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A POSSIBLE ISOMERIC STATE OF RaE 

H o Mn Neu.man.n~ J., ,J o Howland.!l '*· and Io Perlman 
Radia.tio:n Laborat,o:ry and Department of Chemistry 

Univers:J;ty of Clalifornia 9 Berkeley, Califorrda 

Tbe neutron irra.dl.ation of bismuth a:t high m1utron flux has produc~ed a 

new bisTIWl·~h alpha=amit.ter o.f" vBrJ low a(~tiv'ity ·wh.ieh can 'best be assigned t;o 

210M il 
:f:ll_ . 9 .. a£1 ise.me:r'i~ :st.a:te of.' RaEo In a p!>e"'dous rapor·t~- this a•Jth·i'ty was 

ifi&iC!S;t,e;d OJZJ\ an a.lpha""8'ne:;rgy ~if:?.o ma.ss number plot as Bi208 (with the maS£:1 

rtvmibC~T in que\Stion) on the as8U1ll.ption that :tt was f'orrned by an (!t,s>2:q) :r·sacrt.ion 

f'rOl.'fi the rela,o:.;iVt~l;t &mall rnrmbE::r of fast neut.rons, T.h~;J al.pha=particle enez•gy 

r ' " .ll ' 
0 i' i .. ,., '~ '*' 0 "' e:: M d -~.. 0 d " 0 0 t " h b lb> 'bl1.i.~ !:Jl@l:'W &Cn;.].;V 'to'J · ii£ :?oU.;- = •oV.J 8"\1' aS El'lierffi1.U€. :r.n an 1.0rnza ·l.Ofi r:?- am 81" 

B.~a:m5 arg-umerr'~,s against the as.sigrrme!rt t.;c. .,., ;ed.nt:<;e~ :aDc:orJi11g to the syste,ma:~;ics 
~ "" "'00 of' alpba,=:red.i.oa.c.d·,:i:·u'i:t:.y /51~ W@i would. e:x:pe~t the alpha=energy of' Bi,(; to be 

®,Ven less t;b:an that of Bi209 which itself must be about 4 Menr or less o 

The alprm=ac:tivity was o:bser1red by allc1wing the irradiated b:ismu:th -!;,o 

8Jt,arlli f'c:x: s.L>~: mc.mths r.trrtil all of the five-.:lay RaE r;.ad de::;a.yrsrl a.ft;er whi.c~h ii;i 

21 0 ·wa~ rig!\.i!l"!CU!lllly' pu:df':ied p first !'rom the great, alph.a=ac~tivlt.y of P©-.1~'-'' present 

am then f':r'v,i>m s.11 other possible alpha.,.,activitles o 'rc !'educe any Geiger= 

®~:!iOl~,t,er e,r;~ti.'1!'it,y that might be present~ special purific:ati.on from such elements 

as silvel!." wa!8 performed :in addition to puri.fica tion from hee:~ry elements o 

The b.is:xmlt<h f'inally reached a constant spet~if'ic activity of' lo9 ! Ool alprJLa. ... 

'I'Z:i.'H:l p:.r:JL.n;:;ipa.l experimental evidenee that this a.lpha=emi tter i.s an 

i~.~·l'me:r of' Bf1, i:s the identi.fication of a thalli:um daughter with the p:rG;pe!·= 

T'he half=life obtained was 4o2 ~ Oo5 mi11~ in agreement w:i.t;h 

a~t.ivi.f\;;y t;e.'» determine the beta=particle energy precisely but through a fa~;~o'ir' 
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~~'i'. per~(~ntv t:htenv all of the radioactivity of the Bi210m may be explai.nOOJ. 

by the alpJ(]B,=pa.rticles f©r Bi 210m in equilibrium with its 4 ... znino beta=emi tting 

dau.gh.ter :rr405J 0 {At the time this work was done -the principal eviden~e that 

the 4-=illli)u. 0 pe.•rlod is Tl2:~ID6 rather than Tl204 is that of Broda and Feather5 

'lJil'h@ identi.fied this a~tinty from the rare alpha=branc:hing of Ra.Eo Dro Do Ho 

TemplE~ton alld ohe of the ~utho:rs (Io Pc.) ...... l.. irradiated some enriCJhed 

the,Jl.:Ji:ll:mn stabl® isatopes• with moderated ©y©l~CJtron neutrons and obtaimJ.edl. 

&1f.i0len(~@ tba.t; the 4=mino period was indeed Tl296 
9 More conGlusive ©Onfirmation 

of ttrliS s.ssigr;;marJtt was obtained by Dro Bo Ho Ketell®H who irradiated som® 

®®pa:?:>atad f_;b.a1llu.m isotopes with pile neutronS\.,) 

Th.tai dist:Jon:Clerting aspect of the assignment of this ac:ti vi ty to Bi 210m: 

lies in the ~onsideration of the lifetimes toward different modes of decayo 

If' it is a metasi:,able state of. Bi210
9 it should also deeJay to the ground stat~ 

alrirl. di:Jr®'Ertly tOJ P©.2l\O by ~., <2>smission" Indeed 9 if we a©cept the data to b® dis= 

~iilt~se:~ bsl,5iw 9 this r.ru.cleus should also be unstable with respect t~ BaDo It 

i&J p~&:lsi'!tlle to ©alc;'iU!ats these decay energies. from the alpba=energies of the 

~lrD 
tw~ stat;es of ~i"" ard known beta~energies 9 and to set some lower limits ltllril 

th~ he,lf=lives for the different processeso 

JLelt USJ .f:b:·st; consider the isomeric transition energy$ that is 9 the 

o.if'f'erenc't~' b8tween B:~?lOJ£ a¢ RaE9 the ground stateo This can be obtained by 

~~mparlng ths alpba=energies of the two states 9 making the assumption that both 

alpha=transi tions go to the ground state of T1206 Cll The alpba..O.ecay enell"gr froor 
~~ + 

B:ll:"'·.:~· · as de·~e:nn:ined in the present study is 5ol2 C) 0o(Ql5 Mewo That for RaE ~an 

To)® @al©~lated by ©losing a CJyc:le involving, the beta=decay energies fell" BaE and 
2/6'1» 2">1 (Ql 5 

Tl ~· and th.6 alpha~ex~ay energy of P® .Jh · o Brooa and Feather9 who dis·©OWered 

t;h.<e alpha=bz"an;Q1hing of RsE!l made this calcuJjad;ir2Jllll a.ni:rlng at the d.e~ay en~gr 

4oS~ Mew f'©Jlr th<e alpha..O.eCJay of RaE3 but in re=®waluating th6 data of Krlshmlalm 

am Na~d~ am of Fajar~ and V©:igt3 f©r the breta=energy of Tl21Ci6 9 we haw'~ 
~f~let¥~m lo'&21 ! ~olriJ Mew Whi©h re'Wi$le~ thre alpha.«>energy of RaE t© 4o94 !; OoliOl Mavo 



• Tbe ®IDl~'tgy h®tween thr;:J is01meric sw.tes: or Bi2ltril would then be Oo18 ! Ooll Mevo 

Tl1<~ _ ~~i')bS®:r'~'ei l'cst~~e©ay enelr"gy is aecordingly le.35 Mev and the elootr©n., 

2111\lwl 'l!m® alpm rllB.lf' =life for Bi ~ is not, known other than that i.t nmst ba 

&;l'e>.a,t~~ '.\;hem& 25> ysars 9 based en obse:rvatior.L of the alpha~ctivity over a period 

©f l' m6;:tlltlh:.0B o From the f'allure to find P©210 growing into the sample which 

would. resu.l t, from bot,h the isomeric transition and beta..(lecay 9 it is possible 

tr01 5\a:,'l?· t:tat t.;hese de~~ay modes are at least 200()1 times slower than the alpha.= 

Ol.®91s.y aJu.~1 ·t:tt<EJ:ref•W>ll:'e have mirdnrum rmlf' =lives of 5 x 1o4 years o 

Jt:t i~ obvious trlat the most stringent requirement; in explair.ing the 

lrgrz.g A];Sl.I:f'=Ii'IY<?.S will be demanded by the isomeric t,ransitiono Uslng the ax:.,. 

pY'es~~~::t:o'. a.1:d ~onvent.ions given by S9gr~ and Helmhou6 reJating deC\ay constan-t 

to tc?hE: ~~§l.~,C;!~~~.i ti'':l'l;'l:. and the transition energy 9 it would appear im= 
p 

p(Q;;ss:i'b<le' t,,,21 @.;."{:plab t.:b'.® ) ::; :J~: 104 yr o half =life if' the transition energy i$1 as 

g:;_'C'eat a@ t'iolg Mev wen H' one ass'W!les a fift,h order transit,ioilo However!> :L.'f 

th® tl"ans:T_,J;,ie<n enel"'gy is Oo07 Mev9 the ~alculated half'=llfe can 'become sur-

W:1L~;.h i;he 1m:;;;ertai:nt:tes still existing in this study!> it is no>t consid, ... 

e!'ed p!"(tf'i "(~3,·/b:le to att~empt to assign spin :tmmbers t.o the different nu~le.aT 

~tates ibt these t~ar~itions nor to interpret such states in terms of the newer 

eoooide~t'~.tions of shell stru.©tU!"eo It is perhaps wo:rth pointing out that 

©ther ©ases of' rK~.Iu~lear isomerism are being f'ound in the heavy element region9 

and the analogy- bet,ween this case and other odd=ood pairs such as m242~42JD. 
2"~' ~ ;;?;":' ~ 

and. ~ ;;'1'ii-=1JiX~, <"'"'{)> is not t©l() far fetehedo 
tf--=:> 
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~121W at Br«)Joldllaven National Laboratory 9 Upt«)Jnll liong Isla-ndv New YtOrko 

H 
We a:l!:'e i.Dlebted to Dl"o Co Po Keim and the Isotopes Division of the 

AoEoCo f'©l" .fU'irn.ishing the separated thallium isotopes and Dro Bo Ho Ketelle 

~· of the Oak Ridge National Laboratory for his Gooperation in assigning th@ 

4.~'Illi::D1o thalll'wn a,~t:i'ri.ty o 
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2= J.o Per.bi'Jallll 0 Ao Grhiorsov and Go To Seabolt"g 0 Ph.yso ~0 (January 19 
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