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AN ISOMERIC STATE OF (RANTINM-275
Frank Asare end I, Periman

Radigtion i.abomtary end Departwment of Chemistry
- University of California, Berkeley, Califormia

There has been an apparent inconsistency in the data concerning
the energy levels of U’Z3 ever since it was noted that:
(1) The ground state spin of 1.7235 determined from optical spectrum
hyperfine structure is 7/2, 1,2 and this ic in agreement with
Coulomd excitanlcn studies, |
(2) The lowest ly:mg state of U 35 poyulaﬁed in the alpha-decdy of
Pa 3? 5§wew}t],;,* nas spin-1/2, siace it and the seguence of
levels above it have ‘the chaerecteristics of & Bohr-Mottelson
rotational band with spin-1/2 base -»ﬁate'.q"s’s
(3) ‘Thers 5 no obvious gamme-ray trensition from $he 1/ state
to the 7/2 state; ewen though virﬁaa;lgvall'PuEBQ alpia-
transition populate directly or indirectly to the spin-1/2 state,
This infofmatien suggryts tham.Puzgg decays to an isomeric state of
823 which is either very long lived (to explain the failure to find the
sbundant 1/2 —> 7/2 gemma-transition} or two states lie zo close together
that the radistion is not obassrvable by ueual methods. For an 83 transition
in s heavy elewent i% is improbable thet the lifebime can be long, since, as
will be pointed out at th en‘d‘ of this pote, no matter how low the ensrgy

PJW

- becomes, the ccnversion coefficient boeomes correspondingly large. HNewertheless,

wn the suppbsition ‘that the radiation wms measurable bui long lived, careful
Y-ray and conversion electron mﬂa.surements’- were made in this lsboratory on a
sample of Pu">7 which lisd sged for several years and failed to show any
rediations other than those previously seen., In addiuion, a chemicsgl separabmn.
of uranium was mede; this also gave no evidence for the iuomemc traasition.”

VYery recently Buizengs, Engelkemeir and mmpkins have looked at the opticel

. . R e . ) ¥ ~_
spectrum of U7 removed fraom Pu‘zjg and foumd only the T7/2 state, setiing a

lower limit of six months for the half-life of an isomer of spim 1/2.

The alternate explanation that the radiation wes too soft to be deteeted under
the means employed therefore seemed more attractive; same evidence for this
appeared to come from the measurément of the comversion electron specirum

of Shllagln) who found 2 kev clectrons which were fairly promisent, is will
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CEppeEr ‘belm%, we have found the ifsomeric state deceying by the emigsion of

- very Jof‘c emctrcma, but these seem to be of even lower energy than those

n,yor‘bed by Shliagin, ‘
The iSOlﬁ‘E}TiC gtate confi.mimg these cmc?.uuian was found by collec*l,ln,g
reenils frog the alpn&-ﬁecav of Pu” 39 and counting the (4’“"5“'3 in a windowless

‘px'-:s;rortiomal somater, - The. &;smples were Pirst collected on aluminmm Toils,

using 600 volt negative potential to deyosit the ions wiich had dissipeted AR
their reccil emergy in edr. several sammples o collected contained about 3000
counts per miﬁute‘iwhith decayed to the background of 20 counts with e half-

life of ¥6.5 ¢ 0,2 min. In cme exgeriment a chémical seperation of ureniu

fxam 'pjiu-wnimn yié.’-!.ded o smaple with the same decay enaraac‘teris tics, but the
appa;rért :ffield'wm iy bex.&’ﬁm. of ﬁelf-sahsorﬁtion of ?;hc,' &xi;re“rxe,;y soft elestrons,
By the recoil ’ae.«..hed from a u-&."‘ﬂle of Pa(‘ig which hed & surface density of 1.5

v

_microms/cm , the yield of soft clectroms from the U~ = corresponded with 1

electron for each five Pugsg alpha-emis‘;si@n events., 5 sample of plubtunium
somewhat thicker {~ 7 ;ign/cma ) gave an intensity of soft eledtrons of only 1§ R

8o it is en‘»irely reasohsble that every Pu‘)i{} decad gvent goes through this
isomeric trensitiom.

A rough mesgure of the energy of the electrons was made by an absorber
techmigue in which recoils were caught on thin plastic filis end cuunied, with
the émag}l@ clternately f}zacimg upward end dewnward, The "range” so determined
indicated thot the energy of the electrons is lesz tham 1 kevw. & plastic
film of 2.5 micro@*mns/aﬁz e,hlcé.x--us cut down the counting rate by a factor

grester thar 100, so there dves nob seem te be an epprecisble nuaber of elecirons

with energy even ns high as 2 keév,
An exemination of possible essigmments of the two U 235 levels sccording

to Nilsson pare ich etatea:%. ?3‘1 in g deformed well, suggests that the most

Clikely agsig;nmento consictent wﬁh all information are 1/2+ (w:)éngtc"i:ic guantums

nusbers K = G, n, = 3) end 7/2- (K =7, n, = k), The isomeric irensition would
accordingly be E3. '

| The tranciticn emergy is deduced to be & 2.2 kev or less asswing hr
I

11X
teken 5o be 1 kev and they resulted from K shell conversion (largely b,n znd

cotiversion asccording to the following reasoning: If the electrons are .

L

E&H levels), theps should alse be sizeable numbers of clectrons frat ¥ shell
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conversion; these would have energles of ebout 5 kev, Heither hliagin'c
eleciron spectrum nor cur absorpiicn measurements gave evidence for sush

LY

elecurens, C(onseguently, the sofi clecirons must come from conversion in

% shell or higher., With less confidence the similer argument cen be made
that the electrone are not converded in the N ubell becsuss the W oand O
edges differ by ~ 1 kev, If the observed electrons come fram O shell

conversion, the transition emergy would be 1.2 kev or less., Cowiocusly,

- more information must Le obbtalped before the isameric trensition energy

can he decidsd,
- Interestingly enough, the calculsited lifetime fur this transition

is almest independent of decay energy in the energy renge of interest, The

samna-rey enission helfl liven bassed on the single nmroton sramsition relations
J : , ‘ he
1z i - -
o 7 are shown in ‘fable I for a series of yomma energies , and also

T Moskowski
lizted are internel comverslon coefficlents obiaiued by extrapoleting Rose's ™
¥ chell éoefficients and gssuuing 3-fold decrease for the B shell and for

eachh successive shell, It is seepn Thet the estimated decay helf-lives chonge

by an order of nagnitude for a2 change in energy of o factor of 10, If we
assuwme that {or the U S cape the memsured half-life vhould be 1 second,

this B3 transiiion is then silower than the calculated single proton Sransition

by 8 factor of 107, Such a degree of reterdation is quite unermed for B3

trensitions {vee Goldhaber and Bunyar ) although the grest extrepolations

imnvolved in the present case probably mean that the sgreesment is fortuitous,
Table I

LY
Caloenleted half-lives and econversion coefficients
' %, trzapsition in urawnium B A ‘
 Conversion Total helf-life
coefficient {sec)

Energy Partvial y-decay
{Jzev} ‘half-life {sec)

0 1.l = G?- pis)

B

G
5 1.h x 107 10 1
72 E ALY
3 1.1 x 0% w0t 1
0.5 b x 10%° 10% 1
2:'}@

i

"

o

o
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2.1 1.1
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