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Will the End of the Actinide Series be Reached?
: B.G. Harvey |
« Radiation Laboratory
University of California, Berkeley, Galifurnia

.. April 29, 1985

The use of the high neutron flux in the 'Mé.té,riais.‘fédting 3eac-:ari
at Arco, Idaho, hab ‘1ed " to the production af.w#&ily sbservable
amounts of elements 99 and ldé, Recently it hasf_ Seén rap@rted from
the Radiation Laﬁﬁifétc;?f' of the ﬁfmigrgity of éalﬁ@rnig aii‘..BQrkeiey
that the'heaviast;to ~date "élméht '101. r;améd Mendelevium in honor
of the great 19th century Russian chemist, was made by bombarding
element 99 with helium nuclai from the Crackar Laboratory 60 -inch
eyclotron. o _ | . ,

According tb'&éiaberg's original prediction, made in 1944, the
actinide series will be eﬁmpleéed at element 163, The néxt one, 104,
will have chemical propertics analaéoua to sirconium and hafaium,

a sharp break from the rare-earth like preceding elements.

By repeated captnre; wf ’ne-ut:rona in a rea@:’éar.' ‘it is Wésible
to increase the mass of a nucleus until it spantaneously B~ decays’
to the next highest element. The proceas is then repeated leading

te reaction saquences such as the fellewing

pu239 , 5. Lo 24 B 241, , 242 B~ _ _ 242
Pu + 2n | Pu ecavgr Am +1in- Am Tecay Cm
242 . 249 49 250 BT ..250
Cm™ " 4+ 7n-+Cm ecay Bk *In*Ek Fecay ct
280 , , 253 - C 0284
Cf™"" 4 3n - Cf \CTEYS 99 3 41n 99 May 160 .
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It is hy chains like this tha& Eerkeley and the Arganne National
4Laboratories produae eiements 99 and 100 in the Arco Reactor. |
In princaple it s possible to continue this process of buiiéing—up
until an isotope of element 100 is raachﬁd which g~ decays to 101,
However, recent wurk at Amo by the Berkeley graup shows that
a new difficulty ereeps in. T
The isotope 100} 286 was.iduéxd to have & v;tér-y short half-life,
. : only about 3 hours, and to de-ca‘y by the apontaﬁwua £iua£an process.
- The: nmlws haa mw became 0 unstable that it apmntaneously splits -
into tww xaughly equal pa.rts. and it does it so rapidiy that there is
little chance of capturing the next nemron to make 190 57
Present estimates shaw that it will almast certainiy be necessary
to go up to’ 103 259 haf@re a ’beta dcc.ay to 101 will’ occur. The “block"

286

at 100™"" makes tluu diiﬁcnlt. and it seems likely that an even more

258

serious "block“ will uccur at 100 . whif:h will pr‘abab;y have an

even shorter lzalf -life for spontancous £isaion than 1%25{" |

However, other methcds of making new elzments have been
investigated at Berkeley By bﬁm%mdm¢nt af urzmium (element 92)
with nuclei of nitmgen (element ?9 aecelerated in- t!:w tyalatroa it
was possible to make a faw ammm @i’ el.emant 99. Both in Stockholm
and B»eriwley;. elemient iﬁ@ was ‘made by bmxxbarding uranjum with
accelerated éxygéﬁ §9ns.. In primiéi@; @iém-e_nt 102 could be made
by bombarding plutonium (94)‘w:£th oxygen {8), or element 104 by
bombarding curim&: (96) with oxygen. | | |

- These expé:;imeats will no',t;“igaé ea;‘ﬁy.- ' The amoﬁnta ‘af these new

elements may be measured in térma of only a few atomg. Thelr
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radioactive decay will be ré'pid. - All even-mass nuclei of even
elements such as 102 and 104 wili' probably decay very rapidly by
S{mntilanebu?a fission. The piutonium aﬁd curium targets will be

intensely radioactive and difﬁgult to handle. Conventional

| methods of proof of the ﬂiscmrery af new elements by solution

E ehemwtry may have to be abandenedf s t@o slow, but there will

remain physic: al methods based both on nue;le‘a.r and extra-nuclear
properties, and these should be perfectly adequate to prove whether

or not element 104 shows the anticipated auﬂden c:hange in chemical
praparties. o )

‘,k" S.oA
-

’I’hw work was pmrimmad unéer the auspiees af the u.s. Momic

Encrgy Commie sian.





