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Iﬁtfoduction

As currenﬁievidence (1,2,3) supports the originai pfediction that
element 103 is thé last member of the actinide serieS'(h), element 104
‘would be expected to fali into the group IVB elements_0f1the periodic
table, i.e.,'té be eka-hafnium. The eleﬁent is predicted ﬁo have a valence
#nd ionic'fadius similar to Zr and Hf (5,6) and to exhibit similar chemical
properties, | | |
Russian.researchers have concentrated their efforts to separate elément
104 from the.dcﬁinides on rapid gas phase techniques based on the predicted
large differences in the relative volatilities‘of‘the:chlérides (7,8).
There is, hoﬁever, some uncertainty in the assignment of the spontaneous

fission activity (T, ,, ~ 0.5 sec.) used in these experiments (8,9,10).

1/2
The recent discovery of an isotope of element 104, 261Rf (11,12), with
half-1life of ~ 70 seconds and alpha particle energies of 8.25-8.40 MeV,

has made it possible to carry out more conventional aqueous chemical .

separations using ion-exchange techniques. Previous studies with actinide

* C ;
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 elements (13,14)_éh6w that éatibn ekéhahge columns using'chelafing agents

as eluants can ?rQVide rapid chemical separations on onerétom at a time and
yield'sources suitable fér alpha enefgy ahalysis; Theléiﬁefiments described
in this work'represént a further_devglopment qf\this»ﬁethod to test fhe_
‘above predic@ibns; | |

Experimental

The aisf wag produced by irradiation of h7’micf5gréms of 2ILBCm, which
was electrodepoéifed'ovef 0.2 cmzjaiea onto a O.OOOSQEnCh'thick Be foil,
with 92-MeV 180 ions from the Berkeley Heavy Ion Linear Accelerator. Details
of the bombardment assembly, fast'sample transfer sysieﬁ and other experimeﬁtal
procedures have béén described elsewhere (1,15,16). :.fv.

Iﬁ each.chemical experiment, the rutherfordium re¢011 atoms ﬁere Washedi
from an NHhCI-ébéted, platinum catcher foil.with ~ S0 migrolitefs of ammonium
alpha hydroxyisobﬁtyrate (O.l:g, pﬁ 4.0) onto the top of a 2 mm. diaméter
by 2 cm. long, heated (~80°C) column of Dowex 50 X lé-céﬁioﬁ resin. This
solution was fpréed into the resin anq,'after addingﬂmore eluant, the washing
was continued. The first'two:drops (free cdlumh.foluﬁé)vconfained little
or no activity.énd were discarded. The next four afopsf(taken.intho drop
fraétions) wére écllected on platinum discs, evaporaﬁed to dfynesé:ahd'heated
to ~500°C tOva?ﬁ off any carbén residue. fhe disés weré placed active side
down directly ofer Si(Au) alpha particle detectors.  The'npmber;_ energy and '
time distribution of alpha particles.ﬁith energiesfbéfﬁéén 6 énd-lé MeV
emitted by the sources were recorded in aVPDP-9-compﬁt¢r, A largé’part of
the chemical system was automated so'thatvthe averagé fime from begm off to
counting was réduced tb ;'60 seéonds; Approximately'loo atoms of'261ﬁf were
produced for study in several huhdred exberiments, howevér, only about 1/10
of this number of events were observed after chemistfy due to decay, counting
geometry and chemical losses. At regular.intervals,'the platinum catcher

foils were counted directly for yield measurements.

{ .
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FIG. 1
Elution of Zr a.nd Hf tracer from a Dowex 50 x 12 cation exchange resin
column using Ammonlum Alpha Hydroxyisobutyrate
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Gamma-ray spectra taken with Ge(Li) detector before S- &Hand aft% (v):
. chemical separation and shows typical separation of £ from
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vResults and Discussion‘

Undef'éxperimentallcglumn conditions described above, over SQ%vof
ﬁracer quahtities‘of Zr and Hf wéreiwaéhéd‘through the'cation éxchange
column with the first>fewvcoluﬁn volumes of eluent as shown in Fig. 1.
In contrast, trace quantities of‘the'3+ ionsva, Cf and Cm did not elute
>iﬁ over 106 célumn volumes. One would expect Lr fé befthé firét 3+1actinidé
o be removed from the column and to eluté in ébout the same position as
Tm (13, 17). Divaleht nobeli;m, gs well as fhe alkaline earth elements, are
'retained even_mbfé strongly by the resin than the 3+-aé£inides (14). Alpha
particle anal&sis of the samé early column fractions using - trace quantities
of a nhumber of other elements in this region of the periodic téble showed
the followihg'amounts presents Bi < 3%, Ra < 1%,» Fr < 1%, Th < 1%, Np < 5%,

Pu ~ 50%;.and Pa ~ 50%. Atoms of 170Hf and.169Lu, produced by the irradiation

th ions ffom the Oak Ridge

of & 1 mg/cn target of “29Tb with 67- MeV
Isochronous Cyclotroﬁ, were Subjectéd:to the identical chemical separations

as described for‘zisf.i Fig. 2 shows y-ray Spectré taken with a'ho_cc. Ge(11)
detector both béfére'(a) and”after separation (b) and indicates typical
separation ofvthé_Hf from Lu. These data indiéated £hat on1y'about 50% of

the ~1%r pro&uced was recovered by this procedure.

v Fig. 3 shows a summary of dafalaccumulatéd over-av3'week pefiod for
261Rf. Although the actual tiﬁe of occurrence as well as thé énergy of each
alpha particle event was reéorded, the time diStribﬁtionngivén in.Fig.'3

are four sequential one-minute decay infervéls_plus.a.suﬁmatioﬁ of the.four
individual energy spectra, - Fig. 3a shows energy spectré accumulated directly
from platinum éatcher féiis from which the production rates of 261Rf and the
1ndi§ated.impurity»activities were dete:mined. Fig;v3blshow$ the energy
spectra accumulafed‘from sources after chemical separation, which contained

seventeen alpha particle events in the energy region 8.2 to 8.4 MeV.

Approximately one half of these events are probably.due to the'decay of 2571No

(Tl/2 = 2 sec., E 's = 8.22 (55%), 8.27 (26%) and 8.32 (19%) MeV), the

daughter of the separated 261Rf. In two experiments, two alpha_&eéay events

Pl _ j
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Alpha particle energy spectrum accummulated from sources‘without chemical
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FIG. 3.b

Alpha particle energy spectrum accummulated from sources after chemical
spearation. '
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~ ocecurred in thé'8,2 to 8.4 MeV region within a time ihterval of one minute,

261

most probably the first one due to & Rf'and the second'due'to the daughter

257No.

This is consistent with the number of pair events expected in the

~counting system that was used. Decontamination factors of from 100 to 1000.

- of the Rf from the impurity activities were obtaiﬁed.‘

‘The data show that, for the particular cationh exchange conditions used

in these experiments, the behavior of the activity aséigﬁed to element 104

" with mass 261 is entirely different from trivalent and divalent actinide

elements but is similar to Hf and Zr as one would predict for the next member

of the per}odié system following the actinide series of elements.
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