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A. Gh1orso, T. Sikkeland, J. B. Wa.lton1 trnd G. T. Seaberg 

· ~attfi:Ul .. Laboratory end Depta"tment of Chemistry 

UniV'!!B"sity ot .Celltorn1a, Be~kele;'/; Caiifornia 

By th~. ··use at e. rQdical,l.y new me'tbl?a1 ~ have succeeded in 1d.1ent1ty1ns 

'~iguousi7 .1 an 1'Gotope of e~nt 102. la other careful 

e~riments g edrid.Ueted over a pe~1oti ot. many months we tad that we are u.nabl~ 
--~ -collfirm the . element 10.2 d$.scover, \ro:tk ~f ;Fieid.a !1 .!:.\• reported in 195'7. 3 

The experiments e.t Berke leu ve:te perfGnnecl w1 th the new 

heavy 1:on llttEtar acceler.at-or (~) 0Wr· a period ot sev$r,eJ. weeks an4 . eulins ..... . , .............. 
nated. , __ the ebem1cal. ·t~titieation of :an isotope of 

fem1um (F.rn2' 0) .ae the -~ter of .au aJ.pha-l)a.rticlE:.-emt tttng isotope ot el.ement 

l.Q?. (m,22j4). iJ.he method. used to dewct tb.e ie.otope ot eieJnent 102 lmB eeraenti61ly 

,e . eontinUd\18 m11it1ng experlment ~in the atoms . of the -daughter element 100 ve-re 

. s~--arated from the· pa;rent eiement l.Q2 b)t told.ng sa.vantage of tbe rec:oil due to ·the 

· ei¢n~nt 102 cU.~ particle ciecQI • 

. · · ·'.t'lle :target eo~i:sted of a mixture ot isotopes of curium (~ am244 w.d 

4.51> em2~) m~te4 .on a ver, ~ niCkel t'oU. ·The target RS approximately 

o. ~ ~mgje!A12 thick ···and vas :covered With 7$ llfln/cts/~ aluminum to prevent curium 
~ern. Wh.e. eul1ium ·was bombarde.4 with mono-energat1e 2'2 ious e.t energies 

from 60 to . .1.00 ,Mev. 'tile -t~e.usmt.tted~_ai:io:ine wet'$ -knocked into heU\lDl gas to absorb 

the oonaUers.'bie reco.il··-energy. It 'VaS toun4 that With a sutfioient electric 
· · fleld stren~ pi'!aetioall.y all o.f these poei t1 veiy cbarged atoms ·could be a.t• · 

trac~ to a ,moVlng rie,gatively charged metallic belt placed directly beneath 

the target. 'these .a~ would. -then be carried on this :conveyer belt under e. foil. 

Wieh vas ebar:ged negat"i~lt rele.ttve to the belt. Approxima:tely halt of the 

atoms undergoing alpha deca-y troul.d canae their ~ter atoms to recoil trom the 

s~f'ace ot the belt to the catcher f'oU (see Fig. 1). '.fhe· catCher foil was eut 

trans~rseiy to the dtrection of the belt motion .1nto five equal length sections 

after a. t1me .Qf beniltiardment sUited. to the half-life ot the daughter atom to he 

examined. ~ five foils 'rete then a.lpba...opulse~ed s:J.mul.ta.ueou.ely 1n a. 

multiplex assembly consisting of five Frisch grid chambers, empl.U'ier,e, a &ingle 

W11ktnson ty_pe "k1ck•sorter" 1 and a. printer. W1 t.h this equipment 1 t w&; easily 

\ 
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possible ·t.o make al.l the desired measurements for identifying the atoms caUght 

on the catcher foils and thus to measure the half-life of the parent of the 
24o recoiling atoms. The method vraa first successfu.ll.y used in bombardments of Pu 

u 2~ 
with C ions to identify a new isotope of element 100, Fm • It was shown to 

have a half-life of 0.6 minutes by analysis of the amounts of the 20-minute 
244 Cf caught on the catcher foils. 

Experiments were then started \Th1ch were :aimed at finding a _short-4ved 

isotope of element 102. 'l.'he most likely isotope of'. el.ement 102 that could be 
254 . . . 

detected with this method was deemed to be 103 with a predicted half-life of 
250 

seconds leading to the 30-minute 1 7 .43-Mev # alpha.-particle•a'litter, Fm • The 

first experiments showed that the electrostatic shielcling between the target and 

the catcher foil was not camplete enough, since· some of the origineJ.ly produced 
246 . . . 

atoms such as Cf wre found on the leading edge· of the catcher foil; add1 tione.l 
. . . 

·shielding reduced this problem to insignificance • In a. series of experiments it 

was ·found that Fm
250 could be collected on the catCher foUs in accordance wtth 

. .. . .. . . 246 12 2"54 
a par.ent of balf~llfe 3 seconds produced in the reaction Cm · (C ,4n) 102 

(see Fig. 2) • . The. exci, tation function for producing Fm 250 in this manner was 

fouild .to peatt sharply at 70 :t: ·5 Mev. correePc>nd.ing to a (c12 ,4n) reaction in ac­

co~ce with a recently developed ~ethod for ca.lculation of. (c,xn) reaction 

cr~ss-.sections. 4 
That the atoms collected are ejected by alpha recoil of au;~s 

from the belt is proved by the fact that. n<:d~her cr'~46 nor cr245 which are ·col­

lected in fa:r greater amounts on the belt are found . prominently . on the catchers. 
. . 250 ·. 

Changing ·the belt speed was fotmd to change the distribution of the . Fm · on the 

catcher foiL in a n1a.nner confonning to a three second parent. The number of 

Fm 25° counts observed in a single experiment was as great as ~ and corresponded . . . '"'46 
to a maximum cross-section of a few microbarns for the reaction with Cm~ • 

Nuclear-emulsions placed above the moving belt to rece1 ve the alpha particl.es 

from the decaying 102 atoms are being scanned to determine the a.lpha energy of 
-254 . . . 

the 3-second 102 but there are difficulties with this method since there 
250 245 2146 ere hundreds of times as many tracks due to Fm , Cf , Ct , and other 

a.lpba emitters. 

f . . ~0 i The final identification o the activity ascribed to Fm was carr ed 

out by dissolving the activity from the catcher foil and separating it from the 

other ac·tinide elements by elution with an:monium a-hydi-ox:yisobutyrate from a 

column packed with Dowex-50 cation exchange resin. 5 In one experime~t 2 atoms 
250 

of Fill were identified and in another 9 atoms were observed in the element 

100 position (see Fig. 3); there can thus be no doubt that vre have identified 

element 102 in these experiments. 'ole ere deferring the naming of element 102 

to a later date. 
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We would also like to report some very recent experiments designed 

to look for alpha a.cti vi ty from as yet undiscovered element 103. The same 

curium target was bombarded with ca 0.3 microampere of (+7) ~4 
ions. The 

atoms of 103, such as 103
256 from the em246(~4 ,4n) reaction, would pre· 

sumably be collected on the conveyer belt as in the other experiments. The 

belt speed vas 3 inches per second since the half-life of an isotope .such 

as 103256 would be expected to be a fraction of a second. Nuclear emulsions 

placed just above the belt to receive the long range alpha. particles from 

the decay of this nuclide have been examined carefully for such corresponding 

tracks. We hEive found 16 tracks 'td th an energy of 9 :t: l Mev and posi tiona 

in the nuclear emulsion consistent with a. half-life of approximately 1/4 

second. These tracks could be due to an isotope of element 103 but froril 

these crude preliminary experiments it is of course not possible to rule. 

out the possibility that they are due to the production of new nuclides be­

tween polonium and thorium from tiny lead or bismuth impurities or are due 

to prompt alpha particles produced by the interaction of neutrons W1 th the 

belt material. Work is continuing in an effort to trace the source. of this 

activity. 

· We ·are indebted to E ~ Hubbard and the many physicists and engineers . 

of both Berkeley and Yale· whose excellent design work have made :the successful 
. . . 

operation of the H!LAC poselble. The cooperation and hard work of the crew of 

the HILI\.C is gratefully acknowledged. 

The enSineering of the various pieces of target· equipnent was perform~d 
very ingeniously by C~ Corum and we owe much of :the success of our new methods 

to his excell.e·nt painstaking work. To A.. E. Larsh and D. F. Mosier we extend 
.~ . -

our thanks· for working out the details of the new mu1t1plex pulse analyzer · 

system which was the heart of our detecting system. 

we would like to thank R. Garrett, c. Rossi, and J. Mahoney for their 

chee.rful and tireless assistance in carrying out many of the operations which 

have.provided the necessary·background for the experiments which have been 

described. The ·early phases of this work were carried out with the helpM 

collaboration of G. R. Choppin1 . s .. G. Thompson, T. Parsons., G. Gordon, L.· 

Phillips 1 and R. Gatti. 

We l-rould like to express our appreciation to Professor c. M. Vl:l!:LL\tta 

and Professor E. 0. Lawrence for their. continuing iiiterest and encouragenient 

in this'· :research. 
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FIGURE CAPriOIJS 

Fig. l. Schematic diagram of conveyer belt experiment. 

Fig. 2. 
254 Determination of half -life of 102 • Data from combined results of 

many experiments. 

Fig. 3. Ion exchange elution curve of the Fm25° daughter of 102254 • The ~, 
253 252 Y, E , and Cf · a.cti Vi ties (scale on left) were fncorporated as 

tracers for calibration purposes. 
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