occluded
-Qanadaté by dissolving in acid and reprecipitating with

base several times. Most of the iron was then extracted

into ether from a 6-8 N hydrochloric acid solution. A

small amount of irén carrier was then added and the purificéé
tion procedure was repeated. The aqueous solution was then
,brought to pH 3 and the scandium was extracted with a-0,5 M -
solution of TTA (thenoyltrifluoroacetone) in benzene. The
benzene_solﬁtion was washed several times with'water to

- remove éll ammonium chloride and then extractéd with

2 N hydrochloric acid. The aéid_solution was washed severa;
times}with benzene to remove all TTA. The -solution was
e#aporated to a very small volume and thén to dryness-on
0.25-mil Mylar treated with insulin. The source preparéd

in this way was very thin and virtually free from interfering

- solids. The source was grounded with Aquadag.

The Gamma Spéctrum

- The gammas were detected using a 3" x 3" NaI(Tl) crystal

for the higher energy gammas and both 3" x 3" and 1.5" x 1.5"
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NaI(Tl) crystals for fhe low-energy gamma. A sample sbectrum
is illustrated in Fig. 2. Featured are the l.3—MeV‘photo-
peak, the unresolved doublet at 1.0 MeV which have beén
pre§iously observed and interpreted, and their associatedu
Compton distributions. The backscatter peak associated

with the high-energy gammas here appears as'a shoulder on

the right slope.of a sharp, previously unobservéd photopeak
at ~175 kev. The backscatter peaks and photopeék of the

" other nuclides in the illustration were used to calibrate

the energy of the new peak.

. Originally this photopeak was considered to have arisen
from the decay of Sc47 which may have been formed from the
Vsokn;a)Sc47'reaction. However, to obtéin the 160-kevV
'gamﬁa of Sc47 in such intensity requires the reaction to
have an inordinately high cross section (~l1.2 barns). The
formation of Sc47 from the VSl(n,na)Sc47 reaction had been
considered energeticaliy unlikely. Borman7 and coworkers,
however, in determining the excitation function of the
VSl(n,na)S'c47 reaction, have measured the 160-keV peak
(unresolvable from the 175-keV gamma of Sc4?) reporting
a half-life of 82 hours and a cross section for the reaction

with 14-MeV neutrons of 3 + 2 mb. This half-life determina-
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tion was repeated. The decay of the peak was fqllowed

‘for about thirteen half-lives of Sc48 (seven of Sc47) and
compared with the decay of the 1.30-MeV peak (Fig. 3).

By means of a least squares analysis, the half-life of the
1.30-Mev péak, as expected,'was found to be 44.1 + 0.3
hours. When analyzed as a two-component system with a
half-life of thé second component assigned as 3.4 days,

the half-life of the 175-keV peak was found to be 43.9 + 0.6
hours fo; one spectrometer gain setting and 45.2.i 1.5
hours for a second gain setting. The second component

:was found to be present in 7.6 + 2.5% and 7.9 + 1.1% of the
total respectively. Certainly, at the initial time of
counting, no. more than 10% of the 175-keV gamma was due to
the presence of Sc47. These percentages are given as upper
limits since there is no real assurance that a second
component had ‘a half-life of 3.4 days or that it was Sc‘4‘7
if it did. Based on the above data, the cross section for
the VSl(n,na)Sc4? reaction is less than 0.3 mb. Thus Sc47
was‘eliminated from conéideration as the major source of

the 175-keV gamma.
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Gamma-Gamma Coincidences

The low-energy gamma spectrum in coincidence with the
1.30-MeV photopeak is given in Fig. 4 along with the
"singles" spectrum. Both consist of a 175-keV photopeak
and of a backscatter peak and Compton distribution which
were generated from higher energy gammas. The ratio of the
photopeak height to the Compton distribution intensity is
greater for the coincidence spectrum than for the "singles"
spectfﬁm. This is due to the factlthat.only the Comptons
of the 1.0-MeV doublet are in coincidence with the l.30—MeV'
. photopeak. The relative intensity of the Comptons in the
éoincigence spectrum is thus expected to be reduced by one-
ﬁhird. | | |

The data above demonstrate that the 175-keV gamma is
in éoincidence with the'l.30—MeV gamma. The data concern-
ing the coincidences with the 0.98-1.04-MeV doublet, which
is not illustrated since it is virtually identical to
Fig. 4, demonstrates only that the 175-kev gamma‘ié in
coincidence but does not determine whether it is in coinci-
dence with both gammas. The latter question is resolved
by examination of the high-energy gammas in coincidenée

with the 175-keV gamma (Fig. 5). Since there is virtually
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no change in the relative peak heights of the 0.98-1.04-MeV
doublet and the 1.30-MeV gamma, the 175-keV gamma is in
coincidence with both the 0.98-MeV and the 1.04-Mcv gammac.
A small additional peak at ~800 keV is in the coinci-
dence spectrum. By means of ancillary experiments this
was shown to be an intensified Compton edge caused by
coincidences with a small part of the backscatters of the
high-energy gammas which overlap the 175-keV peak. The
intensification of the Compton edge is due to 100% angular
correlation at 180° between the backscatters and the Compton

edge.

The Beta Spectrum and Beta-Gamma Coincidences

The betas were detected and analyzed by cn iron-free,
intermediate-image beta-ray spectrometer8. In order to
obtain maximum transmission the annulus was kept wide open,
reducing the resolution, however, to 4%. The gammas were
detected by a 6-mm thick sodium iodide crystal coupled to
a relatively noise~-free photomultiplier tube through a
light pipe (to remove the tube from the magnetic field).
When desired, both signals were examined for coincidence.

In this fashion were determined the "singles" beta spectrum
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(Fig. 6), the beta spectrum in coincidence with 175-keV
gammas (Fig. 7), the gamma spectrum in coincidence with
316 + 13 keV electrons from the beta spectrum (Fig..8),
and the gamma spectrum in coincidence with 534 + 21 kev

electrons (Fig. 8).

2

' In contrast with the observations of Nooijen and

coworkers, the "singles" beta spectrum (Fig. 6) was found
to have two beta groups with end-point energies of 658 + 26
and 475 + 23. There appear to be some anomalies at energies
~below 200 keV which may be due to sample thickneeS'or noise.
Nooijen'e Sc48 source was sald to contain some Sc47 as an
impurity. Wﬁen corrected for this impurity, which has two
beta groups with end-point energies of 610 (26%) and 450
(74%) kev, his Kurie plot of the residue was found to be
.straight. However, the energies of the Sc47 betas are
‘similar to those of Sc48. Despite the absence of further
details of the correction procedure, it might be reasonable
to suspect that over-correction had caused the loss of the
lower energy beta group of Sc48 which was observed in the
present work. Furthermore, for ehis work, Sc 7 is present
as an impurity to the extent of less than 0.7%. 'Therefore,

there is certainly no correction warranted.
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Much firmer confirmation of the low-energy beta arises
from the coincidence studies. The relative intensity of
the low-energy beta is markedly increased in the beta
spectrum in coincidehce with 175-keV gammas (Fig. 7). The
high-energy betas are due to coincidénces with Compton and
backscatter radiation of the high-energy gammas. Since |
the 175-keV gammas are comparable in intensity to the
compton and backscatter radiation under the 175-keV peak,
the relative beta intensities should also be comparable.
In the coincidence spectrum, the low-energy beta intensity
was found to bée about 42% of the total. In the "singles"
spectrum, the low-energy betas were found to be about 16%
of the total, but.anomalies observed iﬂ the lower eneréy
points tend to render this latter result as too high. The
relative intensities determined from the gamma spectrum
is preferable.

Of interest in the gamma spectra in coincidence with
different energy betas is the nature of the spectra in
thé 175-keV area (Fig. 8). Significantly, the 175-keV
peak is missing in the gamma spectrum in coincidence with
534-keV betas while it is almost completely present in the

spectrum in coincidence with 316-keV betas. These data
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£

again demonstrate that there are two betas, one in coinci-
H k1
X

dence with a 175-keV gamma. Both betas are apparéntly in

coincidence with the higher energy gammas.

conclusions

The results presented in the preceding sections
demonstrate that the decay scheme of Sc48 requires two.
beta groups, one followed by three gammas in cascade and
the secbnd followed by four gammas in cascade. This is
illustrated in Fig. 9 along with the latest informatién9
on the decay of V48. From the log ft value (6.4), the
475-keV beta transition may be allowed or first forbidden.
The spin and parity of the Sc48 ground state has been
reported as 6+ by Nooijenl, although this has been questionedg.
On this basis the spin of the 3.51 level of Ti48 can be
5, 6, or 7+. Insufficient data is available to improve
this assignment.

"I am indebted to Dr. David E. Alburger for the use of
the Van de Graaff and for aid in the beta sp;ctrometry
experiments, and to various members of the Nuclear Chemistry
Group of BﬁL's Chemistry Department and to several members

of the Hot Laboratory for valuable discussions. Mr. J. Daane
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and Miss J. Ford helped with some of the chemical separa-

tions.
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Captions for Figures

Decay scheme of Sc48.

Gamma spectrum of Sc48.

Decay curves of photopeaks from the Sc48 gamma
spectrum: a) the 1l.30-MevV photopeak —0,

b) the 0.175-MeV photopeak for one spectrometer
gain setting ——®, and c¢) the 0.175-MeV
photopeak for a higher gain setting (expanded
scale) ——\. Curves are displaced for clarity.

Gamma spectra of Sc48 in the 175 keV area:
a) singles spectrum —, and b) spectrum -
in coincidence with 1.30-MeV gammas —0.

" Gamma spectra of Sc48 in the high energy area:

a) singles spectrum ——0, and b) spectrum in
coincidence with 175-keV gammas. Window of
gammas in 175 keV area used for coincidence
experiment.

Kurie plot of beta spectrum of Sc48.

Kurie plot of beta spectrum of Sc48 in coincidence
with 175-keV gammas.

Gamma spectra of Sc48: a) singles spectrum

b) spectrum in coincidence with 316 + 13 keV
electrons ™0, and c) spectrum in coincidence
with 534 + 21 keV electrons —®.

8
Decay schemes of Sc48 and V4 .
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