UCRL__ <277
iﬁb’%&ﬂ@é?i”ﬁ (o

I
i/

UNIVERSITY OF
CALIFORNIA

Radiation
Laborator

7

TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

BERKELEY, CALIFORNIA "



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.



UCRL-2277
Unclassified -Chemistry Distribution

UNIVERSITY OF CALIFORNIA

Radiation Laboratory

Contract No. W-7405-eng-48

ALPHA ACTIVITY OF Sm14‘6 AS DETECTED

WITH NUCLEAR EMULSIONS
Dean C. Dunlavey and Glenn T. Seaborg

July 15, 1953

Berkeley, California




-2- - UCRL-2277

ALPHA ACTIVITY OF Smll‘lt6 AS DETECTED

WITH NUCLEAR EMULSIONS
Dean C. Dunlavey and Glenn T. ‘S'e‘aborg
‘Radiation Laboratory and Department of Chemistry
Universi_ﬁty of California, Berkeley, California

July 15, 1953

Alpha radioactivity in the rare earth region‘ was first observed
in natural samarium by Hevesy and P‘a}_)‘l',l ‘Further i"nves_t’igations
of samarium proved the emitting isotope2 to be Sm147 with an alpha
particle energy of 2.18 Mev‘,--3 No other naturally d‘ccurzfing alpha
radioactivity has yet been reported among the rare earfhs, but
following the disco’vefy4~ of artificially produced rare earth alpha
emitters on:the neutron déﬁc‘ieﬁt side of:stability, a comprehensive
experimental survey and correlation of such rare earth nuélides has
been made by'Rasmu%‘ssenl, Thompson, and Ghiorso: 5 -This work showed
that the alpha parficle’ energies for isotopes of a given element
increase vﬁth decreasing mass numbér, reachiﬁg a lfnaximum\in

that isotope which decays to the stable configuration of 82 neutrons.

' The effect is analogous to that found in the heavy element region

where the maximum alpha energy for a given element occurs in.
that isotope which decays to'the stable configuration of 126 neutrons.

For the element samarium, the maximum alpha particle energy

would be expected to occur in Sm’146. This even-even isotope is

presuméd to be beta stable since it-occurs between the even-even

beta stable isotopes 'sm144 and Sm14_8. Therefore, the absence of

Sml46

(abundance <0, 002 percent?) from natural samarium has been
believed due to its decay by alpha particle emission with a half-life

of upper limit ~108 years.
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A succes sful ’atternpt to produce an arnount;of.thi“s isotope
sufficient for 1nvest1gat1on of its propert1es was made by intensely
bombard1ng a target of pur1f1ed neodymlum metal of natural isotopic
composithn with 40 Mev helium ions.in the internal beam of the
60-inch cyclotron, At a time several days after the bombardment,

. the samarium“fraction was separated through vthey use of a 'colurnn
packed with DowexFSO cation eichange resin and the use of ammonium
la.cta‘te eluent. A.fter the intenselv :radioactive‘él'!?'ahour Srnl'53 ’had
de:c'ayed aliquots of the samarium fraction in dil.ute ammonium citrate
solution of pH 8 were 1mpregnated rnto Ilford C 2 and E l nuclear
photographlc ernuls1ons for 72 hour exposure 1nterva]s ' |

Exam1nat10n of the developed emulsions w:th a m:croscope

revealed about ten alpha partlcle tracks of mean energy 2 55 + 0. 05 Mev,

Th1s alpha energy value, cons1dered together w1th the propert1es of

the known samarium 1sotopes, 1ndlcates that the em1tt1ng 1sotope is

Sm146 forrned by” {a, n), (d; 2n), and (a"l, 3n) reactions. Thismenergv'

for Srn146 agrees well wrth that predlcted by Rasmussen, ‘et al. >

The beta act1v1ty of Sm 153 (47 hr) formed bv the (o, n)’

react1on, and the electron capture act1v1tv of Srn] .(4].0 day'),

'formed by (a, n), (ug Zn) and (a, 3n) reactrons, were observed
quantltatlvely uS1ng a w1ndowless.proportlonalcounter. An
app.roximation of the tota'l ‘Sml‘46 produced was then madeithrou'gh
yield cornparisons 'byh‘calculating thel arnounts of both vSm153 and
Srn145 lnitiallv formed and‘ estirn_ai.!ti'ng':the ratio of the a’mou"nt::ofr»
sr}il% formed to each of the'se., Correlation with the ohserved rate
of the Zd. 55 Mev alpha .partvicle em'lsslon gives a half-life appro'x‘irn‘ation

of 5 x lO.7 years for Sm146,
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This. value agrees, within experimental ‘erforz,--, with the
theoretical half-life calculated using the formula of '-Prestons and
Kaplan. ? In this calculation, the value used for .f_the.nuclea,r:"radius
of the ‘rar'e earth regior;- was thatvr‘e“ported by Rasmussen, et al, >
which w#s obtained through substitution of the experimental alpha
decay energy an.d half -life of the even-even nuclide Gd148 in the‘
Preston and Kaplan formula. Thus 2.55 Mev corresponds toa
half-life of 1.3 x 107 years while 2,50 Mev gi{res a half-life abéut a
factor of four longer and 2,60 Me;r corresponds to a half-life about
four times shorter. |

. We are happy to acknowledge the cooperation of J. G. Hamilton,
G. B. Rossi and the crew of the 60-inch cyclotron in the helium ion
bombardment of the neodymium, the many helpful éuggestions, of
J. 0. Rasmussen and the assistance of W. E. Nervik in making

the chemical separations. ThHis work was performed under the

auspices of the U. S. Atomic Energy Commission.
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