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~;..003, J3Iewiml-204:. m;iD ... OO~a., tJID ~!m~l'H-205 

· . Arnold R. Fri tach and Jeclt t.i. uo.l.l.mld.el~ 

iladiat:ton Lebor~tory· · a;nd llepa.r1L1ent of C"nem:,;.tstry 
Univero~/ty of Callt\':Jrni·a1 Berkeley, Ca,J.ifurr~.:Le. 

June, 1957 

t. t.rtu.d)· haa Peen iaad~ . o:f the radiationa from th~ neutroo .. 
· · · · · ro-~ · ·-=>o4 . Z05 · zoJ.an 
def:l.tri~t, .isot.opes & ..; 1 Bi ~.: .. , Bi · 1 and Pb · , pr1nei1~ 

iY eorive~ion .el.{;!c~tron sr.ectlioseopy With four l.8o0 electron 

· · . zpectrogr~phs of the perm.3ilent..znt--1@1et ·type. Tile decay scb-~s · 
. .~ ' . . . . . . 

·p;f th.;:• 'ois.;titlth isotopefi are f.ouild t.o t;e very carr~, tll!ld in 

... sJ)ite Of' 11$(§'l:·resolUtion etudi.Ci.> and 60lne co;tnc:id<:mCe 1JOI'k ~que: 
. l~"ei s~~ caim01t he gi. ven in any case. A n.t'n-t 1:.l.'Wl~;i·tj.on in 

. . . . . '":()4··. . . . . 
tile deca.;;r o~~ the l~·~ )i's<t)"' . · 1t!Oi."iier ·hs.a oc--en iderltll'i~;::d at . ~~ .. 5 .. .· . . . . . ·. . . . . . . roJ~ 

kev; and thi~ i.!3 .inta~·~ed a.s. ~udsing from. a. 4+ state of Pb . · 

at '1563~• · A .ccmpa.ririKm iii given of the res~ of the· presen.t -study 

. of. !li 205 a~~ ~'1 t.h ti~se of .o·Gher rec-ent. spec~·O{icopi:e wt-udies of . 
. . . .· ......... ti. 005 . '\ -~ ..:"!- . . . 

··~~ 1,·j.) · _: ..U':v~it 
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RADIATIONS FROM DECAY OJ! 

BIS!~·20J, BISMlPrR-£-'04~. l.EJW-201&~ AND. Bl.Sl-1L'Ttl-205 

. . * . 
f..r110l.d ~. Fri tach. and Jack M. Hollander 

Radiation Laboratory · alld. Department of Chemistry 
· Univere:;i ty of California,· Berkeley, California. 

J:l.me 1 1957 

... · ··• St\JI.dies -of the e:).eet.roo.--ea,pture ~d.eca;yu of the neutron•defi.cient -. ·•· . . :·J .. 

biranu~li iac.rtqpes have be0n of interest because· they provide a means .of 

... · abse~ the: energy .~ls of .corresponding lead. i.SOW!:ES that differ 
. •. . .· . . . -· .. · . 

:t,r~··tne.:·double.-c1osed shell bJ oniy one .. or more neutrons and hence ere. 
.·· . .· ·' . . . . . 

describable 1n terms of the ex~eine single-particle: model. . 

. . . . ·:·•the dec!J¥· o'f .B1Z07 populate:a level.s of Pbao'7~ levels of a oingle 

.. net).tJr~ ·:~hole) in the . 126 Sl'J.ell, 'fue6e .J.evels ere 1 ,iri orde~ Of increaa-

.s.As. ene~&V: pl;jz• r5121 P)/Z'. 11312, and t112 • . ·· . 

~ l.ev~~ .ot~ a heutron ~r nlanif(~.st ·tllemaelves in Ft206 
11 and 

·l:W.Ve· ~n studied from the. eJ..ec·trou .. ca.p"tiUre· decay oi' Bi206 by Alburger 

: and.Prycel. l!hei.i- resuJ.ta indicate a marked increase :1n cOmplexity of 
. :~ Pb 206 ).evels over th.o~e. of Fb m as eVidenced by tbe tweuty~ail!: 
t~:ans·it1~ and ~lve states that ~ reported. J!..n approximate theo .. · 

retieal treatment ot the two neutron hol.es, ortginally developed b;y 

Pryce, 2 wa.a ··applied with considerable success in , the interpretation 

aud understanding of the experimt'i!ntal PbZ06 results. 

~~-·work. had a.e its· o~:~ectiw the study Glf \.he dec~·s of :s1203, 
204 . 205 .· . . .. 

B1 ., · and Bi by met.bods of h1gh-resolut~on beta. spactroscopy. 

· Subseqilent to its completion, \ole became e;t¥sre oi" the:: de tailed study of 
205 . . . . ":( 

~1 by Scbmorait, Stoekendal, McDonell, Bergstr8m., and Gerb.olm. ·' For 
. . . ror 
the moat ~t, the tranBition data or the two 1nvestiget1ons of ~i / 

are in· good agreement although t.be e~ctron-eleetron coincidence worl~ 

*· Present address: Westinghouse I!:.lectrlc Corporation, Pittsburgh, PO.. 
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by Sclmlorak e·t a.l. leads them to a different conclusion regarding the first 

excited ata;-o~ Pb205 from tb.e;t l.te have reached frcth consideration of .Po 009 

aliJba, ... ct.ecay data.. He _Gllall .~ot present here our data on Bi 305 in det.ail, 

:but· only point out ~as where further worl~ ee.eme 02cesf:_la.ry ~ P. more com;pl.e"re 

deseription of this~ is to be found in the thesis bl one of' us,~'(A.R.F.). 4 

. . · \lhe. p~~t -~sW..ts on B1 Z03 , and s1204 are in no sense complete or. · 

even satisfactory. However, ae fur~r- work is not being carried on \presently 

·· 'in· ·~his. U.abpratory.'.on .·· th.i~ problem,.::; ·: . w;a 'believe~ ~t a brief' a\Dlal"y 

or· our experU!leata.l aata wtmld ~ of'- value even ti'lout(;h unique deeay $cllemea 
. . . Z04' - . . '. 

c8l)not be giVen~ In9.eed, .Bi . decay, with 67 transitions ident1f'1ed1 may 

cont.iru.le to chall.enge nuclear specj;roscopist.s for aome tih"'le • 

. •.The bismuth a.ctivitie.s were. produced "by mee.ns of al.pna-;pa.rticl.e 
. . . . . . . .. . ?.03 20'' 205 . 

l;)om~nts ·N¥5~ enriched ssnp~s of ..r1·. . ( 8o)l 1:'1 · . .) 1 C:\Jf;; CJ.'l ) , . l.VlirlS 

the. croCker 60··1ne.b cyclotron. T'4e energies of tbd alpha particles were 

cltosen :til . sucll a manner that a, distinction could be . made be~ween the . 

nU¢lides. · IJ.~· .obtain the 14·~ Ei005, baribardment3 ltere carried out a.t 

.. 28 t~1ev, ·wlli.'* is belov the <t1 3n ~sllold and ~ret allot'IS ·the ful.l .. o:,2n 
y1~~~· to be otltained,.. Bi~04.·and·Bi203·.e.re ·not produced at this energy, 

·.. ·. . 206 . . .. 
and ;contam:inat10n by .B1 · · · is hqld to a miniL'lum. Fox- stu<;l.y of 12-hour 

Bi 00\- bcinbaz~~nts of Tl.203 were r.nad€· at 3e Mev; at this ~~ergy :a1·oo3 is 

n~t· produced: but muCh 3i Z06 ls :f'omed :from the a ,n reect:ton on Tl2CJj and 
. . . . . . ' . 205 . . 206" ' . 204 . . . . 

the (¥ 1 3Jl .re.MM.on an Tl • ·. Bl and Di are relatively €il"asy to dif· 

.ferenttate~ ~ver~ be~e of .the .large dif'f'erenee in tl'le'ir bi:ili'· lives • 

. . ~ 12- BiZOj was G'btain.e~ by £W.,.1.:.energy allilia bomb~....nts at 45 Jl1ev. 
. . . .. .. . . . . . . . ' . . . . . ' 203 . . 204 . . 
Ap~tel.y eqU!U ~untt:> or lZ-hour Bi and J...Z ... hour Bi are· fOl'mea 

·at·•·thi$ ~$!'~1 ·hence tM ·ass.i~erit o.f ·tr~:Jitions t..o Bi203 could be made 

ooly after Bi~~4 had..l:ie~n · ~tlld1.ed. · separately. . . 
. ; . . 

· , . 'lhe_ target ma:ter~o.l; T~2.oy ~s.s diasolved 1mlile&ately after. l>om-

b«r~ent in _a.·mtnimul11 :vo~1e ·:of c:onceritratea: h;>"drochloric ac!id •. Recovery 

'of. the thallium - eff·ected. b:t extrac,tions with dieti'lyl etll<.~ ~a.turated 
"-r:t.tll conce~tre.te<i !~y~i.e acid •.. 'lhe activity was aclsorbed on a . 

DOvrax•l cm.io:n...;;axctumge. c·ol~~ toliowi.ng ·wtucb tne tead .fra.ction \#:I.S re
moved. ·l~y 0lU:t1on W1 tb . 20 ml

0
of 0 .J.! Bel. '!i1e bismuth act1 ;r;t-ty woo then 
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stripped f'l"om _the ,colU'm ·with ·l!.lt2~, eva.po:ra:wa to Qrj,ness, dissolved 

. ill dilute liel, .. dna emo·~quen:tix electroplated upon 5"1!1111 ple.tintm! rtres • 
. : . . ' . 

~DieNT1,.L · MF.mOOS 

· Fboton .spectra of these ioo~e were obtained oy· use· of a Nai(Tl.) . . . . . . ~ . . 

. aeiri·till.a.;t~on Q.et.ecwr. eo·U]iled ·to ·01 . 50-cb.annel .mw.l)~. Conversion-

.... elec·tron sp:ctra -~ exam1ne·a t-."ith. four permanent~~t beta spectre-· 
. . . . . ~ . . 

· . ~J,ilii r~ ·._'in· fieid wtt>angtil from · ·50 gwius to 340 gaUSs and operating 

·: @.t: •···<J~l~ ~tum re80lution.5 -~ gsmme~ coincidence exper~.nta 
~ &.tso been performee.~ · 

~Lite· . . 

· . 'aw ~f Ute -of a:t203 W.S rooooul'ed ·'b3 £~ the ~cay of the 
. : . .. . . . 

K<!cOnvers1¢t·lli!e qt ~ 825·1~ tra.n~si ti.On in· tbf; .doul;>le•focuaing spec·trom-

~~~t:tb; 1*~--:~~§;~tl. ~l/~ = ll..5 ± l..O h,Purs~ 

flSint~ta.on s~r.rvm 
:Bee~ Of the canrJleiit.y of. tJlc· spectrvm. 8.rl4 recaunc Gf the 

. . · . ·. · ?Ol~- _ · · ·. 
;;?~~nee of Bi"'", . in. tue m:rmplea, tne photon spettrum revea.led cl.eQZ'l.y 

~ ·t.he strong trans.1 tion at 8:a5 kev, and. herice lroe of llttl.e value in 
. . . . . •. . . 20"" 
provi~ -illt'ormat:ton ~ut. tbe mamr ·other .t..l"QZl5iti~. from :s1 :> a.ecay. 

EJ.cetron . Sl,;ect;rl.i'il 

. . . · · & 'ew~ary of ·the Bi A'OJ tt;sns"itions observed from the electron 

spectrum ·irs given ~ ~l.e I. i!!igbt ~i~t.iio.."ls ha~e been iaelltified 

Conversion lines . of each; . seven oth!:Sr trmtS1t1ons are sss1gned 1'ra;u . 

obserrtttion ouJ3 of K lines~. Secrulf>e our sanWlez of: 15.1"203 were weeJr.er 
. 204 205 . . . G03 

tb.P..b the correapon<ifrig Si · and JU ~)l,e;,; 1 'Ire fee-.1 that the B1 

.spectrum re;t'orted bere ir> :l.ncOOiplet.t;,: ood that With ~'tr-...;ngF.-l' oourees 

. ~y more transitions td~ probab1~ O!~Jll!SJ.'. 

A ·mu.itipo~ity ::W,s~~t can d,efinitely be ma.de- for the_l26.4-

kev trim ... a t1ori, vllich is ide."'lt.ifi.ed. by "its L-em.bflml.l. corrrerfJ1on ps-ttern 
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Wrana~tioo: Relative electron line intens.itiesa Probable 
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1$6,.4 . 
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. a.. W~e Ur.t~O were too \real\. :fur d.enu~tometry1 visU$3. e-stimates of line 
bfucim~t,.;s . a.re giv-~. W = \roak, V = vr:rrJ· ~ 

b. •. Unresol.vcd ~ B120lt .1.05 .. 5-ltev ~ ~ Ur>..e •. 

c. The ~ as:Jign.ments bel.ow arc tentativ-e; o.n.l,y .~ K lines have been 
· obGer".rod. 

d;.- Mz line maskea. ~y 1f - L:J: - Lu !';~r line .• 

• 
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· · .a;s an E2 trsr:::d.tion. Tile 60.11, 117. 7., l&S. 51 and z64.o .. kev ·tre.nsi tions 

· ·· ... a.re. ab.<:Ym ·tc, be pre~;ltly mognet:i.e by their hi@:l Lz. C(.illvars1on1 but . 

. ·,· ~i"ther Mi .or I~2 is pc;sl;lible. :The (>.21~<.9-l~v isomeric transition h&l been 
. . . . . . . . ~ 

i~ti~ed w-~ :M~·, fram its ·haif. life and 1ts K-corruers.ion coof'tic1ent.0 

·Pb~3 x~·. . . 
. . '.ibis.·lead isomer.. t."aa d:L:;covered by R~ 17 we measured 1 ta 

.... · .. · ... · .· . . . ·. . . ..· .. ?02m. . . . 
h&.lf 4fe -~ 5.6 seeoo.d.a and· assit;ned it to Pb • . • The later a.ssi.@lruent 

to :Pb00~ ·,1as ~ by Fischer .. 8 In order to .strengthen ·uu:s l.'ilaSs assign ... 

merit; \le .have wrlfied tbe ·&!1l~t:tc relationship bett1een th1a iBomer and 

its ·ai 
203 ~t by a ~cai "milking" e~rii~nt. 1Lhe Bi~>03 ·L;.C~ivity 

. v.a? . pl.SlZ~d U:-p® an. ·:ton-exehatlge .eolJ..wn cc;nt&1.1'l11l.g DolreX•l anion resin1 . ·Z03 . . . . . 
and .P'o"" · .. wa.a stri~ .ra,pidJ.y· from the colwm with a milal..l vol.uuY~ of 

o •. lJi. HC1 and t,}t~ ~ed into s.'counter. · ~e entire procedure consumed 

· · .. ab>r1ut .. 5 seJeoi1d.s. llw "be!ltu value of the bEilf ... Uf~ obta.i.necl from 22 ouch 

e*r~ts .• ~as :Y.i ll: o.:; seoonds~. . .. . _.. . 

. ~A con(t~us-tlmr ey-.stem .nus also assembled so ·tha"<> t.he photon 

;tpactrum o~ the. ·is~r coul<i be exami.ned With the ad.ntUle.tion spectrom

:~t¢1". Otll..j' one·. photope~ ~ seen, ~rl:th en ener~· 826 ± .5 kev; tb.is 18 

· ··.pres~ly the :Previo~al;y :tdentif'ie(.!,6 MJ~ isomeric ~roiticn oi" ?b00~ 
In. a·:~a-~ coillcidenc~:<m,pem.m~t, essentially zero coincidences 
\.."ere o'bae~ved With. tlli.S :pho~,. ·:L'ldi~ting ·that the is~J1er. decays ·directly 

. . . . . '· ' . .. . 

.. 
· Tr~sition SUms. 
~; .. 

Altho~ a,: le~l scltene .will not be presented f'or Po
003, a f'elf 

·tr~s1 tiOn ... euergy ·aume can. be noted tlm may be of .help in ectoollslling 

tlli:s scliems. · 'l'h:ese al"e given ip. 'l'~.h.'Le !.I, end are b;;~.aed ~;@On an accept

lltne\'i criterion of. ~emen;t Within U.l(;. 'l.h~ s:f.gnti'iCP.Jlce ·Of SumB of 
. . 

ti.le · t;ransitions booed on K-.l.ine· -·a.asi£;1'i.i:oonta e.l.o.n:e is. ::tf CG-urse. •;i;uestionabl.e. · 

. . 203 
g,oogluai.gns --~£?1. · 

• . ~'1..'1.- • ""~-·t >...·-t·· . t"-~ ~203 d rn 005 ·. . . "~-. '1;. i .fi :pcl)S.s.~....-.:..c &l.Ub .. .~oi;w. ~ y ~A;; .ween ·u-:: J:·u ;?n' .~:.-o en~6if JoJ;;Ve.J.b s 

ind.ieated 'by a. comparison or tl."'d' ~nergie.s of a. nl.llllt.~.:r or the atr~er 

transitiol:is ot' 'thes0 nuelldes as follows: 



,,.,c .1~ 
~· 
~4~0 

··3~.5 
625.0 

·.~·4 .,,\:II!V,e 

. 1033' .. 7. 

112.~· 

a!i0.5. 

383 .. 0 

626.2 

'103.3 

lOJt-3.5 

·.··.That tl));?~:Sl~: f~~r: repei"~d. tr~~iti~ 6f Bi:~3 than of· Jli~5 mey be dtre. .. 
· ··· · · · · . ·. · · · · · · · · · ao·- · · · · 

. ma:rely to· t.he ex.perllriental.:.difticil.lt~ in produ.cing .Bi ·:; .1n quant:i:ties comparable to 

.. Bi a:>\m. Bi ~ b~cE!.Ueie ~ _. tb.i~"t. tarset~ that ware emjjloyed have the effe~t .of 

reducing the Cx.,lm .~:v~la,tiV'e· ~·those Of .tbk O!~jn ·~ a,I.Zl reactions-.• . . . ' . . . - . . . . . ~ . . 

' .. : :.·~ ==·= ·.· 

{ .. . . 
lta.lt·. Ufe · · 

'Tabie II 

. -· ,·, ' 

381.5·~ Gc:;;;.o 
' . ·;?.64,0 + 8i4.9 
.. 381.5 + 708)!· 

6o6.l + 821~.~9 : 

. 700~1).. T 72:.:Li 

.. 

. .. . 

':00 

"" . 

= 

. ~ismUth~ro_! ~ ~.?..d.-ooltm 

'l£6.5 
.lB6 .• 5 

1006.2 

1006.5 
.. "'1)0 9 ;IJ.flJU., 

1DB9.9 
1431.0 

143'J .5 .. : . 
'"; 

. . . ·.aQ4 . 
. :r\ •Lll:. . . aample w~ f<i>:q..mred for One l<,J.OO.k in a G-M counter, and a. 

. he.l.f'-life ·value of ll.O ±· 0~5 ~)~ ~·as. obtained. The ·mai.ri cont&ilinant 1u 
. .· ··: ... 205 . . . . 
· the sample wa.s ·6 .4-Jay Bi .. · '00 the ext·ent of 10% of the ini tie.l counting 

rate. The b~ber~t !lad b~en :rl.ade below the a,4u threshold •to a.void the 

production of' Bi203, and i:ts absence ws verified by the conversion--electit"'ll 

o1~ctl-uw. obtained 14th anotheJ." part of the sa:l!ple·. 
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F:lOton ~~ct~ __ . . _ . _ _ 
' . . . . - . . 204 . . ~ 

The -phot.on s~t:r:w.4l·of :;31. wan ob:t.aured with the ~ci.11tilia.tion 

_ .· s;Pe~t:m.r~ter_,- and -~ <:~eOn. ~~ made oi this spectrum vi.tb t..be.t ot ·the 

' .. _- -6f;~nate Pb~i.Ka isomer~ ~.the ·t\fo -sPectra· ~2-e ahown in Fig. -1. The 

. ·,. 

· -ep¢etram of. ~~O~lm is lmmnt t0 coosist onl.y of a 37~ .photo~ and a. 

·pair of unresolved !h~ton-G at.~ kev. 'lhat of Bi 204 is evid.ent.l;t more 

. ~~x~ ·oo-~~ the only. additional photon t.bat is easily 1Clentlf1ed is the 

· peak~ at 67fl · ltev. 

,;.-i . t . ,z, -"· . .n • 004 . ¥ec rnn. ·~~9~rum--~1 . 
_ . The hiah resolution (O.l ~) of t.h.e pe~t....uagnet s;pectrogr~ 
... ·.. ' . . . . ·• . · ... ·.. - . 204 -

'wae-.eat-Jential to e.· study of. the= ~ly C'C.iilplex spectl'Un of Bi a.n~t-. 

the e.asocia~d isotopes B1 Z05 1 Bt206 , and Bi '21:!7. Figur-e 2 sW:ms a Po-rtion 

. ·of. the> densitometer trac.ing obiro.ned- from apb.otogr.-apW.c ple.te ot B1 ~-
.· 006 .. - . .· . • . . . . . . . 

·. and :Si -... 'in ~ru~ ene~gy region frOm . 170 to 8!10- kev. ·T"wo of the photo-

. u8Ph1c plates .are .reproduced in- F1_g. 3 • 
. - .·. . .. ~ . . . - 20f-t . 

_ .t. listing of the. transiti~ Msociat.ed 111-th Bi _ ooc.ay .is given -

· .in '1\\hle 'UI.- --lJ.be~- :n~ :din<Wd :l.xlto three ratbf>-r subjective .groupe whieh . : ) . . .. . . . . :· . . . . . . . . ~.. . ... . 

eo~&j;ond- to ·aeereas~ lcivels o-f confidence in tl~ e;esi@lt-~nts~ 'Jhe 

f~rut and s~epnd groups coritaiil ~snsi~ions with ·t;wo -c:Jr more conversion 

· ~a aas.i:;~;, ·but. those_·· ui· ~-- G3eand grouv are l'restrer or c0nt1.Uri pos

.stble -amb~~i!.1cs. Iri tije _third--~up ·J.til.J ~ line·per t~~~sition ha.-a 

-~ ob~rve_d, but in at l.eaet_ 1"'1>0 independent ex.per:tments. -The numerical 

· :r?e.la~ive. iti:tenei'tiie·s of· the stronger ~onversian llP..es h.Sve bBen obtained from 

· dens.itom¢te~ .~.;racings o£ the phO.togre;phi-q sJ..--eetra.- · '!'he· abso.~utc accttra-<:Y 
• • • • • . • • 6 

. of tue ~~tion energie~ shoula·oo better. than o,.zf,. Relative conwraion-:.· 

· line_ .1i.\t.ensit1el3 a'J:'e rjrohab~y ~ 'to :;; 50).: 

. ·_ - .• . . ' GQilm 
-E~etr~_ ·-sx>e<rtl"Wll ... 7"Ph • __ 

· .. · . . ~ . -~ 
In .sn -~ttempt to construct a decay .seheme for B~ one can utilize . ·-· . . . .. l.lm 

· a.s a. basiC· frart1eVork the siaple PO .. '0 ' decay :a~e. This '.homer i.a lmawn 

to de--eicite- by thr~ cascade gs;me, rays .of energi~s 9ll, 375, ana 899 kev, 

~ch deftne l::t'.;els in R>204· a-t 0;. 899,. lzit~, and 2185 kev of spins and 
. . . . . 



.• 

100.4 .. 

. . 119~8 : 

. 14o.9 

. 14l~o.5 . 

'170.0 .. 

. 212.7 

2i6.2 

219 .. 5 

222.5 

227.1 

. 21!0.7 

249.1· 

289.5 

'291.0 · . 

. 330-.~9 

375 ... 0 

405.5:. 

412·.4 

438;8 

501.8 

522.2 

532~6 

Table III 
.. 

''204 . 
Bi ·. Transitions 

Conversion liries observed 

l.xzLIIMr~IINIII· · 
LzL.rNx 
Lx~~ 
KL_r 

. K Y'i: 
IC L:tf'1:NI 

K Llt.i: 
Kl..:r 
K 4_rrv'']: 

K l._r:rl;txtli:rt~lu~II 
. K L:fY~l. 

, .. _K Lx 
K ~rt'l 

· K t~~L~ . ·. 
-"'""ITI 

K Lr. 
l{ I'l 

. K L_r. 

K L....L..._L__ _LN 
· -:l-::£·r:-iii"T--I 

_K ·L;r 

KLz 
K.L:£ 

. K l._r 

K Lx· 

. .... . . . 

K_ L:rtlxif''II 
K~ 

3003 <Lzz> 
2090 <Lx> 

Z70 (I~) 

vl 

. 1230 

500 

94o 

·ao 

570 

170 

3r;!70 

130 

120 

320 

150 

120 



661~:; 

663.4 

'.·. 671)) . ~~ . 

'79~.9 

899.2 

. 911~5 

. 9la~4: 

. 109.1 . 

161!..9 . 

184 .• 9 . 

213.5 

. 252);. 

44o.2. 

,lrd ·Confidence Grou2 

105.5 

.·l68:.8 . 

b'Q9 .. 1 .· 

332.1. 

3~.6 

376.8 

4$.8.3 

542.2. 

545.7. 

"'90· 

.. ··Table ·rt;I .... (cP*tinued) 

Conversion 11nes observed 

.K Lz 
'iCYn' 

. K Il~II¥I 

J<·Lx : 
.K L__. 

. ~ r 

KLx 
K ~~xrti 

· ~ ·LxtLxxr\~xx 
K Y\ 

·y.Il~I 

·. K Lx 
~In: 

K Lzx 
K r. 

I 

KLx 

Lx 
K 

K 

!{ 

K 

K 

K 

'K 

K 

K-line ~tensi·ty 

21.0 

·eo 

31.0 

120 

1000 

1330 

110 . 

V'.-1 (L_,;) 

w· 

90 ~~) 

170 

eo 

50 

V'Jr1 

3lJO 

lil 

llO 

70 

210 

1.20 

~ 

JO 
• -; 



E r-

-1+8 8 ~ .. 
5P?.4:. 

615 .. 2 

.. "621.7 

646.4 

684 "') . •J 

718.5 

745.2 
-· 

148.5. 

765,.}~ 

832.3 

834.3 

81+4.1. 

·933.6 . 
.. 

. 1056.7 

ll39."8 

.t203.9 

~2ll.5 

.. 

.. .. 

-<Jc ... 

Tabl~ .ni ... {cop.tinued) 

Cooversio..'l lines. observed 

K 

K 

IC 

.. K 

·K 

K 

K 

.K 

).{ 

K 

K-line 1ntens1t~ . 

vw. 

llO 

.. 4o 

"50 

100 

30 

vw· 
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be.Ueve ·lie:";; at . 1563 keV'; the eame conclusion hae also been reached inde .. 

. . · pendentlj by Herrlan.d.er, s~a.l1 I'4clr\.lll~ll, and Bergstr&u in their 

. · re~ent .s~~ ·of tllle · !somer. 9 . . 
·. . ' . . . . . 204m .. · 

~e CQnv:erai.Qll electron cla.ta of. Pb are g,iven 1n Table ·IV. Ill 

. addition .to ·the · prev1M-+Y k.nrnl}-n t.l:.&:t._,~;J:t.1ons, · a ver.t uesk line ap-pears 

ls1lti~ ~. have as-aimed Q.$ .the K llne of a 289.5~ev trant;ition; .~ basi.s 

for thit:~ acisi~nt lies ]4rgel.y in the i'aet tluit ~ strong 289~ j-kev 

t.~itJ.on.has been identified ~· a120l• decay· (see T!.~i:!),e III). Since 

it is not ~cted that~ will be a ilew ~evel in Pb~ ~iov·the '++ 
I . . ' . 

Uvel;. at i274 .kev- it se,~~s rea.sotuable t.ha.t this new level .lies bet.\'reen 

· the· 4t l#,~l.end r.r..e 21B5 ... kev 9 .. · 1evei. W:e were unable VA) f:ind in t.ne 
~· .. ·. . . . .· 

Pb . kn spectrw J.ioen of' e. seccn"'Xi tru.nsitl!i.Ol:l: corresponding to. the di:f .. 

·,f'~G oet.ween 911.5 and 289.)~ i.e., &~2.0 ~C"";, btrt .. SUch a tnmzitio;n 
. . . .. · · ·zoh · . · . 

. was .identified :in the Bi · s:peqt1-ws. f!1t>.£j .. zfi9.5-keV' t-ransition is aholm 

to oo.~.· ~i ~ ~ve~·:schem¢ than t},le 622-k.ev tranuition by two arguments: 

. (a) The: 289.5 ... ke'.r trancdtion has a high Kfl. ratio (as or_rser·~ted in the 

tl1?..04 .s);le'Ctrtin). and. lte~ is ~:f' low t!l\lltipole order, probably clipoJ..e., Ito 

:prominent L conV~U"!>.ion in the .L:t rsubsbell il~~c&ites that H; is an Ml or au 

Y:!Z transi t1on., ~· hen.C~ 1 t could not arise .frO!S'l the iso."!leric state, which 

. d.e·~cites mt'dxila Q.~r tb.e 9ll~5-.kev E5 transition. 

(b) .In thti :a1204 s~ct~rl.~m, the 289.5-lW"' trantilition is extremely \'leak • 

. lt ls likely, therefore, that the 2B9.5~~~ transition lleo lower in the 

case~, since the altel."'lative. explaa:l{~tion t.rould l"e(!u.ire th.?.t there be a 
. 004 
ve-ry· :att'Cing trane1ti.on 1n ~1 ~ · decay that i.a ~'U'allel to toe 622-kev 

~-e;nsit.:lon;, auch a ~el.l.e1 tt·ans1tion llaa nc;,-t boon observed. 

'Xhf!l spin of t.he ne't-7 1e;rcl.1 as s~sted by the ·probable :J11agnetic dipole 

Chsr~tel· of t.b.e ?89.5ool~v triu:w$,tioo,l.'.WI.y, be 3+, 4, or 5+. f\lla.logy with 

tJ.1,0 ~-n ·Pl~Z06 level aci~1 suggrce·t.s ~ assignment of 4+; the 622.0-kev· 

transition lfould t..hen be an E), es is the 9ll.5--k.ev trs.nsitian. Further 

d.emonst:ration of the E5 cb.&racter of .the 622.0--keY trennition has been s;iven 

by .ilerrland.er ~t ~.,9 who find a K/l. rat.io of f:?.""(i<~- ·:!~ 0.09, in reazonable 

.. a.gteement With Rose's ~'leoretical. ratio :for an E5 tra.."lsition, o.es~ .. 10 

Frriil t.t"le Pbao:4m .s.l)eetr:um, ".-e zneesure the ratio of too ir.l.teus.1.ty of 

' .the K line of t.he 2/39.5-kev tr~ition to that of the 375.0-kcv trttnsition 

·~-



. - ··~- ~- -- -· 

. ~-·0·.'07.7... By use ot S:Uv's ~retical. K"'CCtrVe·rsi.on cooff:l,o~.entu.:f~ a. 

.. Za9~5oo~kev Ml tr~ition {0.;36),· ':: an~ the e::q>er!ru:en'~ai lC~t'Sion ·~f ... 
. ·. . . . . . . . . . . . Q . 

t'icieut of.:~ 375._Q~·E2 tra.Usit-.1on measured b.:y liettl.e.nder ~ ~."' (0.044}, 

.we obt~ '.R. transition ra/cio:_ (2~/375) of 0~004. H~tt.la..."'ld•~1". :ll:, ~. report a :,_ ... 

traneition .ratio (62Z/91Zl. o£ .. 0 .. 0027. :': &1~~e: tEe 622-··a:na 29Q~kev .t~i~j,on. ' 

mten:siti'ea Slwul.d. be a:i?OUt er:i,ual~ 1!13:• _1ifel1. tal~. the 912- w-J.d 375~v intens:tt1.ea, · • 

t~n~ ~wo ratios ·should be ~~Y e(_tual.. 'illis br::mcbing may ·be .e~ 
. . ·- .. . 

with tha.t eRp..."'Cted th:eoretical.ly ;f'roln a .stricit · E'46.I~i' dependence.. IJ5l:e caJ.. ... 
. . 

c~ted rat.io is 6't:Z/9l2. = 0.013, as campe.t'ed 1tritb ·t.ne e~ritllental average 
. . . . . . 

\~ue 622/912 = 0.003, 1ndicat~ ti:~at the 6z2 .. kev tr·an.:;)it;ion is slo'tcter by a 

~'tar or Qbout fm.tl'. {relative to ~- .912-kev transition) "than would be pre

cUeted .from the· ~~ <'Jf:pi:pdence alone. 

- . ., 

2(?1 .• 7 ·. 
c.tn.? 

.. 359.7. 
362;z 
371:.6-

.' 314-.. 1 

8U .• 9 

.~. '3 V:f<tJ .•. 

. . ·. . ..... 204 
Tr$.uti,tion Sans; ... .,.Bi · 

·w· 
vs 

V1~ .. 

·. vw 
MS. 

M 

""JT .... W'tf . 

. W 

289.5 K 
375.0 K 

375.0 'In 
315.0 L:w. 
375.0 £\3: 
375.0 an 
899.2 K.· 

9ll.5 K 

9ll.5 Ln 
9ll.5'iL.m 

9ll.5 ~:u 

. 9ll.5 ·!l:u 

'0.:1 . . . . . ' . . roi:m 
10 bti.i.~ further '\!~. _t.'le energy-leve~. 1'ra~newo~ .. ;)rj.d:~q. u.y. Pb ~ 

. w_c ®:.te exami;G.~d th~ tr~sit,ion":'SU"l ralati,::~ns-lUps o:f Itl.. d.ecay. . SJ1•-n?¢;_e~ 
. . . . . . . . . . . ~ . . 

there ·e.t"e ~raJ. tb.out~and · c:w~s obtained i"rcm t-i.ie o7 trallf..li\~ions, many ~-

. ci~utal c;.oiru;itienc:me of .sums of t?':ro trn.naition::1 l-11t.h oWJC.1·. sums of two 



transitions .. ~.dU. occur, even at a. y.ceci::.ion of o.i:~. We :nave li::;ted .in 
1~"- ~ ,;. ~• · ~'"l""".....,_....,.,...,..a · "'"'1.•<> .. ~-.'"""•:· ,,..,,., t•.rn ·'~"""M'I.-"r."f.>f'' "'-"'~ ~-.;-. N·,~ ~'f'>'l'- +- ... "'.·"" · ·"' 1' ti0""" , •~:"""'·~l~J . .;. ~~ $ ... ~,,.....;.....,...a.'"'Ao~·,. ·..~~ .... :v'M'~ v,'J.,;. ·n·v -~~r~-·....., n--• --t:Y w ~~ · . .~.........., 

(~~::nt, v;.tr.;l:dH O.,J$); ll1 suCh s\U115 are fOUlla. 

l-t .is :Si¢f.icel1t 1~a.t frau this Ust of :JLllns t:Qe t:nergs of t..lle 

E5 i.sam:e!'i:c transl.tion, 9ll .. 5 .. 1'-..ev.; -occur~ as ·a. crossover tJ:·en:$1tion six 

. tir.'le"S. ·q_b.e .FC'b.·abillty that 'l;hl.s number of' awns · >rJ!J.ld occur by chenc~ 

is olil.y l in 10 100o, 'b.enea ~t. least s001e o:( these eascade reu~·ti.Qruilii.ps 
. . . 

$UE!'ti be· si@lifi.¢eilt.. ·The.·~ s:unm to 9ll.5. :t 0.9_ ~'?' are: 

83£.3 + 70.6 

. 791~'9 .-'r ll9.$ 
67l.G + Z1~<).7 . 

661.;) +:. ·a49~1 

= 
:::: 

= 
.... 

910 .. 9 
9U.7 
-. 

911.7 
<11.0 6 
.~. . 

~.o +. 1.27 .l. · c;>. 9l..t.;.J. 
62i.7 + .289.5 . :: 9ll.2 

·. Only one Gt:. these siX pa.:.u:•s ot Cli"...SC&.d.e ~an:-J.iti.ons hal~ a.ctUlll.ly 

been ohm~rved in '·.t,.~ e~ctl·cn spectJ.•um of the' .iszy..ner it,s~l.f .(by H.errl.ande'l' 

· ·• 'et 8.1~9), therefore ·olle mu~t account for the a.bsenee of t.ha other cnsca.deG 
·~----

.. on: intenD1ty e;rc.nmdS U the a;urns ~ft to -be considered ·.re.lid. 

T\ifo sw.rl.6 that c·an el~a;rly be rejected in 'this w:ay are those of ·'tb.e 

240.7:··$71.0 pair e>.nd ·the 661...5-"21:>9.1. 1Iair1 . because ·the K 1h1e.s of all these . .. . . . zol.. 
trsni;~itions are· much too int.en~ 1n the Bi .... spectru;u ·ro .have 'been un-

. • . . . . .lt - . • . 201u!t . .· . . . .. 204 
.otlse;r"'....--ed ·~'I.:U tb.e Pb s:pectrum. '£'he stat.l..l.S o:f the other three Bi S\:!ilB 

r~ns 1n g_.'U.2stion becaul3~ at leaat •.:me of eaoh pair ic sUff'iclently .~~ 

· · relEJ,t;iw 'to ·the 911~!1 tlia.t it could have been !Uiseed. in the P.bZ'J~:n s:ped::.rw~t. 
. . ~:1 ·.It :wou.ld be &erd.rahle to :l"C"-eXtmrir.te i:he. P'o S)?E!'C"trut.J with stronger sourc~s. 

to :;;:earch tor these veak COO!J,">et.ing isomerit: transitions • 

. . ·. 204 e®clws.i.cms ..... jtl .· . 
~-- . ·aol~ 

.. A Ph level seoone cau.not be com:;·tructed ·on {:.he basi's of. 

·the U~}'iCal .;i'Uni relation'-".hj;ps a.lorxe; t..Y:te complexity i:;; ouch that a preciGian 

grestet" ~ O.l'fo trould be rerrxtred. Electron. .. eleetrml coin.cidence work (lt 

· f'&rlt; ~ res~<tion czoi.lld e.l.zo help to dec ide the tr:u.e o.>... ac-cident-al 

ntt!ture of eaue of the tr.all.::;itioo fH.Utlf;. 

• ,{ 



.. lza~ 

Table v 

·.· ····· .. ; ·;, ., r· 204 : · ' 
. Energy"~SW:n,s. o'f. 1?1? ·Transitions 

. ~ , .. c. '.. : ·;· .. . . ~ .. "' ·•··· . , . . . . \•. . .. . .,. . ' 

·Cross .. ·. ~ 
Cros~- ; < . 

Ql(:l,il;t £as.c a d.e · c;JnJ'l . over ·Cascade sum -.. . . - .h 

' ·· . 
• ' I' ~.tt • ~. • 

219.5 .78.62 llt0.9 646.4 100.4 540.7 

249.1 &>.21 168.8 6~.4 144.5 501.0 
289;5 80.21 209.1 646.4 240.7 /.;05 .5 . 

330 •. 9 78.6? 252)~ 661.5 119.8 542.2 

it05.5 164.9 . a4o.7 661.5 222.5 438.8 
lna.4 8o.2l 332.1 661.5 249.1 412.4' 

:. # • 

-.·;: r~·)_ ... ;,,l :·-~ ·~12.4 1849 - ... 
..; ~ 

227.1 • • 663.4 78.62 585.4 
4:n~8 209.1 212.7 663.4 .140.9 522 .. 2 

1~>38 .. 8 216.1 222.5 663.4 330.9 332.1 
440.2 109.1 330 .. 9 671.0 168.8 501.8 
44o.2 212.7 227.1 671.0 249.1 421.8 
44o .. 2 213.5 227.1 671.0 

' 
·330.-9. 3t.o.6 ... 

468.3 21.6.2: 252.l~o 6£14.0 Gl6.2 468~3 
468.3 219.5 249.1 710.4 16J~.9 51t·5. 7 
501.8 8<>.,21 421.€1 710.4 168.8 542.2 
501.8 170.0 ·332.1 710.4 ?.09.1 501.8 

501.8 tu-2.7 289.5 71.8.5 170.0 54H.o 
501.8 249.1 252.4 7.16.5 176.2 542.2 
522.2 lOO.l;p 421.8 718.5 216.2 501.8 
•532.6 119.8. 412.4 725.3 78.6(:;. 61i6.4 
542.2 164.9 '376.8 728.3 176.2 548.8 
542.2 ;:152.4 289 .• $· 745.2 21;!.7 532.6 
5'+5. 7 1.68.8 376 .• 8 745.2 282.,5 522.2 

545.7 213.5 332.1 745.2 332.1 ~12.4 

548.8 8o.2l 4rJ8.3 740.5 21.6.2 . 532.6 

548.8 109.1 4140.2 765.4 216.2 5i~.8 

5M.S.8 216.2 332.1 765.4 219.5 548.7 

585.1+ 809.1 3'[6.8 765.!~ 222~5 542 .. 2 
615.2 176.2 438.8 ·7JJ1.9 176.2 615.2 
'615.2 209.1 lr05 •. 5 ?'91.9 a49 • .l 542.2 
6.15.2 240.7 375.0 791.9 2&'.1.5 

.. )01.8' 



_....,-~- ' 

Crpss-
over 

. ·~ ... ~ 
. :~ ... ... ' 

832 ~~ ...... 
832.3 
832.3 
632 .• 3 

834.3 
8}4.3 
834.3 
834.3. 

834.3 
844;1 

81~.1 

84.4.1 

899.2 
8;$.2 

9ll.5 
. 9ll.5 
9ll.5. 

911.5 

911.5 
9ll~5 

918.4 
918.4 
918.1.~ 

933.6 
933.6· 

. 933:6 

933.6 
933.6 
933.6 

· Table V (continued) 

Cascade sum 
·~ 

'1688 •· 663.1 
170.0 661.5 

289.5 5:ru.2 
330.9 501.8 

412.1~. 421..£1 

109.1 .728.3 

219.5' 615.2 

249.~ 585 .. 4 
i332·.ll 501.8 .... · 

78.62 .. 765.4 
.375.0 468.3 
lto5.5 4]8.8 
252.4 61~.4 

376.8 522.2 

78.62 832.3 
. ll9.8 191.9 

240.7 671.0 
249.1 66i.5 
684.o 2-;:{.l 

289.5 . '~~i.7 
170~0 7.48:,5 

332.1 585.4 
326.8 . ·;;11•2.2 

100.4 832.3 
J.40.9 791.9 
168.8 765.4 
181'-.9 748.5. 
209.1 725.3 
222.5 710.4 

G 

· Cross.-. 
over 

1056.7 
1056~7 

1056.7 
1056 .• 7· 

1.056.7 
1056.7 
1056.'7 

1139.8 

ll39.8 

··- ... _?..139.8 
1139.8 

ll39.8 

1203~.9 

1203.9 

1ZOJ.9 

1.203.9 

l2ll.5 

12ll.5 

1211.5 

1211.5 

: Cascade sum . · 

U3.5 8114.1 

222..-5 .834.j 
291.0 765.4 
330.9 728.3 
332 .• 1 725.3 
144.5 9ll.5 
2J.Z. 7 844.1 
222 .. 5 918.4 
Zlto.7 899.2 
375~0 765 .• 4 

lt-2:1.8 718~5 

46o.3 671.0 
412.)+ 791.9 
438.8 765.4 
532.6 671.0 
542.2 661.5 

376.8 831~.3 

50~.8 710.4 
548.8 661;.5' 

548.8 .66))~-



Bil>imutb.•205 

Half Life . . OO) . ·. . 
A sample of' lU. · . WGS .tolloved for m.ore than OO\i'en half 11 ve.s· w1 th 

a G--14 ecrunter to obtain .a value t01" the n1205 half lite of 15.·3 t. 0.1 days. 

Apprmd.me.tel;v &::>·~ ot the. 1nit1W.. ;cOUnting rate of the Gample·was Bi20'; the 

other 00~ was 6-day Bi~ m tb:· a very smell amo-unt. of, 8.;.ye~ B1 ao7. 

. . . 

Scintillation Spectrum , 
~ g3mina•raY. se1nt1lla:tion spectru!li of Bi 205 wes examined for a 

mee.sure of the rela:tiV'e intenk!1t1es of the ~ore intense photons; the reGu:).ts 

are given in Table "1. . . . 

. Electron Snectrum ........ · · 
. . .. · . . 20 

The trans;+tione· .a.;;s1gn~d ~ Bi .·. 5 . deca;y from this worlt, and f'ro!n ·t~ 
. . . ~· . . 

wl:Jrk of Sehmorak ~t a~~t.'"' are given in Table VII. Also given are the meas• 
. ~.·~·, . . . 

ured in:tensit.ies o·r \o~$riOUS. prOl'Jlii'l.eli.\:0 ,:ihJ.t,:e reiative' tO ·the K .. line ot the 

703.,3 .. kiev transition. The 8.f¢e8!D~nt of' ·~ .· traneition energies with. those 

teported b;y -S~rak !1 !!• 3 is· for ~e. atronger transitions· VeTY g<>Od. 

Ener3Y of 
gamma. ray 

(ke.v) 

570 
700 

1000 

1770 

Qatmna...Oarmna. Coinciden~s 

~dble · Vi . 

Relat.iye 
intt.ms1tiy 

0.35 
1.00 .. 

o.62 
2.0 

BecAUse! of the «:!ompl,exi t~ of the n1205 spectrum, lit tJ.e fufoxmation 

was ga.ined. from g$a~gmnma eo1nc1dence experiments. Tbe only . .certain results . 

'.Jere that th~ 570"'keV 'transi:tiOil is in COinCidence With the 1044"'1\;eV transitiOn . .. 

emd that the 703·kev t1·ans1tion is in coincidence with racti.a.tion o.f <:nergy 

. , gre~ter tba.n 1750 , kev. · . 

, I\ se~ch w.a also conducted for del.ay.ad states i~ Bi 205 decay. By 

gating with the K x-ra.ys and camparing the resultinG coincidence spectrum 

\ll''ith the ~il'lgles apectrum one wtl.B able to di~cern that none of' the l.l!Or&. 



,. 

This·wark 

1i2.2 

··~ 
131.2 

1.49.0 

.192.6 

·--
260.5 

282~4 

284.0 

349 .• 3 

383.3 

lt93.5 

5ll.7 

526~0 

531.1 

550.3 

570.7 

573.7 

579.7 

626.Z 

703.3 

741~.6 

758.6 

. -:J..3a-

''r . . :r (K-line} 
(kcv) · 

Sebmorak. & al. . 'lhis w-ork Schmorak £& ,!!. 

2)5.9 

260.5 . 

282.3 

31&9.4 

383.2 

493~6 

511.7 

5&:>.0 

626.5 

. 688 .. 9 

yo3..3 

745.0 . 

758.3 

. 76l..O 

U.5 (!.) 
: ... ·· 

--:-

83 

33 

ll6 

ll 

TT 

26 

.... . 

100e0 

·--
10 (t) 

··--
....... 

8 

110 

41 

28 

6 

11 

22 

---
6.3 

74 

. 24 

6.7 . 
..... 1 

1.00.0 

·2.1 
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Table VII ( contin1Wd) 

E. .·•· 
r 

Thi!$ wo:rk . (kEY-;) Schmorek .~ !;1. 

91D.1 

987.5. 

.1014.0 

1o43.5 

1073 •. 3 

ll90.1 

....... 

-.1617 

·-~-

910.8 

987 .a . 
1002.7· .. 

1.014.2 

1043.7 
_ _.... 

ll90.3 

13:37 

1351.5 

1.502.5 

1:552.0 

1614~6 

1766.4 . ·. 

l7Tf.4 . 

l86J .. 3 

·1906.5' 

· 1 (K-line) 

. This worlt 

}_i .... 

--· 
-- ... -

Scb.morak et eJ.. · _ ......... 

'2.1 

.·4.9 

.32 •. 5 

---
7.6 

0.3 

. ~1.1. 

0.4 

o.a· 
J .• l 

''2·.0 ... 

'0.:6 

< 0.5 
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intense trans1tions W8S de~d~ since both SJ:."'eCtra were almoat identical.~ 

By gating on the K x-1-a.ya· and· inserting 8.P'Pt'opi'1a.te delays 1nt.o ·the . 

coincidence circuit, an upper limit of aboUt. 5 x l0-91rs;c tms set oo tJw:. 

half life of the 703-lrev' E2 gamma ray~ .4 simii;ar limit woo set. for the 

other tra.ns1 tiona. 

Search for It~omeric State in Pb 005 

Sli.nce isonters of the M-4 type are lmown. to occur in PO 20l, p-,;)203, 

and Pb207, ~t has been ex:peeted tha:t-Pb205 shoul.d also have ·suCh oo.isamer. 

Further, the :Pb2f.>3· and Pb207 iaorers ~.directly p~pulated to a consiQ.er• ' 

able extent tram· tJw doc3.3 of Bi203 and 81207, respectively; hence it \laS 
. . 205 . . . ·::or.: 

natural to seoo-ch for :the Pb isomer from the dec~ of a1 G ,-;. 

. From the know .half lives of Pb ?.JY{m ( Q. 8 sec) .and Pbt..:.03m ( 7 . sec) 1 

one predicts a hall' life of from 1. 5 to 2 secO;fltllla; for a similar I>il,. ~ isomer 

in. ~205. Also an interpolation oft the energi~s of the Pbm and ~203 
isomeric tranai:tions l¢a.d.s to a prediction of an· e.nerro' of 900 to 1000 kev 

205 . . 
for the Yo isomer. 

We hrn.ve searched for this 1.somCr, _in t\ro sePa.rate e~~imenta, 

ritb negative results. The experime~tal method was the follow'i.ng: Sources · · ·~o, . · 003 
of fairly pu.re Bi... were :r;roduced by alpha-particle tKxr.ibardment of 'I'l. . 

well below the a,]n threshold. The regular chemical procedure was followed, 

except that 1n the final step tbe bismuth activity was ·~d- to remaln ~ 
~ ·. 

the a.a1on-exc.hange column-. . A eontil1uoua-fl.ow sytrtem 'idth 0.1!{ HCl as elu:mt 

was then \wed to remove the lead d.a.11g)lter activity ·continuously and pass it . 

along a. ctlass tube at a. known f~ ra;~e. By means of' a o~~l 
seintllle.tion spectrometer th!-3 actiyity .· ·: ·· could be _measured as a .function 

of distance along tbe. glas~ · tul:le, ·· aud henc~ the half Ute determined~ 

Tlle ex.reriment:·. ~"ielde<l a baJ..t lite of o. 7 li>ec, ldiich agrees with 

the lwown he.lf llfe of ·i'bzo7m (o.H sec). Further proof that this activity 

was Pb '207m was obtained by identification in the ~ua. spectrum of the · 

570·kev genma ray of .Pb 207m. . 

It is possible fro;n theue · l'tXperiments tO ~t an upper lim1 t to the 
·ror · .· . .205 

1'l0pulation of s-uch a. Pb t.J ~ isomer Ol" the decay of Bi 1 using the t'~ 
· ··t07m . ro7 

· of' 9(¥~ f'or the population of P'o"" by Bi decay an4. the known llal.f lives 
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ool5- UCRL-3808 

"XV7 · . · zoe: · . ~3 20r.: 
of :Si .. ...., 1 . ( 8 yea:ts) end Bi ; ( 15. 3 days) • AssUlll1ng t.bat the Tl' (a, 2ci) lli ' 

. . . . . ' 105 wr 
crosa-.-seetion is abou.t the same as the Tl(,... (a,2n)Bi cross ~ction1 and 

lmovllig the isotopic e:nriebnltz:nt of the thal.lium target ii!.a.terie.l, one eal

cul.a~es tbit;t the popUlation of an isomeric state 1n Pb205 b3 decay of Bi205 

is less than 0.1~. (j!1.ia l.il.uit., of course,· is valid only for an isomer 

simiJ.a.r: to that of Pb203m and P'o207m; an 1some1· vrith half life less ti\tm 

Q.3 sec is· not ruled oat b;y 'these GXJ?E".Z'iments. 

Tranaition•EnerQ Sum~ and J..e~~oel Schellle 

On the basis of trs'l'litlon-energy · SUliaS and coincidence information, 

Sc~·a.k ~ ~~' present' .s. level schell'!':! of Pb205 _in which ten levels. m-e 

C01lSidered to be ''well establ1ab.ed."' ' Becal.we of the close ~ent of . . 

our trensit1on 'energies With theirs; most of' . the slml. relations a;re also in 

acoord. B.c:r.rever; libere are aeveral !ru.xmG1:::rtencies within their level 

a~ that vould s-eem to reqUire turther cl.ai-ifictd•ion~ :It is fairly 

Certe.in that' the .. {03.3""1re"IT trl.ii.Jilsttion. proeeeds to the ground state, both 
. . ,· . ' . . . 

becauoo of _its -~ intensity and 'because it .1-s not in coincidence wit.lt 

, · ·eD:J of .t4\e o~r strong tr.an:siti6ns.•· · -But the .level scheme of Schmorti!k 

1!! !:!·· places the : Strong zS<) .5~kev. tr~ai.tioll ,in ·~ pOSi tioil high in th~ 
scheme, 1-rll.ere deea,y ,,.ould ~eed ·to .ground via a ca.scade throuSh. the 

70;1,. 3•lrev transition;, Hueb. a. po:si tion s~....m.s to con~~ct '~:.he. experimental 
. .. . . . . . . ~ .. 

an.ta ei. tea in Table lV;-~md in ~l.e VI of their paper, j tmich 1ndicCate 

. that. these t~Q ~ti~ alte ®t in coioo1dence. I?urtller, the alpl,S-
. . . . . ~ . ·12 . . . 209 

. ·and. sanma·r~;y ®:ttl of Aaarq and. t>erlm3n . on the ·decay of' Po · (po:po.· _ . 

· ula.ting ·t.ae· ~ ~ter nucleus) 2how tb.a.t the first excited .sta.te- ot 
P02Q5 ·haS· e.n el1:4erf!3 of 26o ± 5 .tte-v., not 282.31 ltev as postu.latea .by . 

Sdlinorak et .. eJ.. Rowever, the e.ltermitive proposal t.b.a.t the z6o.5-kev · 

tnmsftio:-be-assigned to tb.l firs:t exei ted state of Po205 also eontra.

dicts the Bi ~~5 coincidenc~ data, ~ coincide:nces are found between 

the .571.0• and 26o.5-kev trans:Lttone.., yet there are ,¢ound ·no trana1t:tcms 
. .~ ., 

t-tith the p;roper energies to .connect till.e 1043:7- and 260;.5-kev levels. The 

.eeme· contradiction holds for the information tllilt the ~1l~.2-kev ~a- is 
, · a· 

in coinei-denee \·rith. the ?32.3-f'...ev garmrm; a transition of 421.0 kev1 which 

would. tnen w ne.cessary to. connect the 703 • .3-k..ev a.ud. 2H2.3-kev levels, is 

.· 
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not fOund e-1 t~r by Scllmorak et aJ.. 3 or. in this work. It t~ CLear from 
the Po20? eJ.plla~eay data ~.;-e ~ ~xcited smte of Pb-205 lies. at 

. ·• . .. . . 

260 kev, a.lthou@:l it has ne:t. been pro~ed· ·toot ·t.he Ml transition that o_e ... 
. . ' . - . . . 

•' · e~iws this sta.~ 16 ident.ies.l to· the ·260~5 .. Jrev transition obServed from 

B1205 deoa.y.. ·Further. ()Otnc~dence- experiments · \lf;l;th Bi 205 at fairly high 
" . re~olutian will bq. ·neceaa~ for :the ;cl.erificatioo of t.he ~/:..'05 ICvel . .· ' . . ' . . . , . 

i.: 

ConelWJ:iOne•~B1205 · 
. BeetaUZ;e of t.he ~ge number of tranG<itions :fc;nmtl· in Bi005 ~cey 

it~ is irlterest:t.Dg ·to observe f.l.<a;J1 a ·statistieal. plot of traruiition e.nergies · 

:\the.tbe-r -~ not . M.Y· oorrele.t.10JJ.B c~, oo med.e w1 til tlte · kw::s\m. energie8 o£ 
. . . ·. . . . . ~~ . 

·si..ng1e-neutron t;'ansit·ioos in tkds regiOn,. · In ~-• !~ w-e· gi.ve s\tcb a plot, 
. . . . : . . 

· W1Cb eho:t.;a the f'oll~g maxima. •end .a ,Possibl.~ interp:ret&t:ion. · 

1~\".l!!l 
{~v) 

1025 

~ . ._ ~-· 

P.,J'., ? !5/2 :J c. 

'5/2 !> 'J)l/2 

P3/Z. ? pl/2 

ia3/2 :> "!5/2 

. . 

J().J 

570 

870 

:106,3 

Apparently in the "three-llO.lere n~leus ·Jlbzo:; manife~t&tion;.s of odd-nucleon· 

tran8itiona ra'l\a:in., sUperimposed upon ·tne· ~l1Gri01.W exci t-a;tit.mi of the other 

nucl,eon.pair. 

• 

This . l<ro.rk · -waG ®r..e u.n:aer 't.he au.spices of the u. 3. 
Commi.,asion. 
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