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T2 AR ACCOUNT OF THE DISCOVE:Y [SA )

AND FARLY STUDY OF ELEMENT 9k
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The dfsoovery of element 93239 as the dsughter of 0259 produced by tﬂga:

)ECLASSIFIED

iy

capture of & neutron in 0238 was madé by E. McMillan end P. H. Abelson. 1In
N 1 M

theiy mblishod report” they desoribed a method of eepara'ttng thig nev element
fram the other known elements based on chemiocal propsrties which they had

studied using tracer quantitics of element 93. The eseential feature of their
'.ohmioal goparation wae the existence of two oxidation states of 93, the lower

hsving an 1naoluble fluorids &nd the other, reached by treeting the lower statsi

C!assnﬁcaﬁon changed 1o

with a powerful oxidizing agent, dromate ion, being soluble in the presence of
hydrcfluoric acid,

In their report MoMillan and Abelscn pointsd out that ginoe their
preparations of 93 dabay@d,by veta-particle emission, element 9% was almoat
6ertalnly prosent as the decsy product. Howsver, they were unsble to demcnstrate
the prosence of this 94; that fa, no radioactive decay with correeponding
ohserveble radietion was found by them.

In June, 1540, E. MoMillen bombarded & uranium target with deuterons
in ths 60-1inoh oyolotron, and by the method of McMillan and ﬂbeleon.eeparated
echemically the 93 fraotion, By msens of an absorption curve he found that {ts
~hsta*apectrum contamined @ cuwmponent of 1 Mev upper energy limit, which ta
more ensrgstio than the beta-raya from the previously discovered iactope, 95?50
Hig decay ourve for this sample indicated & ha}r—lifa of about 1 day. Also,
ke found a growth of alpha-particle gotivity in the semple at & rats not incon-

glatent with & haelf-1ife of roughly 1 day for {ts parent. He measured

1 RB. sosillan end P. H. Abeleon, Phys. Rev. 57, 1185 1V, June 15, 1940,
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approximately the range of theee alpha-particles; and used the -activity as a
tracer in a few preliminary studies of the chemical properties of the alpha-
radiocactive element, = ' | | ‘
| | About Deocember, 1940, aftgr_,:;lcmnan had left Berkeley for M.I.T.,
G. T. Seaborg wrote to him and obtained permission to go ahead~w1th this work.
Then, working with A, G. Wehl (at that time & graduate student in chemistry) .
and_Jt W. Kennedy, he obtained snother bombardment of deuterons on uranium;
the 95 fraotion was geparated and atudiedvéa;before. Again the 1 Mev beta-
partioles»vera found, but in this caae the decay ourves (taken with end without
abaoﬁbers)lahowed only & 2.3-day half-1life., After the beta-asctivity was
'iarsaly decayed, alpha-parflcle radicactivity was found 1n the aample. Using
this slpha~activity as a tracer, ecne ohemiéal studies were mande. It wasg
found that this nev substance 414 not volatilize with 0s0; 1n an acid solution
conteining dbromate ion, did not depoait on copper by chemical deposition,‘did
not precipitate with hydrogen sulfide in acid solution, 414 coprecipitate with
aérium fluoride from hy&rqﬂnoria'aoid golution, and was not oxidized by dbromate :
ion 1n cold osulfuric acid asolutions to a stete with a soluble fluoride. Thess
few observetions ahowed-that this alpha-emitter waa chemically different from
most of the previously known alpha-active substances (thorium and somariwn
'vére not eliminated as poeaibilitiea). A preliminary investigation of the
rangs of these nev slpha-radiations was made; the range wvas found to be very
gloase to that of polonium. All this work was done in December, 19LO.

The same group of workers got & second uraniuﬁ plus douteron bombardment
on January 13, 19&1. Careful study showed that the ensrgetic bets-component

of the 93 fraction decayed vith a half-life of 2.1 days (different from the
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239). Moreover, the growth of alphe-varticls activity

2.3 day helf-1ife of 93
was found éo follow a 2 day half-11fe. It was therefore concluded that thias
alpha-emittor was &8 decay product of & new beta-active i1sotope of element 93
and thus was & new elemsnt with atomic number k. (Appfoximately a year and

‘a half leter thie particular isotope of element o4 was identified es 9&958 by
J. W. Kennedy, M. L. Poerlman, K. Segre and A. C. Wahl; see report A-207.)

' The chemical pfopertiee of the nev element have been the subject of
oontinuéus 1nvémtigation-aince ite diécovery. Bj the end of TIebruary, 1941,
the oriéinal vorkere had noted at leaat two further propérties: that 9h'formed
an 1naolublo'1odat§, and that 9% had & higher oxidation state (reached through
‘the action of peroxydisulfate 1on, often called peréulfate fon, with asilver |
ion As catalyqt) vhich was soluble in the presence of hydrofiuoric aoid.uﬁTﬁﬁ§§ 
latter property is of special 1mpoftanoe in separating it from other eleméh£$;-
A summery of ali these results from the deuteron bombardment of uranium ias
believed to be in the files for future Physical Review publication, in the form
of a report signed by Beadorg, McMillan; Wahl and Kennedy.

Mearwhile, the probable preparation of an isotope of 94, namely 9&959,
by the daéay of 95259 es reported by Mcﬁiilan and Abelson had not gone
unnoticed. 'Even though these atcms presumed present in the McMillen and
‘ Abelson éampleu hed been obéerved in no wey, on about December 15, 1940,

E. Fermi, E. 0. Lawrence and E. Begre held a discuesiﬁn; in Pegram's office
at Columbis University, on the possibility of msking with a cyclctron enocugh
9h2§9 to measure gome of its nuclear properties, and in particular to investi-
gate the question of its fisslon with slow neutrons in view of its possidble

application to a chain reaction. This discussion followed scme preliminary

talks on the asubjeot. 8egre returned to Berkeley on Janmiary 1, 19ﬁ1; to
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follow up that mxggostion; e talked further with Lavrense, etudied ¥cM1llen's
and Abolson's work end mads plane for the exporiment.. Ho asked. Seadborg to
cooperate in the project. On January 24 they wrote to Ferm! indfoating they
were ot vork, |
puring appraximt.ely this same period Seeborg and Lawrence had
M1m correspondence enclosing a report by Abeiqon on the usefulnesa of
the 9&239 in supporting & ohéinlreaotion provided 1t fissioned with theruel
mme vith a favoreble cﬂoﬁ‘s seotion, as there wers strong theoretion)
s’aaaom to Yelisve. He vroto iln ihis veport (The Thermal Neutron Capture
Oroas Beotion of 93259 and 9‘*‘?39) that ¥. McMfllen had’been aaked by the
uranium committee to make measurements on thease oroos sections. McMillan,
however, had been ocalled to M.I.T. and suggested (in a telephcns conversation)
that Beaborg should "handle the chemical side of the problem... /and/ the ' |
ohobaing of & physicist to tako care of the phyaioai eide of the oxperimentas.
89 further auggeai.ed that Professor Lawrence be rerscnnally intereated 1in a
supervisory capacity.
In this roport, which appears to reflect the opinfon of the uranium
cmnitto.é. Abslson writess
Obviously, thoe results of theso experiments will
have & large bearing in the detormination of the
value of wranium powsr. It {s probable that the
coat of isotope goparation will be great. The
dsoieion to spend perhaps & million dollars on &
separation plant may vell hinge on the results
cf thege experiments.
With this dackground of requests for Informaticn on the fiss‘om crosn
ageotion of 918259 » 8Seaborg and flegrs naturally collaborsted 1n their effortino.
on Januery 11, 19%1, Begre wrote to f‘emi £iving scme banbardment yielda ond

acking for some needed uranfum. He edded that another person would bo

required for the 'experimn"'ﬂ' e T LI S ﬂEcLASS’HEU
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After a'February BpentulqrgelyAiﬁ practicing chemical vrocedures
&nd determining yields, Kennﬁdy'vae asked to Join the groun, end adbout
March 1, 1941, the big bombardment of uranium (with neutrons) ves made.
The 93 fraction ffém this {rradiation vas separated by the method of MoMillsn

L
H

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

_ uranium at the etert, Thie sample (A) in 1ts rsre earth carrier was studlod

and &8 its beta-activity decayed an alpha-activity wee found to grow. This

wag of oourse the same isotope of 94 that MoMillen and Absloon hed prepared

' in esasntially the same way, but now it was available in such quantity that

1ﬁa alphé—emieeion vag obgerveble. This 9h239 sample (A) was veed during
April by Soaborg; Segre and Kennedy io establish that the isotope gave
fisolons with aiav neutrons. The saﬁple seemed thick with rare earth carrier;
and on May 12.1t Qaa:given to Wahl to be separeted from much of the rare
esrth by means of the chemical reactions of element 9% which he had learned
by use of the other 9h 1éotope, 9h238, as iraoer. Tle fthinned"'the samnle
down to about 200 miorograms of rare earth carrier and mounted 1t as canrle
B. This was uped for final cross seotion meaéuremontm. Then, on about

May 29, 1941, the results of this work, Including the fiasion cross section
for alow nsutrons and the half-life for alpha- decav, vere nubmitted in

the form of a letter to Dr. L. J. Brigré aigned by Seadborgs, Segre, Fenncdy
and Lewrence. The body of thie letter wes 1asued from Yeshington as report
A-35, At the present time, the letter is in the files of C. Breit evaiting
eventual publicetion in the Physicsl Review.

x¢
239 wvan nade in the

Puring the surmer of 31941l & larger sample of 9
oyclotron and chemiocally purified and mounted (1n rere earth carrier) Ly

Wehl. It was used in some fast neutron flseion studies by Scadorg and
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Segre (Repurt A-é?).' In the fall,'this eamﬁle vas uged by Komncdy and Wahl

- in an investigation on 1ts possidle spontanscus fiasion; their resulte Qere

reported around Deoember 1, 1541, and upneared in the ﬂeoret reports as A-68.
239

i the prosent year (19&?) much larger samples of 9% have been
prepﬁred, both in the Berkeley 60-1nch’ cyglotron and in tho B8t. Louls cyclotron.

The samples so made were £0 lerge that 1t has been poscible to obtain and

‘.atudy them purifiod and without rare earth or other cerrier. This work hes

Béen done ﬁndﬁpendcntly by wehl in Bérkeley'and.bx a grouﬁ of cherlata

working under Seaborg in Chicago.’

/K/MA "0 K/i’ 7/ \
W%%)

s/ Josevh W, Kennedy
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