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i'WlOS ;.:». Nawton.
~tti"tttd:r.m..·t.t1'bf.)riltory

ot' Gal;i.;f'orn1a.,.. "kt!!~~S~,!!l~

Q; lrrtl"oauotion.

t;)(:HJfi ~•.(·t$:r the (U"e~oov(u"y 01" fimJionl'lMeltna;.-A\vr' ~;U'Hl L;ro(;,t;Joho:l.."

and. (}OOk,.(~ folulddif1~are!H)(;}S in. thQ deoay cd," var:l.m!a (~ll(n~nlo(ll

1,) MeltnGl", L., I\Ta1HU'0 JltJ, 6?;1 (19").

·,t) n~l~1Jf)('J1:§!~J~",~:;!U and 1.. 0.. (;oolc. NatU1:$ .:1lU, ;;>9 (1939) (l

that n (1.:U'f'{-lirenCH~ f..ilJd.sted in tho d;tatx~fbutl(:ln Q.ft.·;'ld;'~('lio.n pr{Jduot,l;~

.In t.htJ 't';'\'O (j{'H)O~)*'~ In, 1940, r.rU.:rn0~ c2ue,g£lstafi that t,ht'1 CL1.Bt:t'j.lHltl(>n.

in V!~rl0U0 m.od{:');·~ of tia~11on Hhonld bo i.i1'.H~tJtigt:tt{i)(l.. 1"1'ho fa,f;t'M1Ut

el(:3m(~nt%il Guabns 'tin, eadmltlm, pgllafl1tllJi
1
and a:tlv~~'i.f(l0~~(:~ :tound :tn

• .•, tiii4il)lIsd n .• J

n- .r

\

~
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crr th.or,·lv"tJ). with l;~lr:',hcu~ and eom.pa:r~ t,h.() 1~eriru.lt1ng (U,(iJ~t,J.:jJHtt,:(,,(in of'

.'.···,.1~·'<'"·lf)¥~ p'Y'o/lnA·t'lti '·'!'l·"'t.. 1""";,(1· 1.".tA~M"'./.1 v:r.tol-.·.l·.! 1''l..~ ... 4nr.·' ~n.ljtll <:'It,,~!Afi'V'Vlil~, .lJ.¥~Hi;;J.,.,., - e.·f. r)~,i ..h ,,:fdA'J' ~_~;;)I 11, ....q. \iF,al \.fl,~'ti~ l~ ,..~ ~..,~{.\...... "._"_~...,t;(" l,.~(~tlf:.lttJ)O~.H. \.~'lt1.:. Ai". '2:.:Jl, ¥tu?.,,~,?,# ~.':>i¥ 'iJ'~

with f::Hl(1.;;)d O~U;':rl@l" ~:}"Iltl. d~t~)rln.1nl.nt} thet'iJ~aion y.1~ld oi' ~*'tCh ii::wt'(;;IlO

OI,5;\Gtn(;xl mO?Jt~ ~ulto;b10"W' ~rhe llHijthOtl of f$tudyinf; tho eneJ.'gy dilir~l~i.....

7}

but:1QU of f;tn~;ltm l'X'{),()i;;(lnta :tn ~Hl ioniz{~tl().n Qh(m.lI.H.u.~nt~ tlSt)(:1. hy

,:r(i'ln~:~Ohlt:e.'·(),xvl 1;'J,f1mml;):tn~:f0)1(ltl ~:r(~11a€:n. (and (lent¥la~ ;11'$ nottptll..'t,l.tH:\....

·f.f)

it}



metal p1"odWJed by tll~ group at the .t~..tQm10 Researoh Inatit.ute ~)t

Iowa i;;ttate C()lloge", Ir~ a lOll{,i'; bonibaJ,'drn(~.nt, dQf:l1.£YlatElfl as ik,mlba.l~d...

ment A, of ,020 pAb of 39 'M0V helltllrL ions (illlping.ing energy tl~~

eet1:mated by nr. ~:r. a.Hamilton) on the Gro~k0l" IJabox·f.ltjOry ayn1.o",

tron, a , 1/8 11'1011 d:tarnetar thorium b~)ct{t.n~; plt~ta 1/8 1nch th:t<:lc

to daterminEit th~ flcti:ve Eu~aa. 'l1,h.tJ aoti"tlty Wilt:; then rOl.U()'\lo(1 by

ml1ltng thin lflyarl.l from the tlotiva t.'U·"1!)~'t 'Using n mllJ.ln.g soia!!) in

whioh the {;;illing~$ CQuld. O\!.l (lU(~lltit~cft.:i,veJ.y eoll(~ote(l. }ra~1n~~1l l(~y(;}:r:'s

vary:i.ng i'rom, 1 to 'mils thiok \-'lera retllOvacl fromtl1i.s tal~.gHil tim

the flfJVJiotl produot <Ustributlon and the o¥:oltation cu.'i:'ve for

,fission could be flat (»,rmlns<l ~ 1'1110 lil.l11il'1g r$1110VfJcl about 9'1, ot t.he

t,otal beta and gamma fHJtivity'fro,m 'ttllfJ ta:C{;Qt, );11 ladcUtion to

this, tilr0$ mlorter boaibardmt~nts of 24 hou:t:"S, e t.lour~ \(~!ld 4- .hours

du:rtlt1on. deiJlgu&tfJd, us }}Olllb8:t"dmenta B~ CI (,Ulll D X'~~~)pacti \101y, \vere

obta.tned on tl1orium:L'o11e of' thioktun3u about ;,0 mg/{r~ using the

intorO$lItor setup of.' th~ Gr(J(}ka:r oYf)lotron.. III tb.esa oasos it \I',l6S

aaaumed, t,luit 0.11 of the 2 ()1~' area of the lnteroG!)tor r(;1Cf~j,v01d

bombar<1manto,

trna taoJud.que ua~d in det(.:'Irminlns the f'lsalon ylGlclt:l tVl\lS th~)

sttlndard cbeJ:ll1ot::tl t~olu1iqu'il as u.,e;e.tl on tb€l Plutt.10iwn l?rotj(~ct.. 'llhe

b01l1bal"l.lBU SWlll}?l$ wf.uldisf:lol'vacl in $lthoJ? hydrocb,loriQ or nltrl0

aoid, a {~tar;J,ll amount otammonium tlt.losl11<.tst$ being {Hided no a

oatalyat.. Thasolutlon was diluted to a l<nown volutufJ Hnd stored

in lusterol(1 'tub'as 1nk)lde a gltl.H:JI;! tube to prevent loas or aotli.viiiy

by adso~ption on gluse and eV~lporatlon of the solution. Aliquots

were taken for det~eI·.mlru;~tioll or eaoh desired elemen.t", In iEliiCh

t~£\lotlon, Qarrler waaaddeCl, tor the elem,ent to be seJ;:nl'atf~r1, and



tbtl olemt·u').t ohemically ~Hlp~ratotl and d()oontartJ.lnnte<l trom o't;h(;)r

aotivities. T1Hfi Glli)rnetttw6$ than pl'eo1p1ti1ited ill. ~ D'u:ltnbl$ to);'Jfill

weigh$d\{ind tho oh$nlo€~l yl~ld d()1Hi~rt'o.ln0d. Tlit) S£llrD.I,lea \v~r0

t\AcH",urt$tl on (Jut'dbo~~;rdl! coverl3(1 '{d.th l)6l1opllane )tmdClOtUltt:ld on the

aelJ()l1d 011$1£ or f3t itrta.nl1ard OOUKitllltl" ~HJrt.Up. Oorreotions we:J:~o rno,cle

tnthe OCHulctlng l"f,tt~~ to~~ (}olnoid(.»noe~. geoluetry ~uld, fZtbf!tOX·.pt~iort t~Q

obtain th.~31 dj.l:~1;1'j,tG€.t"at:i'Ml rCft(i~ ofth~ l2la£ilpl$. J)ec~'lY <H1.rV\'!JlS w~r@

tHketl to Ql1~:t'E1H,tar12i.$ nll aotivlti(i)5. iUlt'l aboorpt:1.on OU1'voa Vi/tJl"e

t(il~n~n wtu~l1>~,1;) pOliiH:ilb10. It t'l.bf:~Ol·1!t1Qn GHl.t'V,{:')(>J ooltHt not h43 '1"'Ell1: 'St£)..

on a1mJ.lar fJlqull',men't. In Oretel" to obt~lin tJ1G !'lsaion ;1101d the

£'\otiv1tiefJ wora al.lf}x.tr~~l)())~t:\t~(l baQk to f,\ tl;,lv$n t;.'i.l1l,e:3lh.ol"tly H;f'tEU'

tbe {;Httl. o;t~ the bc)mbardfilent.. ~;;)lnoa tbe oyolotron il'reHllil\t1ona wert'i)

lx'x·egttlar. In oVd~;t'I> to 1ntl\\le,:x'~;rte th19 bo:mb~,);rdlu.e.t1t t;Uld OOX'l"f.lOt tOl"

ar:~tu1't\tion of },lho:.:"tex·....liv6(1 Itlfilt$rie.ls ('ltl:rlJ~(~. the b(11UbH~:"fll1'1(,.nt&: tlHi'J

bOll1ba:r.dm.ent history 'wa.$ trti.~l;'1Xt{~d. 1f1 small tlIll(i .il:ltel·Vf.~ls. 1;(,he 1':1101'0­

am!)ere }.lours of bOI(ib~rdnlmnt in Gaob tlm0 ,tntetl:'val were then allo'w'od

to "dacayn 'to SQt1lG a(}tfJ.:Parl~~o.n tiJ~10 '<'11th the 11<t)1.t·...lir(\~ Qf: t;'}Hl tHrttv.ttJt

lHll,h1.g .(;lon~.ld(i):t"e(l~ At thG c~Hrw(,u.·lson t:tme tl1li:) $f't'(~~ltt,i V61 h'l~tH!l.lutlr.)nt~

from f,3liUll1 timl.1.l iI).t~!·vu:l. 1lj/~U;~(:".l Ml\.unu~~(l to i1va a totnl etlroct,lve'boK~­

bf;U.tdm.f..mt (d~ t~ha.t time, It' the lfl.(u."e17;lenta WSX"$ longer thl£U'l 5~t 01'

tho ,half...llfe c;£ tit$. l$otol:i(~, ~ol'¥t'aotlonsw'erl:.l rn.a<lo tOl'" £H.• tul~ut;'lon

durlng tla.oh increm~t.

'~1t.tQa l1@ith.G!' the fJbl:iOlutet'i13tJ1on 114)1<1 of tel f.i,S~:1ion l.ll\oduot

flsaion. oross afJotlon flX"13 kll.o\Vll, . theproas soct1on :t(}!·tJLt~ fo.t'.ma....

tlon of eaoh 190t()P~ 'lNhJ.oh 1s 't.hc} .prod.uQt or the fifU..{loXl .Vh~ltt



...5-

where the tarxn (pan) r~f$r$ to the a:rt~:H:'rtivG ,.,.~dl of' bCi1Jlb;.,\','·gHn(\V~·i·,

Qt tl1e titM) of' (}oJ1l.,Psrlson. &Uld th@ :t'a.l;~tor l.l} .x l~~ (J01W{)1:,,'ta )Je~h

to nlJ,ir~b$r of 11011utnio!1s atrjJdnf~ tho ta~get.

Vf..rrlcrt1one in. tbe oross l~e()t1()n for var!ous bomb~11"d1XHiUl·t4~ hH\1'(~

not beet1 no:t'Jn;a.lj.z~Cj to any €~ivan value sinoe :'&h$ \IT",lu~a oJ~ ~ x Jj'~ Yo

have been oal<lultlted G'n an. cfbaolllte b~lalG' the:re is n.('; 1i1 .u.~:;l;£H:l.

reaSOn for xlor.Cllall~j:li,.l1g the valu,'@$ to lUlygi.veA vc\lue of tho hj(;u?lt~ln»

th~ G,),$!aOflt w1tJ'l whioh. oOffiPBX'ia011$ araUit:Hll;),lly lilnde" S:1n('H~ t.hel"0

i£Ul(l £$hot"t...llv(~d x;,e:rlof;16 t:}J;.'e O()l:'l.r,;a.\';~~~l itl l;u1y ont) lHJm1:ml'r1tIHJfiut. In

~~Gnel·aJ., thii) j~~HUlta ,;:iro :,'1'obo01y l,)O,t"l'fH:>t to witllln n i'aotor of

.3, rgotoJ~el;listJt;t(:l:VJcl

J..u all tH'JX!1btl;'&'C'UMUltlfJ l~hB 300 fir... 13~40 W1:lss'l;11~)al"(itli)J{1 in OJ:'clor

to of'far ~11~()t1(~b, cl'J.$C;lf.t {;i,n the 'bombl:lu-:drtlent. l'ha ohem:l.caJ. metho(la

U$G(1 .in. the iaolatio!'i 'W\i1f,r(.3 ,mC'ldi.t~itJf.~tloJl~~ ()f those devolc,lJH:fitl for

the f·i.tM;llon P:c'c,),j.u.o't:.a by the PJ,utoniWil r;roJoct,,;tl'hes~ vdll be dOGw.

03;"UH:U :in d(~tvlil byt.ho :Ll1di.vithUll t:utM10""'J'3.~ so rm.ly '!JIHi g0n{;n~c;tl

1. 2,ln9 waa aeJ)t~U;"~ltoo by .praci,pltati t).n as znI:~g(mm)n., 'iivhl\1lh
'~ I~



disIsolved itA hydrobromic titQ;l(l. an<l fumed twioE) to <lryn~tlls. J?;rQm t\

sod,lt)J?1 hyeiro;i{d.(l$ ,wlution. f~rrl0 h'ydroxide at'ul btlX';i.um carhonate

disaolv$d,. and ttHw, z:tno finally Xl1"a()1~itQt~d atJ l4tllg(SGi:t~ 'rhe

final yield of ¢arrier ~t'Hled W{;lS onlj1\ lO~. ~:m(l only a small a(~t.ivtty

vfa~ found which ooult! not OG j,(leI:rtlflf)d $,($ th.0 49 hr~ :i;i{~", An

initial observed aotl'V1ttot 2;0 aIm d$oayt,~ \\lith ~;1 , ,hour. period

j;~oJ.low(o)d by tl\. .11'1'10<1 lOllg(;l)r than !) claYf3 ~Jn4 00u1d 0(;)11001vably be

$11v~r contamination. imUPPfll1" limitot '0 (JIm of the 4,9 hour

1)$1"104 could nave baen };)remE;mt {;md not ror,olved. sH~ttlng an UJlper

limit ot a x l~ tor the value, of~ F.T. for n~$~,72.

2) ArseniQ Wtl~~ tH~JH1~"at'e(1 to f~tU(ly t!l~ obaill o~?......,+~ J.1J~

As77_ ..iR~~~~.S~(Gtable). fj;'be €1rfHiUll0 '.vaB f,jj$J}Urat(~tl t;;bout 24­

ht')l.U's utter bombardJ;l1fU\t aQ 15~ gaX':tmlni.um hadd{')oayo(l to arsfmle.

Hinoe 1!l. lttauium £lseiou tht:~ indepf;lndent yield or XJ!ellloars of' th1$

ohain 18 nearly all 40 111'1- J\~it is ba110ved the t'(%iUltj

~I nI1GY"'- . 't' " 'p , ., .'II' 'rt 'J , _m " _ ~$ N htlll

ata,1,131JQX'g.:m. r .. , and 1). V{..illngell¥w)Iet't~r. Iifijl Vol 9a~ ~~)11 1 40 2 .. 1
(194b)( in- 1))."0:;1$). .

round l,'<!;;'fi);'$l,H}ute >?51> 01: theoh~ln. Arsenio and ger.manium. WQl""G

saparatliH:t '01 praQl,r,;lttation aathe 11H1J.fld$ from 'I H01. G(~r£iieut1.um

wae dlk~t111ef.l i'rom HOl UlilC) K011" l.'hen arsanlc WafJ <liHtll1od as

a:r$$111c tr1obl,ox·ldet'romconc(:m.tratod hyclroohloroio nolO. oontain1n.{,s

cuprou$ ohlor1de wi:th ant.itnony, tellux«lwlJ:.>Wld 't:tl1 I£H) holdbacl'i'.:

oarr1era. Arsenic sulfide VJUS preolpl'tnted :i'rom tho <U$tiJ.lato

and 1'tiJd1atill())d. Tl1$ urfJonlc was weigbed i'!l.S A~r~ rX'ha Y:101<1 of

c~u~r10r \'V(;tS' 40~, and tUl o't'lf»(1lX'vi9fl act!vity 01:50 elm d(~oeyed to

leEM;\ thflUl ;; aim with. a t~O hr~ half...11ta. ,It was as:;a1m{)(1 to bo
1<,



'Wus (,~~:trajH'Jl$tedto ~~0rQ ab$o:t"bar on tllo l:H:lsis of f,~.hi1C>:r:'p{~.ion fJtU:'VO$

'(J,t! ;3teinhtiJirg l;llMl J2l,'neelkelnlliel" kW,'/,:~lUll't.(,.td.'!l,1ty f'OUrld i.vo~ a

value of' ~Jt i.Y'. of 2.8 ;( l~
3) l!l'O!tl.irH~ WltR} laolHt(:lid tJy~lttl'~Qt1ou '1N:i:th w,'%rhon t,~:jtJ:"f:H}hJ.()l:":td@

aft\1-);rI;)xitl(rtionv;rlth :per.rIl(~ngf1tttat(\l:", 'f1).,$ ~)ttl"tlct '\i'iti~ S (lfHJ{mtr::li'lllnat,tMl

r

j.od:tne '..vith (H'..t1"tH1rl t(;rt,l'Moil1,!.",)r1d,~. The brc)inln& YNaf;~ tJ::lml. o};.~tdi:;r.E~tl

bYT.per.m.ant:);\~1'1ate a11<'1 {Z)J{t:~'~:'tot,0tl.. ',rWQ$u.ob (;l~oon:ta.uliA'1Ht:lonGy{~le31

w~t"i;) run., 1;\110., till!) h;t'(Jl1t1ni/3 W'~H1 then preclp.itattd tH!.l~~11vl\Jl· bJ:~Ofa.i.(te4

'L'hfiJ 2.4 l),r~ n~W6a found Iltnd :t(l0l'lt1tl\'JU'~~1t b131ng ft)l!nd. w:ltb

a 7:\8. F.Y. of ;.69 .:It lO~7 t:~d 4.S,x l~ in two (:h:~t;'i'~J:.liti.m~ti,(}r,~ijQ

11 fJ!pareb tor the " hrcte:a~ a ~lh1e.ldGd 1acltope. frm0, a lJ;'u,"{.s~)r

sam.pIt) was notsuooasH:t'ul, t.h.e 1l1w fwtiv1t1 1~oWi.(1 belXU$ r011c>lvnble

into 22 ,hour and a day ¢U1."'VGS vi'hlo!l wf,)X'epr(;)bfJ'bly iodlnQ (,H:mt,amlml'"

tlon. A maJ(lmum ot' '/4,?t tho' ohae:r."vGd 2~~ htJU.xo pel"lotfm:t~t.ht hav(\)

been ,i)5 hour H()t1vlt1 itt}!l not. resolved. pla.oing the rru)ximtUll value

01' (~\x II'.. Y. at 1.8, x 10\9'•
. /' (~} .m.tr\m"'l!1~ waa 1$olat0cl by :;;re()i:plt"ilt1onoj;~ stircir,..tj:luII1 (H).d

btu"lura n.ttj!ut(;~r3 ,1"1'0:0:1 i'uutlng 11ltrlc uoid. .Aft~r tV10 nl,tr't:'l.t<) pl"'eo1.I>.1...

tr.:atj.ons .1;1; f'a~:'J:'io l:.ydroxld.e daoontamlnation. p):,00ip;ltatc V/t.:lt:3 ma(h~(jl

. /

lJarlurll was soparated by p;r(H,ipttat5.ng as bariUJil. ChrO!Ylfit.e i'rom. B.n

aoet~te bufterad aolut100. fJ;1h~ ~ltJ.;"qn.tlum WIUj 'pr~n.tpitt);t,{ild f'I'om,

an t~rumon1tlQal sollltlon ~llS sr«(?1W;4\).~IAO with ammollium oxt:'~J.atao

~h$ ? lU:ee s'?~{ 2.1 h~ sr-t8, :>:5 ,(.lflY a~'and 25 yrlJ dl~O

perlods\uare ~tudl~d. '1'he.5; df?i.Y' '\N§Ji, Obaot1t'vf.:!l(.1. in 1){')th lHlmburdm\;t.ntt~

J,;' 0J1d B. ~t'WO valU$f.l of f'x 11'. Y.. ll' <j~ }C 1~26/i1\.n(1 ~~. 2; x 1~2~~
:t'@$pE~(}tlVGly belngfour~d'o '1"110 2' yrty s~ watil 111aafJ'tlt'GC! by eXi;l~Ho't,lne;



th~ 60 .tu:~ Y~·(l€~Uf~.i:t.te2l" ~d'1~t'H' tIJ.low:ti:le; a 8'{j;t'ont1um ;::HJmr)l(~ t,o

*)qu,ll1bratta 'ti1th tho (lr;ull.l3ht~,)1". 'rhl$ ga~Je a Vt~lu.t'iot (/t\ 7~ (; Yll o:{~

2 0 16 x lO...,,,2~ for the 2;Yl:ttt' 8.t$.' frh\1:) 9.1 Jl~.1~ ~3~' WH(,:! ohr~,(n~,n~tt

(\lr~}otly after 'mlJ.ow1n{& th(i' ~!.7 hr, s~ liUld.;tt~ (L!·mt::Jd~(;w1:'·.to tlt.Dfm;!'o

'fhi:£! ubsor,iYtlon OfJ.l'I"fjotion t,u:a€ld lnolu<lGcl an aat:Lmatit:)n, t;h(ll ;;);I;£".f',~(st;

():fthQ 40'jf. bra!tohiug to an sxol:tt-lld fJtf:,t$ of ~~/~)\n(\ thf) 911 (~O.!:'1('"

v01"c11.00 of the y~l~amra.a ray. A v4~lu~1l Q~~ ~!.oS ;)tl~~WH::~u.rM:l
/

(';~ 'O,. 1i' "C~ "'On.." f:~1"'~ ioL..,""tO\"~' f:tll"",,'" 7 t~.... ,q,n? ./1~i"',,,,,.,:·,,,w'ip n' {,"f'," ::'l"j.J'. ~I.. , (> ,I,. ;1,...... ,1\, i,tu....."' • Ii:.>V· .." .... '1" .A..l",,,,,c;.. h~" ....~ ;',i••""",."••~ ...·.\.) OJ,,", .:.

hrt, Y~,m!U3 1'0U11d ltYi3uMittuot1on ot' the, hOt~tt ratll :>;) day

Ob&H'iJl"Ved C1..U~Vlil Wf:;l,~ oorol)lRlX't\Hl to n $ynthi~tle l?~1:owtb d<;\coy-

curve tor the two1sotoI>as ~lnf1. f'ou,nd t{';) tit qulta \'I\\iil1$l t~l.tf,'~ f;)'i':;""

sutfaptlQn b$1n($ I1l1":Hlatb(ikt the two ~.sotQpes WEix'a (H.)uJlrh~jd vd.th -t~rlt~nl

of't:l01enQY. 'pi, v~llt0 or f~. 2;; x :t~ \VrAS foul1t:l for %~, 11'(> ·'{o 01:
(Lt, '02//
d1!'V•

.5)

tllloztro(.nU)).1~e v.,va$l <llauolvt:}(l 1,nbox'!o 1:H~1(l. 1'~'pr€Bolplt~;..t.{~j1p d;1;,:H~olv(~d.

and boritlm. aUlt~lte preol1)lt{;\t€.~(1. rx'ho Zi~()OI11um.,\tJ<:~B til~n. rX~I';}o:tpl":'

tated with ott};tterron t1.nd :1.&,')1'11t~a tQ2~1'9"2\ tor "il$l(rJ'litij,~ e1Jtu1. KilOUJ.lt:t31l$"

il)na '.5 dt:l,y L.r~~v"t~$ a~~}arl!iktt'f.l hH~vll2rl~l tn.'llth~, }.id\t.t'.~:r' Bombm:·cl...

l'l1t:)11tAt eQw.1t~'il.O. tUltt tHl E;~b~lorpt:l(Jn QUrcv~~ ttlkE»,n 1fU!nedi€*t(~ly t.o eJ.J.rn:t.,..

the hnl:$la of' the lmh:llBhad. ht\lt....llf'a of' 6; daYi3. TiNO naElplfJ)fj

aG!)f~lr€:lt-ad fl'om,the StU11e lH)nibtu."d,l\lent g~lV~ V'nJ.,t:.\(~a f>'i:~ 'J{ lr. Yo of

~26, 1Q ~/1. 94 x 10 ,.' (ii,11d 1. 7 X 10.

1'ha 3:1 hr~ 'i.~W ,<"sa counted. (~.f'tar $(lUillbl'at1on v,dj;h t.h0 '1 J)

n:dni'i d~~ U{~ilte:r 01>i...1. 11'llle oi)fiH:irVl5)d aotiVity or the J)t:t:r~:m:tt pl.UCi t.h(~



I·

/

...9-

da.uehter gEAve vaJ.u~~ (:~ ~'( ;F;Y'. or 1.98 x l~/~Hld 2.09 )~ lO~fOl'
th0 yield of z~ .

evaporl;,it~d. 'llh.~ :ces~,duG was takall up iun.itriQ 4.loid ~)\nd oxe,lJ.(} lH.:d.d

to cOlUplex thl1') oolutnbiurn anil a-benzoin oxlrn,tl to pre(jll)ltat(~ :;lolybdfil.mxm,

added. 11~$prt)Gl1!ite~t,6Wf,\S fumed witil .oerohlor10 aOi<l, Jl1ndJ~ b~:15io

with am.m.ol'11ra Hnd two t~l~rl(} hydrlDXldG soavengiag preeipltH'!~fiJ~ made/;

Molyo(lenurn Walt~ thEul again precipitated vvith a,.be,nzoln. ox,ime a;r.l~ej~~

aolditiotltlon. ~:Ph.$ a,...ben,zoln oxime pX*$olX);l te:!J$ was clil!l.sl)lvod In. 1)f)Y'>'"

ohlo:rlc aoid and ailvllr molybdate prEilo11->itat$d tro!l1tu:l ue;e't/(;1t(!I 'l'lu,f'fo:t"e<1

solution. .

Th~ 61 hr~ ~il~es observed and dem~yed to below' bI.tHlkg:;:'oundvif;i:th

no t;ai.1.ing of the (Hlrvu. NogroYJthof the 6~~ ht't 1\~/d,elUghtar Vla::~

observod through the 7.5 mg of absorber present. ~~om the obsorved

aotlvlty a 'valu6 of ";~x :(11
• Y". of 1.81 x l~~as oul{)ultiltecl.

7) Hu:th~nl!!i ,naa a~J)cu.·atad trom Eombardm.ent .i~ $ ome aiz:mcm.ths

after bombarumao.t at ·whiQll time only the 1 y~ n~ll." round. Th"

separation was It'llada by tli~'Jtillat1on 01: ruthenium tet;l~ox:tdo J:'Y:om pel·...

ohlorl0 t~()i(l {md sQd:tum biamuthate... ~L\h$ ruthenium ttfltl?O:X1.d.O WO.i3 0:01...

lect$d in $(;)dittm hydroxide, :l;'e(1uct:ld.with 13t1<lohol an.d. t;J'.\.tJ o);:1do seXlel'()~

ted. lIthia was d15301v<:,<1 1J.'1 hyd.roohlorl0 acid and x'6<lul.,ed wlth mag~·

nes1um to l--lJi.tru"nlUlll metal",

il.U abscn:,.p.tlon ourVf3 of' the ruthe;niuul, 811oweo. tile l)l'lekH~n(H) o:t' no

radiation other than the 4 Mev bfl)ta t"l.. tlrft the l:U~~~" d~H),ghte:x.~(I¢I!he de-

(Jay was l'ollowed over l.:~evarHl months l:md no nctiv,lty :]h()rtl"i~:r. t,han ;}'O

dhl·YS see,n. A va.lue of trIA x It..y. of 2.21 x 1~"'{l1i'8,f;) Qt11oul€lte(1 fmJ;>
H~'/ lA.\

6)



and .$llv~r ltxllde j;\rEl()ip1tat~ad!'rOxl1thtlJaJ{!llu:~n:ta ~1011.1.ti~).rll!l ~rhe'

solutj,onwaa tb~n aoj,dlfi(t}(l with hyd,rOQiiloX"!Q aci-d, m'lU XHt111Hcliuru

a{~dn preol).;'11tated w:tth d1ui0tb;rlgl:to:d.rlle. Xn OXl$ Clxperil:nant th,'1

,pmllad1W:u w~iH~mount~d and oountOt1. fJind In a tH~()~;)ndf.l th'~ ,p€*.llti\(.U.urn

d1rm,gtnyl(~lyox1m.Gl p.retol1Jit~te '\ttlfliEJ dlaa'~l:ved, ~lni1itr'.o tlo3,(1 fw,d a:U, ....

q.uote of this solution pGrlodiot111y xnl1kedf.'or tlilv€l!' Gftel~(llfiUjtl:t""

oration 1"Ol~ on~ (lay. t;t~he 1)&11s.d.1Utll soltltlo1'1\"iaa at<)rad in lU$;rt(~=~lIo1d
\

to avoid etdaOr[fit;1.oKl (')1'$11v~r by ~l~lf.HllS which. OQ(UlrkIJ to "onsi(l{~Xl~'i\hl€)

OJ"tent \u1len 's11VE:iJt' 1$ ;preU~ilt \)nly in. tl'ta,<:Hlt1" quant.i:td.(:;)!1J.Tha (}tH;,m:lQtfr.J.

ylGld of pelJ.a(U.um w!:ta (l~t~:r!'HLtn$d (In tbatportion of th~ r.nJlll~l(litW

solution notu$edfor ~n11k1nsa.

fl:ha gross deoa.y ourve of pallad1.tUlt 1s not too useful t'$ in(Ht~ t'wo

ls{)to~H!)n (if palla.dlwll, ~)~fin(l P~are 'pr~aent WltJl half-lives

-of 1;.4 hrad? and 21 hrs¢; ra6!)(iH3tivel..,. The t1.tlal pOl-tion. of the

palladium §~OBt;l d~oay ourve 'w{~a a4trapol$,t~d. ba¢l, (;ll a 21....1u::mr lin.e"

Uslllg the IIIbsO1'J/tlOft data otllGl1~tor tAe ~.2 h~¢' "~~nd
e ,I rt _1'Jl1'iilf ..i _.'".n_'" 'Ib ,i-.-jnW '. W>o,t:~,,~_~ -I.,. '. '.' ~iJ:- '~': ," " ~":,.)._,--<~,.'.L.I'.,, "', ,,' _ "pq. 'f

12l soller. ,T. A., J?:Pl~ Vol. ,J3.No. 7.24. U.l~Jlil~"",p~,$~~h,
.'11 4 F ---"M'" r ; P", _ '_·->'·"·'-d'·l:!~i-;l··:'_.·J-~T ., u ,4 t fI' .•. 'f,"I,', .. Jt]l,U'-_h•.~*:4i jl~ trw ....,g••.-..:....

/'

21 lU."~ l?d~ \)~ F.'!. tortb0 21 hl'o/ J?d~'W~Ull o*ill0ult),tt~<l to b~

1.6 x l~ in Bombardm($.nt }3.. J:n Bom'bardm.$nt D tilo pal1f;Hlilun wa$

nd..lke{i tor 1t$ , hr~ $·11v$1' datll;t.l'b(~r .and the y1~)ld w~goalol,tlt;lt~(l
"

to b0 0.8 x lO~ '.

/ j~ 81111$£ was $Gpfl:cata<l by ;pr$olp1tl11tlon t:m silvGr chlor1tla
~ UUy_ _ ,

whioh waa dlsso1'\ted in (UiID10nla tJ~nd two ferrl0 hy€lrox1da l:jOt~venglngs

J1lQ(le. Silvor t~ulfldG v,raa then I>rac1pi,tf:lte(1. d1sso1vl.?d in tli1~rle

acid t:m(l th~ pur:i.t:ioatlon repoatod. ~Ph$ aiJ.v~r 'WttlO t~:tmllly lIra...

oi,p1.tat(~d (M~ fl:Llvo:;l,r ohloride. ThEl '1.5 dtlY' 'i.~~J'i'l the O1'11y



1 j, ffi ;, Pt A .1;') tt; .... () l ,"-'11)/ ~ . ., . "'" 'I '" () . ".i f-,..:"",;;:~6//
. ~)Gr\'>ol'H~.£ow....Q. El". t~r ~'" ~o~11 tJ~ sUi' "". ~ ii-til ,,;.g~. .Iii va.!. UO C),t. .'1. ";h,, :it ,l. i1........../

. "NtHJ l"'OU¥l<l :tor~ ::~t.Y~tQr j\~(r

. :).0) P!~!iQ wat) Sf:)J)tU;"f.~t(~(l i;:HJ the ~Haf'1(,1$, c11saolvEH11n. ~J\o.;t(lg

tnad$ mnxfloniaoal. tlu:ld, llydrox!.de SCl\1V0nf;;;:ttlgs ~,td(\(t wi:th :t"{1X':t':l.¢ r,:mil

lanth&\n.U1.l1 1'l:~rd.rQx1deSli 1from (iiolcl so).utions:tlvtf;lX· ~hJ.l;n'1dt.il W~HJ P.1~<ilJ""

w@r~ l?rGoj~.pitat.ed. ThG Quwtl1um WC'\$ fin«).J.ly ,pr(jol!:l.ltnted fH~i (%Adll'l:tUtn

a~wnonlmn phoaphnt0.

It~onl lkmiuul'*(lm0nt ,jl. the 4} day O~J;;$r1od "'\~r.H~ m.)J)t::r.:t~t.d:'~~)d nn(l

t'ow}.(.l to IlflVfAt a ~x ;ti't:* or 1.01 x l~~' 1\'rQm a ,~hOI·t bcn1.b[~.3';dxnent,

both the 2.3 <'1.(i1' Od~"'''';lnd the 4.' day (~~ \Vt.l:«,'$ serr~~rt:i.t6(~ tUlfJ. 1/he

4} d.ay laom.$X" four:ul to givo U 'lTal.ua ot l.28 J:t l~ tor 9?t\}t Jt'. Yo

'ln~e d~Hl(ty of thQ 2.' d~Y\.iea>XCA$l" t.bItou(~;h thQ 4.' lu"~:r~""1'rnd the; !

t'aot that th0 ~~afiUua l1f..iy tronl tlu~ 4.' hr~ I~.4:ii 49~ ()(JJiVi31.·tt)cl,fW'

h, ,", ,- I d

was o(jlu,ldex'atl in aalou.latlnl~ tha fission yield ot tlla 2.3;; dny

oadmlUJ4l. II\'I!'oyalues. of Qt\ X 11'. Y. obtained ~'ier$ :1.'2 x l~··'bm.(l
/' I

1.A·' oX l~' :rorth1s 1ao1110x' •

.' / / 11) na WllS aek)al't:a.t\~dlu) st~ltl1niQatl1tide. 'this V,nAt~~ dl;;HW1;U'('~'(1

1n oonoeI'.l.trated f.~u1d ~iU1(l an antj,m.ony aultS.<hl s(',n.V€Ul€)S.nt~ mad ~'1l j;"ro~\l

hot 211 liel. :~Irom $od1tlUl hydt'ox1.dtol solution, i'GJ?rlc hydroxlf1(:),

aad..mlum.h,Vdrox1<le and OOlWlibl0 07,;1<1$ WOlfe 'pI'G<'i:tp1tHt0t1. f()11t)'tNrHJ by

t1 saOOll(} i'err!!) h;;rd.rO~tide rH~av(tng1ns. In tUl I,.liold EH)·lut.:i.on th€~

lrmtimony ::m,lf1.da $()avQnglne~lNt.H3 repeat~d. 'rne tin was J):ro\~il):ltatt3(1

at! mliatast1.mn1c u01<1 fX'onl boiling fl.itrio ~loid O(:Ultt:tln.1nt~ fJim1'1'lonlum

t11tX'(~te towhloh had bf$(j)n l£ldcled n fewdrop6: of x'utl1.'Snitltn 1)(~.rJ:"ior <)

'l\h.l1!IJ t1lotaatannl0 fHJ1<1 WafJ lw~l'li te(l to fJn.~ant\ 1J10W'AttMl onth 111. m:1oa



rJ:b/3 .tSOtOP~IS oJ: tin Hl'+~ in ~) ,X'tlthJ;;'X" eon;ru~()d lJrtat,(1~ Gn t'h.e

J:)lutoniwlt ~i?rotjeat~,,per10{iS ol~ 6~~ hOI,trS, 10 (1~1$ and 1;${) ('tc~y'[~ V/0r~G
":',,",uy A (' Ii 13W~l' :~ .~. >to",,, . '~ 1 : "l 11 "ll'l' ",.,. .",..""~~,, ",
J., ....w,h~lI,yrUmm~ flU'lh'~Al(.l.n~H)!& Ji.....UJ:·U:t ~.~ / cu:ay rJtl:lt:.. el. ,1;,.,' C,~'iy l).,.,j~~~uo.

r T'y .Ilia HI HI H:M

~~'O#:"liIil&WQi.~.,_t lNl''''R~ L.,*;a,-~ ........". f t'II,.11 " t. ,"Ull. , •..11 ..... 'lit : M.Il:...,.,,'¢'tIll*',i't"'~'tJ~

earll(/):t' by I,1vlngotXl and ;~lt)abO:reijt~'Lin,dn~l~ t;~nt\ :POrlng~lnt{V¥ht31VtYil

1 1 JU n .J~' dJl'!' r.M 'I J I 1 I. f , ... , ! 'fF ,N litH 'flU FT11.F~ r.r

16) I,,2;·vUgo(')d, ;)". J... all<l G'. 'r.li:.Seai,;rortr.. l"h$a; ;~H}v-. J.$~n;; (19'8» /J

.:(1) 14!ndn~:t", M., fu;},cl I. (~~l'!IJ~ltl.~:bN:i>.li.~:1t~;~iJ.;rti;·24 tI"9i~trr~

ra()~UI.tly Slhown thi$ 1S()tO!)(! to b~S,t~by <It;lHJ.'teron bomb(ir<.imo,nt of

tll~ $epar{~too tinisotoplSJ. g~:/~\lnd haVI:~ t'urt,h.er s.!loW,tn ttuxtJgJO

athol- :Q$r~,,9tt thhan tb~~ 26 ~wur ont~ if! .t'Ql"illlE:1ld by (It;:jutt~ron lJombl::.t1"'<'lmfmt

01: s~r ':l:he.rnl"o%,'l$, tlle 26 hom" ,t)~r1Q().ia tlH~ on1,y .1ong...liv{ilt~

l.aotop"" at tfMHt;$ :U21..'.lI!d.s- l~'''f)s th~ 10 day,

tnt'll 1:;0. d,Uly to be l}:l.a~ed fit ~l~"'"i~nd s~':·

rt; llh

0)1 7. H,n(l 11 (11.11. and

Al.r~)IJ:1(ly at UJ~~~ci'it;~ ~l
. . :l2e;-t18.¥

a.ppaI'aatly t1l0t:;,¢;~ra,l;ltQt 'f:.he 20 1 yX!O ;::.n:rV~'V ..
.... j E F'Ali lllUMlU, J-,~<' t'1Ii.f'li:lit!'.·jli~:tr'>r·"Jy,.'··'f'1fl.'t'#Wltn.'.... ~" ..__ ..'f,1t f •.@

Stanley, C. W~ II ant' I,. l~~:,~lendenin. :Pl"\R Vo:L.. 9:~.l.S{; (1946)
UfLll:rJl§!~j,•.,

_,...' .....·_...n ·'..........·.........lJiJ_....I' __...._"""""""....__P .........1.. .""'..........· tr_..........tll."""'; ._.......u -.....,n....",...";:...__, '~""'.._.__.. ~,,!' .II i=a

t_ r· UI t 1'lil.'. n tt I'"

_ ....t:I:I ....'ir - I.""',!lPl.....'_'...·r'........_11...,' rll_Tf_......,)~........ """""·....1 _ ...,. ',*"I I..~~, '2 Ji'••'••~



:ttl a, l()n~i~ fH/.lJtbr;lrdl',,\l,'),tfit:t 't:ln Vias $,ljJ)Pf:~:t'(.(tt0(1 fJ,br.HJ.t nly; f'nc,rrtiu~ (:i,:l'tOX'
tl-

,t:HJ1nt1:fct\?lent ~!t,.ttt~ only 't;.h~ 1;$()t<1()!1P$JJ.ic)(1 olH1Jf~rved$ d \~;. ~l

1,0{(11)::1 pe,riod, ()v(~r·t\vo h!:Thli'''''li'IFGl~.. :tfl"orn, e. sho:fJter c~ 'i~jl {;J,
~. ,

26fhOtnZ ,flf$;tJj,od, (ffJ. .period, (if nbout '7 <Ii' dJitYl?Jt1tnd 't\Ut';I J,(mfj~;n: X~t~x·.tGJ(l(~j

W0l"~ t·ol~nd. ,11.'11$ long$r jH:tr-1odl:'3 LlPlve rHJt yo't bt'.HiH) :.r\111;'~ol'i1'(;,ltD Lmtl

~%ltl:y one ltJ t,h~ :t'O~day J?t~r1od flM tb$ OtlIJ$~ mtiy' Jlt'rv~~ t~ :{'·<Uf;~

or abcH.lt 20 dttylih ':rne $l.um:tnum a1:'H~i01:1)'tlon: CHn-v~ OJ: thtv '1.' dny r<:Lu~

a :::m;ul11 ~uaount 01'" t.b$lQ.nge:r. lHlrlo(ln h~(:l /ill JI'(~~that· :ef:lD.{~%} o:t 12;)0 xtlr;I@J:~/
, .,.. ,

(2., Mev) TNtd.ob oh~Ok$ tb($, :N.i};;lo.rted@n0rgyof 2.6 Mi~V l:\rxJ? tlH'1 :UyiJl('i.J1

,period. ~nd lacf).naiderably gI'eat~.r th:&1.n 'thl$ 1.8 t.~(,V 61Hfrfgy X'o,pox·t,G'd
I

,,_d'';'''' __!OI!lI!_~Mill'',," I, •. IIII'II.l'l'llo/'·"·'''''· '" , ~.~~' .,f/il;,,,.,.....,"__ ....... , ... ' Of "f ,.

by GrwmQit ~nd Wl1kln$on for theil' ~lnd17~day ~0riod8~

'1;ItllUf!)'[J;t 6/~1;. J1'. y. l:~~XviW been ¢fil~11~~.l,at~d., ;t-'Ol'>the,\.;/,-> .!;H)Ur, 7.5

d~iY 1;~nd1JOratlY ;\?$r1od$, thaVt:;~.\;t.t"~~~rot.mdt'or 'ch~ 'c16~lOIJ,..i!;,e;t:'1(}(i,

lH,j,ng .1.09 :t,J.~ iJnd 0.98 jC lO~'~'/'il1 on0 bomba.rdnu'Jnt (m.d. {)~6::~ :x: lO~/
, 'If' 2Y- .'

in unotluar. Jfo:t* th.~ 1.. ;lflfif9'pettiC!1 v{~lu$$ of O.64:i?: j,b~~lrl.(l

0 • .59 oX l~~.'\VGref·~u.n.d it}. ()n~h()mba.rl'lm(';}n t ~U.l.d 0.'18 x 1(~'t1!'l(i

0.91 x lO~ in lU101;her b<llllbardn\Gnt' Ttle l'Qj"llAY ['"rit'/! V" b1

'\1'ti.tlueot ~x Ji'.Y. at 0.76x l~ an. ~;l'Irer~'~$ of 1'1,,(;) 11n lU<H;~ f{)J;:

t.h$ aaDH~tlf,)lu:ti,)no lJ'or tht) X'(;lG,sorlfJ given 11'1 tli~ (:A'Oo\;{:) d:t:~iOUfMjlon
Ilk.... . J/;" .

, both t1:H~ '7 .. •~l ('tlY ~J):I.(l 1;0tdfJ,y periotla hit''Ile heE.lu tf3trtn t1,V'(iJllJ{

:r:~lf,;H}ed !It lUtlsr:t J:l1..:u11ber 12'.

/12) bntyr.~ow, Wtl!IJ 8(J;pri\rat~d by p:raolpit~,ti()n fli:J t~lHJ nu,l:f.l(:l~~

n:f'toxw (,l)f:ldH,tion LUlt:! !:tf;dUQtloxl of' thi) t1ar.r1$X" tc; en.~nl.1:'() ~D?:olln,ngf,h fi1ht-;

I.
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i
I give ¥1)'t:lJ:ume wJ'110hW~l$ ()ollf~(rt,od in. a11vel't nltr(lt~1 moluti.on H~~

$11v6)1 ant.bnon.1det· fjJhia was tX'f)a.tecl with bydlOlQo.blo'X'lo i:\(~ld cUld

(u1"M.mcJny p»$()11);tt~$,te4 as tIle Gulf.i.(h~ t~Oill thGfM.lpe;rl.l~~tant. rrh$

yields 1n thl$ 5c:pa:ra.tioll wfJ;e$podr but f,H)co1"dir~0 to VllUt~i.nBf>Xl..(~~:~'

._ .1 _11 1: :U~ln _n !. f'rt
. .

l.,,-q ._ b .•• MPH"-' H; '.".,'t.,Ar'.Unu __ ti;l'~I"\tIiit:....¢Jilt'$i/lJa ili~.~~"'~'

thG 8,ntin:u:my 1s vf?Jry pl..U'e. The $uli~;bl€lt 1$ not tl dli;'H$;tl~liibla raatho<1

or welgh1nt~ fu:}.timotlyand probably Oot1~l1na contl1d\9:l.~I£*bl~') imj)Ul"5. t,i~a,

tnaldn€; th~~ r~sult.fJ low.

Some 12 month' 6tt~:r })om.bardm$.nt A, ant1rllollY' WtU\1 imptlJ:ated, to '
,fif.·

Qbt(11n tbG 2.7Y»t,€"Sb« '1'110 ~;H)ti vlt;r found ha$ tlQ'M;t1~~t.l a t~w ptUf

oentovor a period of four mo,nths. ';:'11$ t;.\lwn1J1UIll a,hsol"ptJ.on ~;)m:'vo

()ou'liai.nau two bGta QOnl.1)Onel1ts. th~ li:.lQi·e ex,u"rtl;(\ltio of '\i'.;hi(~Jl ex-:tve t'l
J§{

,F'tiJt:ltJlltt:r xofJInge of '00 mg/e~o. tl;i\I~$V). 'rbe aotlvlty- hnd, H gtlI!litlfl

ra1. Qi ooergy about 0.' Mev en estinll"ltH~d f~om. «il ).!Sad ~tH~()1;·pti()n

ourve on 80 gt~mma Oltih 1J.1h.la i$ in ag1:'eameut with 'tho J)u.bli13hed

data for th18 i&;~otope*-t~ A ~Jal(}Ult:ti{.)n ot ~x »\1.. for this

isotope g~lV$ '\Talu.e~l of o.6? x l~ and o.7J x l~~

l'i 1.14~Mli 'tI~,$ ulilll!lu'at(jd by avapo;ratitl(~ ;(:'11e ~1ample plua

oar1.·i~1* with liBr $evE)~~al tlmes, taklng up i!1 HOl l:and r{;)duolng the

tol1urilutl with ~ulfW'l d1oJii:l<la. tl1jlG tallurlw:n V,r~l$ thon (UBs(,}lv(~d

in n1t)l10 {told ftlUd to;n',10 hydrQ:ld.de l:\Hla.venglngs lflll(h) f'rOJil tHJ1mCUlla

tIJOlut..1on, after 'whioh tbiJ» St"Ul1ple was preo11':l1tlllted, twice lUOl't;!l os

tellu)11urn illatal wlthanlttU' d.1ox1d() tt'ora h.yd:rooll1orl0 fH1itl ~':I<:Jlutloll.

'l:he gt"()$~3 t~llwt'ium decay OtU,··VG 1£1 q.uitE) c{.llupl(1)~ and oCiuld not

be reao.lv~d. Ih')wov~r frotll tb~!) G1"owth of 2.4 hr~ iodl11~, a '\Talu.s

of ~x If ill 'Y. fot' tb.o17 J:U.\t~I'J}~f-1.44 x: l~vu£l,a QuJ.oulatocl.

Mllld,ng a ;purlfiGd tt$llurlum al'.llH.,p),e roJ.?' ;!OdjJ10 '\fflU'S not HUOOtt1ssi'tt1.



ain.Ge t.l:1$ lod:trH~ radioohenttoal exohange was .not qu.sntitl:rt:l:v~ f,'i1'ortl

th~ tell:urltlt.:'l l301ut1on (lu$ tc~ 001,llpl€,~~:lng ot 1odltl$ (;int'l i:101.1w.''lu';,Ho

:B'c~llow;i.ng tho motl vlty of 2.4 Xll('p lC)din~ aopuriZ;-t(,;)(t pe,t·:tod.1.oally

fx"ol1l a:U.qw:rt.a otth$ ot\l,;~irw,l :"om,ple tlli1ll0 €~(-1V~ kH':)Or r~fHllt,e t'.hU;i'GO

l)oo:r l\\u(ohti:ul.ge of th$ iodine oarri$~. BowE)ver l'rolH the l'd.gl:Hij},~'t

po1.Xl'ts on the oU.rva obt'zA1Jlf;\" by JH~r1o(Uo $<:Jl)£irat.iolls of i;JH1 2.4 hre(;t"",

;L()(ilne. a value of 0.9 x l(~i'or ~x n... Y. of the 11 hI"£t." tol.1ul~i.um

w~s ,obt,atned.•

14l 1.0(;11&&1 w£1allHsp~j;l...glt$':1 by t)xld.iz.iut?; th~ i3i;lc.nl):lepluH OIJ,3:1.'1~~r

with aodiUlI1 l'~Yj')ooh,lo:t"'1t6 in lE$o<llum Qfu.'''b~')t':U:lte soluti01f to p~~l"io(late~

tMJid1tylng th1$ and ret\uoing th~ iodine with .tlyd.l~O.xyltul1:Ll:l$ to :t'r(~H)

iodine whioh V>U:iS ex.tt'aQt()d w11;.1). ourbon tet,rf,ohloride. ~rbe iod..1J1G

nitrite and n:1.t:rl0 ~otd and. re...a~1(.traQt$d il'lto Gt'it"bon' tatrachl.or,;i"de o

'rhrae suoh extro,etiotl.· ¢;)l'olsf$ V/fJre run Gndtne 1od1ne t.l'H~ll p:t'Golpltatt)(l
-I~

aa $11ver 10(1$..4$ fromuitrl0 fiCld solution. 'Ii,he aotivi.ty of tUe 8)

a.ay 1()d.1ne was o'l:n;,~erv$cl ttl 11u:unplesSel)<lrate<l atter all th~~ 22 hrc[,

10dine had dJilllcayed. FlO no l.ntHitJrt'$X'enoefronJ. tha .5.; citily xenon df:lUfl~h...

t(;}X' ()1~ th~ 22 hr~ iodine ()O<.HlX·1<j6(.l., '.i;t11G v~.l.Ui)tj)ot %x 11'"y. wel~O

tt:4i1~ly oOI1aistfJm~et.t () .. ? x. lO~' 6.7 ::It l~'~nd 0 0 8 x 1.~-' H()VJ'"

~ver ~ons1de.ring th$ ${)~,~ttfit1.. of ,Points in the aotiv;i.ty of' i:iha 2",4

hr~ it.)dlm~ ()bfH~rved in 'th6:3@ f$&tne. EJamplas, it is l)roblitoleMm.t

oomL>let$ ~)J';:Qbang0 with the ~t,u;,r1er waa !"lot ~lo.h:1,eved.

/

on dl1utl()n with alQohol aftl'!~r tumi.!l~! wi.tl.l p~rchl();t'lo a{~id.. ffl:le

oeI1u,!:tt ,Parc41Q1"tiite 'wns dleaolv'(:lld ,l JTh'9i(le b~Ull0 with tiunnwni~l ~nd t'li'lO

,t'(,'u;'\l"10 hydrozld~l8of,jV$nging preo1pitatee Jllada. fl'be solution V:lO,S

eVIl1;.pol'tl.t<,'(l, the bOO1(f)r j;'laul.ed. to elirhilll.lt~e t'1JiJl'UOO1urtl 1on.. tU'ld. ()ef~itun



again pJ."Go1:pitatad as t.110 Jl~rohlO):-ate w.h.1.oh wa,a ffiOutlted.

i~tjout 12 uWl'ltha tid:..tii;ll~.. ;tk:Hnb~1rdnJ,~mt it,· 'the ,3 y:t"~ o~~)rf''\m:;jf:l

separated." T.b,($ alUlUillU(n, ab~:wrxrtion <,lu:t'Ve f~h,c,w(~d tIn) prO;3en(;(i/ of

two beta oOtn,Po!tents, the vIsual rarig~ ~ind tIle ~FaE;\t,hoX" l'o,nco of tht,

mort:") ene!"getlobelnt~ {?,bOtl't,'O mg/o~'fo.. ,. Mev). i\. f,nmmn ray i,£~

present to the extent of about Oll"~ whioh ,h,a~'$ €All en(:u;'gy (If' about

son of the ot::H~H.1tf.'vtl(1(;\1W'il1numabsorptIon OW."V~l '\;VitJl that.. ()f Glonden:tn

and MfJtoa:lt~' showed them 'to lHJl 'pt~rallal. ./1. calcult·\tion of~ j' F'"Y"
t.,jIJ:Ii)l."";"· •

c.uenda.nln. 1,. i.. tUl.<1 H.:t~."ft!!itcal,f,l :Pl?It Vol. 91311 No o '7 .. .:r9'~"~
(1946) (in pres$).

for tha ;3 ·11"r@ o~.J g1've~l fl value of,.l :it 1~<{~1 \i~8oh fore t';Ii'{)

samples, :'Jlnoe this valua iah..i,f'rh,~}r thanthtxt 01' \:'H1Y other ~m:H;,'H3

uwulHlr, the Q(';l$5.UfG, 1n one lme:tm,ple Wat3 rad:Lssolv(}d fU1d.:r:un th.t·ougn

~:lUQthti:lr £H~rlel2i of purli'loatio.!:l steps lnQ:ludlng hydroxlde ;:H:H;~Ven(0;:i.ng

~~nd sUJ.i.'if.1e soave~:1.(~int5. Noohang~ oocurred :in th\1l speoH,'lc ~;.'uJtivity

of tha $(m}91~ indlotlting no L$ig;d..flomnt t'tJ!'lount or impurltifmw()}re

j/res4:f1nt.

1'.11 Bombardment 1)t ceBium. Wafl f:JG1,arated to tltudy tiH~ 13 day

a $h1$lded. iaotol1o.rx.\VG m:tlT(vl~$ ~:~~Jl\fav(~lu(Hj} ot ~\x

9.0 x J.~p emd9." x 1~.~8.

16)

laa<1tZ~ arMl the oarium rap.r~)ci'pl tt~t($t'1 a~} the ('hlor~(le. f1:110 ;00 JU~<!<••~~"

r,~"""was obaerved in ell hombard.mants.trhe equl11briu:m inlxt~l.tt7e of.

;00 hX'rp 'bL':Cl.lu:n and :tta 40 h~G!llfl!1tila.nUrt1 daue;hter was oqmrt,0fl tl.lid



...17..

f~om'th1a tlH3 uotivlty of the hex-lura Q:alQul~ltad. The 'i,fI,\).lUli;i$J 0:1:

~x ),f'.Y. found w~ri!J 2044 x l~,e .1.96 x l~;'"/l. 7; ~lj,; J'~~'/~md

2.15 x J.~ill. l'§Qmbt:trdmemts ,(1. B. (~and 1) respecti:l"/fJ}:Lyo

r:a::ll'1) Cir!.!aIi W411$ s"pal'at0d by tirtiJt ea$])&\:t·utints t~h~) thol'!um 111;)

the lodJiltef,'C{)M. 'I. n1trl0 aoid. TllG.n aea:t'lum. hydr()~:t(i €;} f{)llo','iii£~l~

by a cQrlum fluoxo!,le prooip11~k"rtlon 'lfUUJ lnel{1e.'rhe f'luor1$JC'i V#';l£''£ {tl&:3...

solv~i1d i~'l bo,t';io a(Jld fiUld oe;r.J.o iod~.te praoip;i.tat f3d.in tho J?X:'6t~ml(}t~

of lantkutulttlJ.l. hold bl;iQlt oarrier. ~(,lle pre.clp!.tat1<),n o:e oerlo iod,il;lt(,)

was rapel'itOtl a.no, then a zirOmllull'l io,b~ta rJ()~Veni~.t.llg prt'HJip:1tat ion

!l1{Hle. The ()$riumwfls preui!>11;i.itt6d aa thehya.roxi(lG {1!ul fLt1alJ.y

preoipitated as o$~pua o~latG.

Tb.tl 270 day C~i was EH~pt:lrat!)d fJix months triltt~U' Lk,m:lf)i:\X'QXI1()ut

'J7h$ (Hftivity deoayad with (1 270 day h(ll:t·...li1·$ with. no shtt);,..t;;~Jr pOI'iods

Obe~HjrvGd. f11110 nblfwrpt;Lon 0 \lX-V'1i) ~lhoWGd tllepraf;,HU10G oJ: no aot!vi:ty

other thtlti the 210 (lay QGt's,Wil !).nd 1tj~ 11 min¢? pra$~]odym:!.I.Jt(l dnughtar,

th(~ ('.\otlvlty t3,t zero a.baorberdaternuned.. bY' G1~trap(;}lut~.ng tkHJ bt.\i1:1ll

absorl;tlou ourV'$ tor the 1'1 min!' 11r{!i:'H"Qd.ylnlum bElol\: to ;;?Gl'tO alW01"hol:

baim~ ~~bout {j(,Vlal to iJ.alt 'til(.; total e,ot1v,!:ty e:"traJ}olntr;)t1 t;o ;e;.1()l'O

abt:lol"Oer. fl'.b.e ~alu$ot 6jl"f 1j'.1. for l:1~i;;'u:J :l,'(HJI.Ul t.o (l@1.6'7 x J'(~'

and 1.1$ x l~'{/ The p' hl~ (j(j~'<\9mS d.f.;ltel'IJ11neti Oft lXl f31UJ1"tbQm,...

bar<1xnent Hnd '\$ F.Y. for tills iaotol;Hll wat~ 1.66 x 1~'~
\

,,·3.8) ~;lirm~mn. "'it;'ll;) ~H~1t{u'ated along with the rest of' the J.'aI·O

or:arths by tluorid6 preo.1pitatlc,n at'ter soparatiO!l of tIl\) tht:n:*;lum

ted by1ol1ato i;;reoll:dtatiol1 6 lSa,mariu.rn tUtti ellropium ware t,hGn

aeJJaX·t\ted. tr01Jl the ;('e£:Jt of tht\\ l'I£U,~~ ~fjrtb.a by extruotl()A'! Wiijh

aodlwIl aWAlg6li:l frau t,m aoetatG uufteredaolut1on. rrh,f;.\ ~1m.J.;llgam. 'W(H:3



finally p~~elp1tat0d $S the ~~al~t~.

In l'o:nIDI.1iJ;-duHim;ta tAu) ,~1 llr~ sm~'''''lti~ ~~t:.u(110e14 rUH) o.()tl\rj,ty

,toWl(l oont~lh~~(l G, 4 • .5 bour, t\ 4,5 bonr 0$'1(1 l' day IJ01'liOt1H r:H) t,tle

~fw},pla W~Hj\ uu{JQtlbtedl~r (lontamiIl~~t0d VJ:1th praB0od::fi.nlunlg llBodyrn1uf.1.l

¢m)l.,pol:j~(l of ~l mlxtuJ~(;) of 40 hJ.'"p lanthHf.tU,rn and 47 hI"C ~;M;!'mal~;tufll,. Sf)

tho VE~lu($. of *,.x. ,\1'. Y. rCI;r~ tl h!b~ J)a.r.:lt,1{'i, .(1.6 if l~/1"t~prt'lf:H:mt,~.'3 (M:tly

a t11~,~imum v,r'llUt:1 nud to ,r;trolmbl.y Clormlde.rabJ.y lower nln.on tho 11$ (If;\Y'

H¢tl'ttlty WQS> qu..i,ttl Ilx'onoooiJf;)id lruU,oatiJ1B ~l()nn;i"lll$:t:'(iblt:~ in19Ixi:"lii:t(~H..

J '19) .llLV.tg!t~ Wfl~)·ilie1!l:il.l'¢kt,(~(1 hy Inolt~t:Ln£) ~1~ rOl'e enrthf'rlw'tlo'u

,"

l:H'lcl a lor~'J iJoti.vi ty toun,d whl'~h '\N~~;:; not 1"~rll(N0d, by :furt~he:t: 111:)cont~t)Jnlnn...
\

tlon {}yol~s and V~~1U:l fHiU.3um.\nlI', t.o be the 2.' yrrJ~:~: No f'3:b~:)ojJpt,i.tm

ourvfiP WIii\Spoti1s-1blo .sU',Hi the twtivlty 'waa ~~xtrap'olRtHiild to ?~@X'o nb;:H)j'.~hQr

OD. 1;lH'i\ bfls.ta 01'> Wl.n$ba:tN~'t~ dtlt4~ 'l~be vuJ.ue Oi.'9't\(: ]:;'.';(0 f'ound
-""1j~~~~~*"'''''4~~~~~_1·\ltLi~1r3lIll\tii~.~~,;};i::~4illi""."'~~~~,"".....<-;-<c;w>."v.,~,v.;.:~:"itil~".l>\~,:i.j.~~iltAlo:It'ir~



fraotion ,p:revlolJsly (t,$sOJ7:thed gnv0 €IH~1i:t.vl1~lt~c~ trt' 1~$ .. 4;:10i)1~t'~~t,f¥l l'

dt~ya. '\'f'itlIJJOerS'$ duttl.iWW~t$ UI~t:llJtl too:t.trapQ1.!~tt~l ;the, 1,.4 h(;,\..u~

1'$1"10d to zero ~baO:Cbe~rr£'h value at *,J{;,~i'c.Y. i'ound f'or t,htJ} 15.4
'3 "!1/"

hr't> :f,l~u.""'<?' \'H;la J",12 .1C 10 ~ f/'rrJIll th~ 1.5 (l~~::,. .pOl'."tlon t)1' the out·'\i~

ant1 {H~rJumlntt th~ t~ctlvity<t01H'!I tJ:t(;\ ai7i':l~~b,t~r (tit a lei hJ:'r G~"~la:t'e1)t

tJHi) ~,ttated, b;l' \tr$.neb~r)'gt~ fHut fu:t....t,he:t·. riiUi'}St1.rii1nB tbf.tt Ilc>;61.gni~ti~$;llt

sa'paj'.~a.t1(nl of fJ~),nl!.l\r:tWl'l ~And eu:r.ox)lum QCQux';t'ad in the f;;:JiJdiuxn anl~11g~1I!l
I .

e,XtraotJ.on. {l p1"ooe~a requiring s(I)verl,,\\l h.{)ura, tfl VHltl~ ,or Cl/.t\;}C ]\!'(;

for tb~ cl:ud.n of.' JU{,'H~S 1.5' was oaJ.oulat~e. tob~ )4;) ;<\; l~'"

1\ )'.

, ,

~;, 'Xh$ Flua!onY101d· ~;ix,H)¢trum end the)' f.Jroeat; (,~ea1.ji on for JfislJion

The vl,\lu$$ of: the ylelda of tl~e 'I11;~riou.a 1:is~;11on prQd.u(\ts '.n...

vef;rt:i.{~at,~~cl'att all aVtU'af~e ~~l'pJ:H:'~ <Slne:t"(:sY' of 31.' :Mev bave' been t!~.lH.l1nted

r" lin Ttiltble '1." rl'h~ae t'tr~ J?lot1;;ed in Fli.!:'lre 1 in which tho' d.~.t3tr.1't:m.t1Qn~ :

oty,1$J,dS or lsotop,ast'ornltlO 1n the bombardment 01' thOl·:1,w:n t~,11tb }7.5

Mev ho:U.um iOXU3 bas b$GU o.om,pr.:\red to the~t obtainet1 firol'!l. t.he;! :Jlow

nt1utron.t.1.s$lon. o.t~:·" n~ap1.te ttu;l spr~aclp,r t~ho po1.nt~~ it Is

nt (,;Inoa ;il}xpt;'.;rent 'that the spect:tu!l1 j.:~ !l U1td dl1!:t'arent, in t·he m1ddl~

:r.1~gion ot th~ (l1strlt>utiQn. Xn$teatJ. of ~l t~a.otor or. b()O In y-ieUl

batw(~e.n t.ba r;Heaka find' ;the tr.d..fJ.imum. as in slovJ nautl?Oll.f.1~Hd.on of

~"th0r$ lsonly a :r~:H~t·o.r of t1bt)ut two in the 13 epth of th(;) (UP'

in th() fission ottho:r1um with ,'It" Y:ffov h$llu.~rL lonfl~

It is n1[\\\0 sElGnthtit tho f2ih1@:ldet1 l:o,ott);'P(;)S BX'~.~/i;;,.tltl Gt1~""viQre

both f(»);"w.ed In v~r'1 low 1101d ~(nnpt~:rod to the unehield~(l 1S0tO[H,lS.

'I'he valu.e of ullnhJ.eldat'l C~lf:'* l)~'3,l" ott 1~h$ fh"a,vm ctlrvt:~ :'Hl.d there



fJ

Value. ot 0t :)t J!.X.. tor Varloua Isotopu8 Found 1n the J3Q-mbardmsn't of

Thgrium w1th a1.5 Uev UeUum lon8

'£B;t~~'·-;~;t;;d~;;t>,-~-~"···~~::Y~'·~;;t;;-l~;;;;~;;'-6;'~~;:";:'~(·o:l)
",bo'l /f'tlitll''''tliji t'1.,i4Il"," 1.1&,111.1,', .'.-li- L,b' f' ,118'··*i... ·u........~~! ·~~·~'~26nA.~.-

Zn . B <8~10 Sn (18Od) A O.21x10

1\$11 n rv 2.ealCi°,.a9 11 A o. efj:r~lt.i..2tJ

DraB C <1.S&xl0""S9 u it. o.a6:lt'lo...26

urns c 5.G9xlO·~7 0 A O.77xlO..26

If C 4.0$:1(10 11 ., A' 0.7SxlO Z6

3r69 A 3.34.10 26 ~:tb125A O.B~lO 2e
11 a 2.2$x10 26 n A O.93XIO"'~W

81"90 A a.16Xl0"'26X181. 1) O.9BX10"'~W

tb."Sl B2.0f.btlO,,,'-26 ft 1) O.61J~lO-2G

3,.92 a a.23xl0...se
fI D. 0.S2>1:1.0 26

tJ. 9a tIL -26 t't' U~2 .~ .' 20
-:.1" A 1.94x10 .•0 J;~ 1.44:dO
n A 1.19x1O...ea n 1)O.91xlO..26

z,.!n Da.09~lo"'2G (;.136 1) 3.0xlO...28

" D 1..98:dO...2,6" D S.lxlO..26

·.~t....99 -26 ,~..131 ...20Il'...... a 1.61x10 . ..... A 5 ..U'~lO

RulOS AI.a1:do-26
If A 6.15xIO·~HJ

Aglll f~1..S2xIO..!6 &140 A 2..44:xl0...26

'dna a N 1 .. OOxlO...2G n A2..4'lJdO",26

.. D 0.03%10.26
fl a 1,,98xlO·26

115 . . ...26 f' .-26Cd . (2,,3Sd) D 1.43xlO C 1.74%10
... al.S~:KlO ...:'H3 tt 0 1. 'llbtlO..2G

Cdl1S (4ad J A t ..01xlC)""'7 n 1) 2.23xlO 26

tt a 1.akl0"~'l &143 n '1 ,,6axlO Z6

Sn121 n O"G2~lO-le ~.144A 1.07xlO 2G

tt C 1.0bl0 26
If It 1 .. 'lS~lO..2a

II C O..96KIO 26 SmUUS n a"Sl!'lo 2'l

8u125?(7.5d) 0 0 .. 96xlO 26 tJiu185 ! 2.5::do 2£J
...28 156 -18" 0 0.78xl0 Eu ~ a.5xlO

It a O.84xlO....26 ;rou167 a 3.1xltt::m
~a .

3 n.59xlO

.' 1 d , "' "" - I ,b .,. )'I'.' ." .. t. , __ , t , fl .. 'I'



· ?'''('~ '".
,,, I' 2" * ~~'nt) f'\d--1J.tt .",,v"~,, i'll";-.,·1 (\'1 n'l)9.'nih"'14'r~ 'l"t',:l ~"'!'.'''',n:~ ,<\,L) f../
"~l!'·b., 0.;1,)' .... ';" "'~~~.•~.IJ ""'" .1."-1/" .,~, ••~~,...,."~~,,, .•- - .I.i..·•• "" .... '. W' ~.dY';;./ fie

t'rom -{~htit'$.:,iit11ts w;!..th tiJlow ntH.1tiJ'."on:L'ii]sion Wb.~1~4) 'the. ~;'",,; ;FX:t; G~~"/

l:wl#'J Xl.ot ye.t bean <1$ta)ote<l M:Ll~} 0,.pp~~rs t() be itllprQbi'::tbl~)o

"'.' 'l'·...··.J?•.·,<t..~..'t,.r•.t':.' t,4 ":.\llI> ..1J.,~ .b" !l""t'+Ollt:J 1,)',,'1 -1"'_ '1 ,t 4lI .., 1•.H,,,,, (V~l)ll..,<;':',<] ',';" l·.,. n'! \.1',~~.4'1k·i'~"".I·~t1$ .A-..t..,a.!l J;.tt,;" J.Jf),.~I. ,,,.J,,~;< ,LIIj.";.•;.lLJ". ...... ~,,t., ..J.'tI;;~ v" V.i:J,·v l:Jt$~ ~~ ,··).~t.,d~:>;.v·

yt:1~'tr,s j;~[j,th(1)I" thtUl ;5;), Y$~:r:-J. i.SL10~ th.~ C~~b~cr,p'tion

aef30na 1;;30t(}.P~) JiiW'Jt he 1.ot1~~ etlQUC')l to .w~.It(:) itt~ (i$te{~tlJ)Jl by \'h!;(~r'Jr

ove,,," .~~/f~W Ulollt.hs1xf'1H,nas.:Lb:l.f) with o:rd.:tner1 G!.JUu;til'1{~ .m,wt,h('HJ,~:J.

!n ;Li'ie;1.Uf$ 1 tht~ $UlI1 crt l~Olnitl)rio nUOlrd•. beVfi b(,~$r.t %.<J.ftt·{H:JJ<lt> ~l'h~

1$orl!~l"(l of o~~!'l~l the fHJS \.liP,(IlU if~Onte)~s- ot ~~'''~fi~w..'l hO(l~.n;;~L:\lnm{;~(i

J... ~'I!l'lUml·t;,1~,}f}; of t.b.$ va.llM::H~ of ~'Jt 1P.t.

an('BJ)~umiU8 the total t:iSf;li\>¥l y1$1\1 ·to (itdd

i \. \.,

" .

tAla ()IN)$S eect14)11 or tborlu:;n 1't:>r tissiQl1 \d.th ;1.' M(i~V h01ium 10n.i,~

ot" 0.,$ .;t. 0.1 bl!.~rn 16 round. The probnble I;)r:t'or of 0.1 bnl~n' it;~
weighted

Gr.~tinl~Tltl$d ·trQ'ul 'the tl:1tacJ;lj.b,xtl01l of .poj,.nti'.~ tinii the 'GYlH:1iJ Oi1.;:nll~V<;)G

wh1t~hOCHll,d, 'b\l) dr;0Vn1 tilr(Hlt'sb th.ose ]lH)!n:bs oth01!tbtm. 'cJ!,'@ uno (j,l".:.VJk~t;

-i'r't;.J,,,! f'!'ot .... «..'... "n .t....<~l·H,,~ ,....r;> ."J,.·"",·,.t. '1 !'1I't '1...,.~ .... tl1Jl1li 4""!:'."~~'~'"'''' "O"~.m>'.:l IF'.'~' ;:~?:;;.·(4(,?-_Jl:&J.,.t.~'iJ ~;;..)J,.\J~~ ("""" W(4,j~~ I\oI}.... i.;'I.Vf.,;;f,...at4i•• {j)~ ~V,£i,;-,\oiV,j;4L·G ..~J.. \-M",", J'.L'~'J..",i. \ti>.;~~ .j.')W;~'~'l',.t'.

::!f!:> I'fll'llOl J?1$t'd.oni]:xo1ta-t.tcU1 Ou:t~V(;~ of.' Tbo:rlutil '\;'fith Al;plH;j

..··tr'l1~il1 l(tyeX'$ s~.tHir('lt~~d in. th~,,;il1.in.£z; 01: tho t.l:lOx"ltw: d.i~H~ tWftJtl In



I n I'1'Y'''''';l' ,,,- ¥\'" <I.t~,.... r",,~pqu~"'~':"~ w:1 1"'1 J2Jl1rK,~ii'n'J.1'1I~<"H'li~'i ''''''" "" ~\""" ':) V >{>""'~>••",J, ..Ll",l,r,' '!i1I, \jt~v },j...,~,",~.,. - ,••\J, ..r.4 "'_~A... """'...lIf .... """.;rw ...\A, .."'... :,c;"ll.., ~ ""<> J......" •
.t, ,

t.h.,~ 1~30tOj':H;~B, l;rt;\l(~$.~d ;tn (,ttli:H:~l:l 01' tilt;) vur1o'Utl It:t1$l',f,l. t.L;,OJ:";~,'J.!ll t~O'"

$1.mJ.t/j,'1o,n :rl~lSlon' Ol,~ to Ut" CQlrtblnat1()u 01' 'lillet\;1Jo ~tt;i1l0ti0.

J:n tlu;, t1rr~t 200 ll~~~/Cl~fth~ thoriUUl tll~tU.t,t'l"ibut,i.o.n.

tiona to ofJ,\oh (,.lth(j)!, !:~nii' to tilG~~rOSa S~Hj()1f'!o tH~t:i:~;tty" \Ch.~ ];l"()jiOX'""

tlon o:t'tb.G 4j) d~1()(.ld,n:tJ.Uil1(10GfJ (l(ato,'Il'e~jfj$ 130JIH1JlN}lflt but wh~~t,h~r 't,hi$

if$ ~):L{J)11f'.Qt111't ox- not l:ill dOl,lbttt.,'tl ~!iln()~~ th(li yl~ld, heOOtfi(;H~ ~3() loW.

13~low ~OO nl{~/<n~til~ r$lat1v~ ,r.oe.JitionfJ ~{r(j !:t)[;d.utilln(;li{l e,:,\J':~'iiilJJt in 'the

case of (!ftrolltJ,uat villloh ahlttfJ from. a. l)Qsi,tion HUQV()} bt'iJ;'.tt\m to o.n,~

b~;,)l()W'~ In tIHl) :C'11~at ,tou:c l~';\;re~;:;! i3~;~i!.iZi '~n abnoj,~ltltf(ll.y h;1~;;h ~l~ii)l(l
l)(:JntI~t\ll~(l to t.t;t~ otb~c 1t~otr).patl. aiJ.l(~()) .it ia.t&ot ~,;,q,~(iHly:.~~lilt~~J b(~ (~l.l()VO

l'>li'iX'.:lum1 1f tJ::u~ two I1f::'tlv~s ott 1~he QU;t+iI,~ '&1"0 ~3ynlrt\()t,riQo.1., Tb~~ IJ!,~OtJJ(!it\1CH!)

of krYl}t~on O~ r~~b:tditl,U ;ttn~H~rltl$s :tn the thorl11\11, t(u:got t,;o ,Ol"odutJe

$~b:r ,pb11..t.1{)11~ ~"{~~Hotl(,m,s is no't lil'C('>ly .;;tnd i1J~.,u"lti0a of ~:rtJ;'on;t.l:um

(,l~ y'ttr;1u.U'1. 'whlJ;.01.l1(>X~(~ J~;Uf;:{~l.y {M\~, lml:;urlt.10s vloul<l l}af,dtJ..~tx'{il Jj £il,Gmtt"f,)n

Ol" d,eu't<l1*()n: tlt'Ult ot fairly hletJ.t iJlt(<)1'Ult1t;, to r.{~ls$ tb~} y101(~[1 (:Ii' ~lt~~/

to 'th$ v{{llu\1l\$ found.

I

q~ 1'!l~ Y. fOl.JJHl t·()!~ btf,;riu,m, !l/!l'{va 'be(1)n Zllott$d (~gtl1A:Hi;t thf; 'lJh:Lol,i:IHji!:~fJ

of t.h()l',tUl;t\ ~)..nd (U1 tli(oltfttl(:Jtl cm:j~ve (Jt~awn. ~rhG thl'BfJhold :CO;K~ 'chiD
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FISSION YIELD SPECTRUM OF THORIUM FOR FISSION WITH 38 MEV. HELIUM IONS

COMPARED TO THAT OF U2BS FOR FISSION WITH SLOW NEUTRONS
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YIELD OF SOME FISSION PRODUCTS FROM THORIUM +-HELIUM IONS

300

FIG 3

EXCITATiON CURVE OF GROSS BETA ACTIVITY IN THORIUM TARGE~I
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