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AN ACCOUlfl' OF THE DISCOV'E.Ei 

AND i'.ARLY gruny OF XL.El.fll'Nl' 91~, UJ 
< 

DECLASSIFIED c3 w 
The dtsoovery of element 93239 ae the daughter r)t r./39 produced by t~ , 

capture of a neutron in u238 
was ma~ by E. McMillan end P. H. Abelson. In 

their published report1 they described a method of eeparattng thts new element 
0 ..... 

1 tl"al1 tho other lmwn elements baaed on ohaD!i cal propert 1 ee wh 1 ch they bt1d 

studied ue!ne traoer quant1tit1a of dement 93; The eaaent1.sl feature of 
r;:: 

the1r .2. 
u 

Ohauioal separation vao the existence of two ox1dat1on otatea of 93, the lover S 
+= 
3 

haVing Wl insoluble fluoride end the other, reached by treating the lower atateiE .., 
~ ~ 

vtth a poverful oxidizing agent, bromate 1on1 being soluble 1n the preeenoc of u 
hydrotluorio acid. 

In their report McMillan lllld Abelson pointed out that ainoe the.1r 

prepo.rotions of 93 deoaye4 ,bY beta-particle elll1ss1on, element 91~ we almoat 

oertatnly present oe the deotly produot. Rovever, they vere unable to demonstrate 

the presence of th1e ~; that 18 1 no rnd1oaot1vo decay v1th col"Teapond1ng 

obser"VZbls radie.t1 on ·vae fot~nd by them. 

In J\mo 1 19401 ! . Mo)Stllon bombarded a uran:l um target v.t th dauterona 

in the 60-1noh oyolotron, and by the method of McM1 llan and Abelson separated 

~.b.emicall.Y tho 93 fraot1on, By means of an absorption ourve he found that 1te 

beta-opeatrum oontatned a oomponent of 1 Mev upper energy llm1t, vh.tch 1a 

"~(I 
tBOl-e energet1o tlum the beta-l"aya from the prev1oualy discovered Jaotope, 9.Y·"'. 

JUs deoa,y curve for this e6llipla 1nd toeted a hal f-11 fe of about 1 dny. Al eo, 

he found a growth of alpha-parttole act:v1ty 1n the aample at a rl'lte not 1noon· 

~91stent wttb D. half-lifo of rnllghly l day i'o:r t ta r1arent. He meaeured 
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approxtmatel7 the ranee of these alpha-particles; and used the·aot1v1ty aa a 

tracer in A fw pre11Jn1nar,y studies of the ohem.ioal properties of the alpha-

nd.toaottve element. · 
·•' 

About Deoember, 19401 aft~r..!·~oMillan had left Berkeley for M. I .T., 

o. f. Se&borg wrote to him and obtained perm1sa1on to so ahead with this work. 

fhon, vorkins with A, o. Wahl (at that time a graduate student 1n ohamiatry) 

end J, v. Kennedy, he obtained another bombardment of deuterons on uranium; 

the 9' tre.otton we separated and studied as ·before. A8J11n the 1 Mev bcta­

partialea vere found, but in this case the clecay curves (taken with and. without 

absorbers) shoved onlJ a 2.3-day half-life. After the beta-eot1v1ty was 

· laree'-1 clecayed1 alpha-particle rad1oaot1v1ty vas found in the sample. Uaing 

this alpha-eot1vit1 as a tracer, same ohemioal studies vere made. It vaa 

toun4 that this nev subetano~ did not volatilize with oao4 in an aoid solution 

oonta1n1ng bromate ion, did not deposit on copper by ohem1oal deposition, did 

not preo1p1tote vith hydrogen sulfide in aoid solution, did copreoipitate v1th 

oor1um fluoride ·tram bydro£Wor1o ao1d solution, and was not oxidized by bromate . 

ton 1D oold oulturto aoid solutions to a state with a soluble fluoride. These 

few observations shoved that this al~ha-smitter vaa ohemioally different from 

,moat ot the prevtouel¥ knOwn alpha~aot1ve subatanoea (thorium and aumarium 

vore not eltm.inated aa poae1b111t1ee). A preliminary hlvtJstigatf on of the 

J'8D86 ot theatt nev alpha .. radiatione wae made; the range wee found to be very 

oloao to that of polonium. All this work was done in Dec.ember, 19hO. 

The B8Jile group of vorkera got a second uranium plus douteron bombardment 

on January 1,, 1941. Careful study shoved that the enersatio .beta-component 

of tho 93 traction deoayed v1th a half-life of 2.1 deye (different from the 
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2.3 day half-life of 93239). Moreover, the growth of alpha-~art1cle activity 

waa found to follow a 2 day half-life. It vas therefore concluded that this 

alpha-emitter vas a {ieoay product of a nev beta-active isotope of element 93 

and thus· .vae a nev element vi th atamfo number 94. (Approximately a yeor end 

a half later this particular isotope of element 94 wee identified as 94238 by 

J. w. Kenned,y, M. J.,. Perlman, E. Segre and A. c. 'Wahl; eee report A-207.) 

The chemical properties of the new element have been the subject of 

oanttnuoue 1nveat1satton·a1noe ita discovery. By the end of FebMlary, 1941, 

the original workers had noted at least two further properti.eat that 91~ formed 

an insoluble iodate, and that 94 had a higher oxidation otste (reeohed through 

the action of peroxydieulfate ion, often called peraulfate ion, vtth c.dlver 

ion aa catalyst) which was soluble 1.n the preaemce of hydrofluoric aoi.d. Thf~:: 

latter property 1a of special importance in separating i.t from other elements. 

A &\.1lllll&r1 of all theoe results from the deuteron bombar~nt of uranium :fa 

believed to be 1n the files for f'ut\lre Phys:toal Review publication, in the form 

of a report signed by Seabors, McMillan, Wahl and Kennedy. 

Meamrhile, the probable preparation of an isotope of 94, namely 94239, 

by the deoay of 93239 ea reported by MCMillan end Abelson had not gono 

unnoticed. Even though these atoms preaumod present in the McMillen and 

Abelson amuples had· 'been oboerved in no vey, on about December 15, 19l~o, 

E. Jerud, 1. o. Lavrenoe and E. Segre held a d1acuea1on, 1n Pegram's office 

at Columbia untvera.i t;y I on tho poea1bi11ty of tn.ak1Il8 vi th 8 cyclotron en(iue;h 

4
239 . 9 to measure sane of ite nuclear properties, and in part1cular to 1nveat1-

~te the question of its f1se1on v1th slow neutrona 1n v1ev of :Ita poantble 

appUoetion to a chain reaction. This d1eouea1on followed eomo preHmtM:ry 

talks on the aubjeot. Segre returned to Berkeley on Jo.nuory 1, 19hl,· to 
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follow up that f11188e&t1an. He talked ·further with tavrence, etudi.ed f~c~Ullon'o 

aDd Abelson' a vork end 111848 plane for the experiJnent. He asked. Sees borg to 

oOOJ)Ctrete tn the proJect. On JanuarY 21~ they-wrote to Ferm1 indioatJ%)8 they 

Durins appro.ximately this emDB period Seeborg and t.avrence luld 

~1ftd oor.reapondence enol<?etne a report by Abelson on the usef'ulneea of 

~ 942'9 1n au.pporttDs a ~in reaction provided 1t f1solOJ.wd. with thermal 

peutrans vtth a favorable orlosa oeot.ton, ea there were str0'.08 them-vt1 oal 

i'OUODa to believe. He vrote 1n this report (The Thennal Neutron Cnpturo 

Croea Seotion ot 93239 and 94~9) that E. McM1llan had been aeked by the 

uranium oaaa1ttoe to l18ke meaautoements on these croas sections. v~~iUl&n, 

however, ba4 been oalle4 to M.I.T. an4 &\1880oted (in a telephone conversation) 

that 8eabors ahou14 "handle the chemical aide of the problem •. . Lanf4:7 thf) 

chooeiDB ot c pbyaiotst to tak;o care of the ph;rajoal eida of the exper~tmcnto. 

Be turthor ausgva1~ that Professor Lewrenoe be peroonnally intoreatcd 1n o. 

euperrt aoey oepao' ty. 

In thia repol"t, vht.oh ap-;->&are to reflect the opinion of tho ur:m1UI!t 

ooua1ttee, Abelson vrttear 

ObViously, tho results of theao erper.1mento vnl 
have··a large bear11'18 tn the detormfnatton of the 
value of uranium pover. It te probable thot the 
ooat ot isotope ocparatton vUl be great. The 
4eo1aion to apend p6rhapa a million dollars on a 
sepe.rat1on plant may vell h1ngo on the reaulte 
of' theoe e.xpertmenta. 

Vitb this background of requt!)ate for lnfonnat!cn on tha f'1oo~on croao 
:?39 

section o~ 94 , ae~abors end Oeent naturally collabomted 1n thalr tlfforto. 

Oft Jtmuer,y 11, 1941, 0081"0 Vl"CilO to ~'onn1 [.;1v1ng 8Cl'll0 baml.Jo.rdu.nt yi elrla end 

cak1D4J tor laM needed uranium. Ire added tliat anotllo:r peroon vould l)(l 
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After a· February spent largely in practicing chenrlcal procedures 

a.n4 determinins yields, Ken.i"1edy vae asked to join the group, and about 

March 1, 19411 the bie bambtl~ent of uranium (v1th neutrons) 'Yes mad.a. 

The 93 fraction tram this irradiation vas separated by the method of McMillen 
\ •. ·~ ·~ .. . 

and Abelson, vith en ether extraction step added to remove most of the 

uranium at the etart. This sample (A) in ita rare earth carrier voa otud1od 

and ae its beta~aotivity decayed an alpha-activity vae found to grow. This 

vae of oourae the same isotope of 94 that MolUllen and J\beloon had prepared 

in essentially the sam& way, but nov 1t'vae available in auoh quantity that 

ita alpha-emlaaion vas observable. This 94239 sample (Ji.) vas uond durine 

A,pril by Seaborg, Segre and Kennedy to eatabl1eh that the isotope f!llVC 

f1so1ona vith eiov neutrons. The sample eee.n.ed th1ok with rare earth carr1er; 

and on May 12 it vas. given to Wahl to be serparated from much of the rare 

earth by means of the ohemieal reaotiona of element 94 vhioh he had learned 
. 2"ll8 . 

by uee of the other 94 isotope, 94 ., 1 as tracer. ne "thinned'' the sam-::>le 

dovn to about 200 miorogrGmS of rare earth carrier and mounted tt ae scmDle 

B. This vas uaed for f~nal CZOf>SB seotion h16aeurel1l6nta. Then, on about 

Ma,y 25, ·1941, tho results of' this work, includ.ing the fi oa:f.on croea section 

tor alov neutrons end the half-Hfe fol" alpha-docay, '\Tare ou'btlttted in . . ,,. 
the form of a letter to Dr. t. J. Brigga o1gned by Seoborr:, Segro, 1-:-ennedy 

end Lawrence. Tho body of this letter \l'&.a issued from Hl'ahtn{)ton e.o report 

A~3'· At the present t:f.Ioo, tho letter is in the f1lea of G. nrett mmittnr, 

eventual publ1oat1on :f.n the Phya1csl Rev1ev. 

2")(9 
Durlfl8 the &lm1ll8r of 191~1 a larger sample of 9!1 ::; waa ronde 1n the 

oyolotron and chem.ioally purified and mounted ( 1n rare eart11 carr.1 er) ''Y 

\llllhl. It vae used in some faat neutron fission atud·tea by Son1>0l'S nnd 

-- QR -~~\WJi!K ':"H" -
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fJegre (ncpo:rt A-22). In the _fail,· tJ:lis eBmple \JUe uocd by Konncd.y and. 1,'nh1 

in an 1nveat1gat1an on 1ta possible spontaneous fioaion; their reaulto ~ero 

reported .around December 1, 1911-1, nnd appeared in the oeoret reporto aa A-68. 
1 

Di the present year (1942) much larger ·aamplee of 9!1 239 have been 

prepared, both in the Berkeley 60-inoh· oyqlotron and in the nt. ~.ouia cyclotron. 

The se.m_Plea so l!l8d.e were· eo le.rge that it haa been poeo:lb1e to obtu1n end 

.StUd,Y them purified and WithoUt rare earth or other CB!"r:fer. 'rhja Werle hH3 

. . . . . 
b_een done indepondontly by Wahl in Berkeley and b;y: a grouv of ch~m1 nto 

working under Soaborg in Chicago. · 

s/ Joseoh H. Kennedy 
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