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Will the End of the. Aetlnide Sel'ie.$ be Reache4? 

B. Q. Harvey 
, Jtad.lation Laboratory 

University of Califo7nt.a, }lerkeley. California 

April l9. 19$5 
.. ., 

The tu~e Of the high ne~~ron (lux in the Materials Te8:t1n1 ~eaetor 
" i '. 

at Arco, Wabo, ba' 'l:ed · to the production of .readily obs~J"va.,ble 

amounts of element:s ' ' and 10-Q. Reca::atly i~ has );)een reported from 

the 1\adiation Laboratory. ol the Unt.veJtt~ity of Calltr,raia at Berkeley 

that the:heavlest-to ... date ·~l~eht UU, named Menelelev~tQ'¥1 in bonor 
1 ·' 

of the greAt ·19th century Russian ebemlst, was rna.de by bombarding 

element 99 witb helium nuclei from the. Cro~ker ,Labo;t"&tory bO -inch 
' .. 

cyclotron. 

Accord~~ to Seabo:rg1s origl~l p~e.dietion, made in.1944, the 
. ' 

actinide serles will be e.ompleted at element 101. The next one, 104. 

wUl have chemical properties analogous to zirconium and hafnium, 

a eharp 'break from the rare•earth like pr•ceding elotJ¥~nt8. 
t ' 

By repeated c:aptuzes of neutrons in a reactor, it is possibl• 

to increase the mass of a nu.cleu• \UltU it spontaneously jJ- d6caya · 

to the next bilJhest element. The l;lrocesa is· then repeated, leading 

to reaction seq\\eneea such a• tbe following: 

Z39 . ~41 ~- Z4l. Z4t! ! . · 24Z 
· Pu + Zn- Pu. decay .. Am +ln .. Am · <Jecay> Cm 

., 
24i . . 249 A• · 1'4'# . . 250 R.. Z50 

Czn + 7n - Crn a;t: .., Bk . + ln - Bk a r: · . ··,. C.t ecay . . . · ~cay 

Z50 ~53 A- . uu &54 ... 254 
Cf + 3n- Cl ··. ~~ • 9~ +ln .. 99 4 t" • lQO . • decay · :eea.y 



lt is by c:htdns lik• thts t~t. Ber~aiey and the Argonne National 

Lahora:toricU:t prochtce element~'' anti. 100 in the Areo. Reactor. 

In prin~iple it ie possible to <:()ntinu~ thi.s proee•s of bW.lding•up 

~nUl an i~oto:pe cf element 100 is l'ea.cbed which, ~ • decay.s to 101. 

Howevet, :recent wo.rk at Al'¢:0, by the Berkeley grou:p shows that 

a n~w difficulty cl."eepa i,n.. 

. i l56 . . . . . . ..._ .. - 1 
The sotope 100 · - was found to have a ~ery su.urt half • ife~ 

. only about l bou.rs, and ~o 4ecay by thft s·pontaneo,\le £isrdon process. 

The nuel~a1.1s. ha~.fto:~ betttom~ *o -ttnsta'ble that it ${1I_Ontaneously eplits 

tnto two fougllly e.uaf \)itttit. cmd it (\oe:e_ it so rapidly that there is .. 
. . . . ,.. . 

. . . . .· . " " . . . ~· . . . . . . 257 
U.ttle cha.a<::e of ca-pturing the aext: ntnltron to make 106 · • 

Pres-ent estimates sb(Jw.that>it will almost <;ertainly be ae<:essary 

to go U'P to lOOz_s9before a. ~·ta -~cay tQ 101 will occu.r. n~ 'fblocktl 

at lOalSl> mf!kes Ws dt£fi~~~t. and it e~-e~u~s likely that-~ evel1 more 

serious tfbl~cku wUl oocttt• at looZ58, whlch will probably ha<ve an 

ev~n shorter hal!•lJie £or epontaaeeus fia,el.on t.han 19DZ16• 

Jilowey~l". o.ther methods of making new element• have been 
4 • 1 .f 

investigated at Berkeley. By ~mb~~U!dmeQ.t ot UJ."an1um (element 9Z) 

with nucl.e! of nitrogen (elem~-~Tf~~c~·lerated in the ¢y.c1ot:ron i~ 

was p()•.udble to make a few ato~li·~~ ~l~ment 99. 8~th itt Stoc:kh0lm 

-nd 8e:rk.eley• t:1ement lOG was made hy b~mbar<U~a P$inium witlt 

acc~lerated oayge• ions. m. principle; element lOZ.coul<l be n-aa_de 

by ben1barding plutonium (94)~th o~ygen (8). or _element 104 by 

bombarding <:uriu-m (96) with oxygen. 

Thes-e experiments will not .. \le easy. The amotinle ()f th4se aew 

elements .may be measu.red in ~~mao! o~y .a lew atom_s. Thet:r 



radioactive deeay will be rapid. : AU e~en•n1ass nuclei of even 

elements st«:h as 10! and 104 will probably de¢.ay very l'apldly by 

s~~aneoue !ise.on. The plutonium and c:uriu.m targets willl?e 

intensely radiGaetive and dU'fi?utt tQ han41e. Conventional 

methods of proQf f.)/. the diaeoY~i-y· o!· :new elements by solution 
. . . I . 

chemistry may have w be 'aba.~ned'as too slow •. but tne~e wtll 

remain -physiec~ll methods based both ot.1 Mtle.ar and. extra ... uuclear 

prope-rties, ami these .sholdd be per:fecUy adequate io prov~ whether 

or l'JDt eleme:nt 104 shows the anticipated s·~dden change in ~hemical · 
•• 

prope.rtie.s. 

' ·~ 
;.. 'I i 

.': ·' I~ • .-;.: ' ' ·; ,' ~· '~~· ~-;.· ~~,t. • • • 

This work "w~s. iJ~:rfo:rU)~f4f, l!l:tidel''i ·c.q.e ·auapic es ·(.tf the ~. s. Atomic 
' . .. ~- .~ 

l;nergy Commission. 
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