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A POSSIBLE ISOMERIC STATE OF RsE

H, M, Neumsnn, Jo J, Howland,” and I, Perlman
Radiation Laboratory and Department of Chemistry
University of Californis, Berkeley, California

The neutron irradiation of bismuth st high neutron flux has producsed s
new bismuth alpha-emitter of very low activity which can best be assigned to
Bi?l@@gﬁan isomeric state of RzE, In a previous rnnorﬁ“ this activity was
indieated on an slpha-snergy vi. mass mumber plot as 31208 (with the masse
mamber in question) on the sssumption that it was formed by an (n,2n)reaction
from the reiatively emall mumber of fast neutronsz, Th@lalphampartiele ShSTEy
of thie new activibty is 5,03 £ 0,05 Mev ae determined in an ionization chamber
soupied to a pulse helghlt ansliyzer. This value for the energy is one of the

; the assignment to B 408 gince, according to the systematbics

ﬁ::

grgumsnts againg
of alpte-radicachivilty, iR we would expect the alpha-energy of r1208 55 e
even iless bhan that of Bl mhzoh itzelf must be asboub 4 Mev or less,

The alpha-sctivity was cbserved by allowing the irradiated hismubh bo

fa
v}

ghand for gix months undil all of the five-day Ral had decayed after which 1%

<L0 presant

was rigorsusly purified, first from the great alpha-activiiy of Pe*
and then frem ail other pogsible alpha-zctivities, To reduce any Gelger-
sounter seblvity that might be present, special purificaticn from sush elements
as silver was performed in addition to purification from heavy elements,

The bismith finally reached a constant gspecific activity of 1.9 z 0,1 alpha=

@ S o \‘a" ﬂ
per minate per milligram and 2,0 = 0,2 elschrons or beta=

“(ﬁﬁipal experimental evidence that this alpha-emitter is an

iz the identification of a thallium daughter with the proper-

v o s . b oo et s .

The haif-life obtained was 4.2 - (.5 nin, in agreement with
. 206, o e 3 . ;

the reporbed walue for Tlﬂg”s 4ol23 min,” There was available Insufficlent

activity to determine the beta-particle energy precisely bub through a Pactor

of ten in sbsorpblon, the absorpticn curve looks like thsal reported hy
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Krighnsn and Nakun® for le%o Within the experimental uncertainty of about
ben perseant, ’tqheng. all of the radioactivity of the p3210m may be ex;ﬂainedl
by the alpha-particles for Bi2 00 in equilibrium with its 4-min, beta-emitting
dauéhtgr leﬁée {At the time this work was done the principal evidence that
the 4emin, period is T19% pather than T12% i that of Broda and Feather”
who identified this activity from the rare alpha-branching of RaE, Dr. D, H.
Templeten and onme of the authors (I, P.) ... irradiated some enriched
thalilum stabls isat@pe@ﬁﬁ with moderated eyslotron neutrons and obtained
gvidense that the 4-~min, period was indeed le'%,, More conclusive confirmation
of this assignment was obtained by Dr. B, He Ketelle™ who irradiated some
separated thallium isotopes with pile neutrons,) |

The disconcerting aspect of the assignment of this activity to Bizlom
lies in the sonsideration of the lifetimes toward different modes of desay.
If it is a metasiable state of Bizlgg it should also decay to the ground stats

i divestly to Pe-C by P -emission, Indeed, if we accept the data to be dise

o

s

cussed below, this nucleus should also be unstable with respect to RaD. It

U3

i3 pessible to ealeulate these decay energies from the alpha-energies of the
two states of B i“lg and known beta-energies, and to set some lower Iimits om
the helf-lives for the different processes,

let us firet consider the isomeric itransition energys that is, the
difference between BiS-0R and RaE, the ground state, This can be obtained by
comparing the alpha-energles of the two states, making the assumption that both
alpha-transitions go to the ground state of TJLQ%o The alphadecay energy for

'\y'?\

“*‘”‘”@m a¢ debermined in the present study is 5,12 z 0,05 Mev, That for RaE can

be ealeulated by closing a cyecle invelving the beta-decay energies for RaE and

722% ang the alpha-decay energy of o109

o Broda and Feathergﬁ who diseovered
the alphaabmmhing of RaE, made this calculation arriving at the decay energy
4086 Wev for the alpba-decay of BaEs bubt in re-svaluating the data of Krishman
ad N&hm‘%’ and of Fajans and ‘Vf@igﬁg for the beta-energy of T12@6, we havs

o 00,10 Mev which revises the alpha-energy of RaE to 4,94 ¢ 0,20 Mev,

Q
palested 1,23
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The emergy belween the isomeric states of 83?10 would then be 0,18 = 0,11 Mev,
The wncbgserved beta~decay energy is accordingly 1,35 Mev and the electron-
capture energy %o RaD, 0,1 Wev, _
The slpha half-life for B*Q is not known other than that it must be

greater than 25 yesrs, based on @baervatlon of the alphaaact1v1ty over a period
¢f 15 months, From the failure to £ind pei0 growing into the sample whicgh
wonld result from both the isomeric transition and beta-decay, it is possible
to pay thalb these dacay modes are at least 2000 times slower than the alpha-
dessy and thersfore have minimum half-lives of 5% b years,

& obvious that the most stringent requirement in explaining tha

=
frdo

)

leng half=lives will be demanded by the isomeric transition, Using the =z~

pression snd conventions given by Segrd and Helmhols® relating decay constand

ct
[]

o the opder of the Pransiticn and the transition energy, it would appear iume

ANE]
%

Gl

5
(5]

pess to explaln the )5 % l@“ yro half=-life if the transition energy is as
great as 0,1% Mev even if one assumes a fifth order transition, However, if
the %ranai&éan energy is 0,07 Mev, the salculated half-I1ife can become suf~
fistently long, |

With the uncertainties still existing in this gtudy, it is not consid-
ered profitable to atbempt to assign spin mumbers to the different muclesr
sbates in bhese transitions nor to interpret such states in terms of the newer
congiderations of shell structure, It is perhaps worth pointing out that
other ceses of muclear isomsrism are being found in the heavy element régimng
and the analogy between this case and other odd-cdd pairs such as 2aPh2 Al

55, ** 15 not oo far fetoched.

'his work was performed under the auspices of the U.S, Abomic Energy

Commizssion,
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