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California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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United States Government or any agency thereof, or the Regents of the University of
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University of California.



A CHEMICAL GROUP SEPARATION PROCEDURE FOR SUPERHEAVY ELEMENTS AND VARIOUS
'OTHER REACTION PRODUCTS FROM HEAVY ION BOMBARDED URANIUM TARGETS

J. V. kratz+, J. O. Llljen21n++ and G. T Seaborg

Lawrence Berkeley,Laboratory

and Department of Chemistry
vUniversity of California

* .Berkeley, California 94720°

INTRODUCTION

Attempts to synthesize'superheavy'elements.thrduéh_heavyfion-aéceleration.

have been started in several laboratories. Among the various techniques for an
identification of superheavy'elements. (with half-lives longer than a few seconds)

chemical separations are likely to be the most sensitive approach becausé'(i)
chemical separations can be performed quantitatively, (ii) they canvtéke,advaﬁtage'
Qggtheiincreased yields of reaction products in thick targets and (iii) thick

targets have markédly Eetfef»heat conduction-properties‘thaﬁ thin foils and can
. thus be bombarded with the méximum.particle currents available at present.

T T o C | |
'Begahse~it is an open question_which, (if any), of the superheavy elements

:will be formed in heavy-~ion reactiqné, the first'sﬁep-in a chemical search for
.these elements should inélude a separation characterized by high decontamination

' from actinides and, at the same time, by a high general sensitivity for all
superheavy_glements around element 114. Such gréupgSeparations'have'to take
», — . ’ . . N .

St

.advantage_of.éommon-features in the chemistry of these elements, where individual

differences among these elements are of little importance. -

‘,'
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Predictions concerning the chemical properties of superheavy elements

{1-4) have beenvevaluated_with respoct to these requirements (5). It appears
that complex formation,‘ preferentialiy with heavy halide ions, provides a coﬁ—
venient means to isolate the superheavy element—group from actinide elements
and the target ma;erial.' Different chromatographic separétion techniques have
been tested to separate the superheavy clement complex anions from the cationic
actinides and uraoium invdiluto HBr/Br2 acid systems (5), and it was concluded
from these studies that a”Simplo cation exchongé éeparation is the most suit-
able method. - This separation is présently used to process uranium targets

bombarded at the Berkeley SuperHILAC. In'addition to the search for superheavy

elements, the same targets are used to obtain information basic to an under-

standing of heavy-ion reactions by measuring cross sections of various other
reaction products. This is done by adding further chemical separation steps
to the eluticn of a superheavy element {raction followed by O~-particle and

Y-ray spectroscopy.

EXPERIMENTAL

_ - _ o
The cation exchange resin used is AG 50WX8 (Bio-Rad) in the hydrogen form

with a particle.éize of 230 - 400 mesh. Heavy-walled glass.tubing, 3mm i.d.,
is used for the oolumns. The columns eare fitted at the top with a'Slcm long
reservoir with a standard tapor 18/9 ball»joint. .Quartz_wool'plugs are

usod as bed suoports. ATho columns are prepafed by Siorry packing in 2 M HC1

and compacted by applying 15 lb/in2 pressure from‘a_N2 tark. To process Vv 30

mg uvanium targets, 1 ml of resin is uscd; part of the resin then extends up into

the lower part of the coluﬁn reservoir (i.d. B mm). This part of the resin is
used to absorb the large amount of taggct haferial; actuaily 1/7 of the capacity
of the colunn is.uéed by the uranium. Columns with such (stepwise) decreasiné
inner diameter are knowuoto offer oeftaig advantages~in the chromatographic
separation of sma]i quantities from bulh materials {6). After packing, the

columns are clamped into a thoermostated brass block and eluted with several bed
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volumes of 0.1 M HBr at 50°¢C. Mixtures of known amounts of tracer activities

are loaded onto‘the columnvin‘iooxyilo.l M HB:/Br2=soiutionvand'thén eluted
with HBr/Br2 and HCl'sélutions_of in¢re§singvmélarity. The mobile phase
velocities (typical 1 drop per 6 secopds) aré adjus#ed by‘applying N2 p;essure
to the tbp of the column. reservoir. The.effluent volume is controlled by an
electronic droé counter. Ffactiéns are bollé;ted in plastic cones aﬁd meas-
ured inucdnsﬁant'geometry Qith a Gé(Li) diﬁdé'usihg étanéard puise height
. analysis and, if'necessary, half;life corrections. The activities of indivi-
dual tracers ih the eluaté'fractions in percent oflthe total activities are
evaluated as a-functioh of thé effluent voluﬁe.. Tovcheck for complete elﬁtidn,
the columﬁ matérial is éiso counted for remainiﬁg activi£ies. .Thé.préliminary
'élﬁtion écheme obtained from the tracer studies waS'chééked”by proceésing
séveral'uranium targets'preGioﬁsly bombarded with 40Ar'ions. Results and the
final separation scheﬁe are discussed beléﬁ:

RESULTS

Cation Exchange Group Separatioh for Superheavy Elements

Figure 1 shows some examples for the elution of homologs of the supérheavy’
elements from a 3X20 mm AG 50WX8 column at 50°C and an elution rate of one drop

per 5 seconds. . Os, Ir, Pt, Au, Hg, T1l, Bi and Po are eluted in 4 column volumes

o : + 3+
: , , - of 0.1 _DQ.HBr/Br2 whereas U022 and Eu  are
] Os, Ir, Pt,Au, Hg,TI, Bi, Poj ) .
80 v strongly absorbed on the resin. To elute
O! M HBr/Bry ]
40} ' R ] Pb(II), 6 column volumes of 0.65 {g_HBr/Br2 are
o { _ o _ . .
< 0 S ; i necessary. It is not possible to start the
° - L 0.65 M elution immediately. . with 0.65 g_HBr/Brz.because
. 40L HBr/Brp 1 the elution of Au(III) would then be markedly
o] ST - delayed. Under the described conditions the

0 2 4 6 8 10

Column voluines elution of Os through Po is quéntitative. The

FIG. 1 o method seems to be suitable for a fast automated
Blution of homologs of the " group separation of superheavy clements; hy
SHEs from a 3%X20 win AG -50Wx8 o : . o
column. * Klution rate 1 ' using very small colunns the superheavy cloment

RS S1NY 4 SRS Cy ey



-4~ .
fractions cquld'be eluted within eluate volumes of the order of 5 drops.

Togcther-with a fast transportation system for recoil atoms from a thin target

separation times of 50 to 60-seconds are certainly achievable.

Processing of Heavy-Jon Bombarded Uranium Targets

A flow diagram describing the chemical processing .of heavy-ion bombarded
uranium targets is given'ih Fig. 2. Thick natural uranium foils (v 30 mg) are
bombarded in a water-cooled target holder. Dissqlution of the target,takes

place in a closed glass apparatus in gonc._HNO _After addition of 35 ul each

3" .
of lvg'HBr andeI‘c§r;iets,'bromine and ioding Vaéoré are d£§til;¢qvinto a ccl,
trap. After packéxtfactiqn ipto 502~water, AgBr andvégl are Qrecipitated>With
1 g.HNO3/AgN03,Ffi1tered onto a membrgne filte; Kls mmnéiqmeter) and mounted
fo; Y~ray Eounting, Chemical yields for Br and I (typicaliy 95% and 70%, -
respectively) are later determihed by activation analysis. |

The nitriciacid in the dissolvef is destroyed by fuming with conc. HBr
and evaporating to dryness three times. Volatile brohides are collected to-
géther with the distillaté‘in an empty glass trap.’ After the aaditién of 0.1
wg of As3+ carrier to the distillate, a suifidc precipitéﬁe from'this solution
is filtered onto a membrane filter; ‘The lattef isumounted uncovered,'d;ied:
énd counted_for'd-particle, spontaneous fission and Y-ray activities. Chemical
yields Qere found to be 60 - 80%tfor Ge, As, Se, Sn,-Sbvand ﬁg; These yields
are‘determined by adding kndwn amouﬁts of tracer activitiés t6 the 301ution‘

prior:to the bromide distillation.

The solid residue in the dissolver is then dissolved in 0.1 E_HBr/Br2

and transferred to the preéonditioned cation exchange column..:The.éluate
fractions are collected ip 10 ml glass beakers qnd condensed nearly to dryness.
Tﬁése solutions together with s@ccessi;e portions of HBr washing éblution are
then transferred onto 15 mm circular microscopevgove£~§lass discs and evaporated

to dryness. The glass discs are mounted for CG-particle, spontancous fission

and y-ray counting. The samples are acceptably free of residue as evidenced
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FIG. 2

Flow diagram for the chemical processing of heavy-ion bombarded uranium targets.

Elemepts identified in the chemical fractions are listed below the respective
fraction names. : ‘ -
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by good resolution in the a-particle spectra. The following eluate fractions

are eluted from the column (sec Fig. 2):

Superheavy elemeht fraction _ in 4 ml 0.1 gHBr/Br2
Lead fraction : o in 6 ml 0.65 ﬂHBr/Br2
Uranium fraction ‘ in 4 ml 2 g;HBr/Brz
Lanthanide—Actinide fraction in 9 ml 6 M HC1

Thorium fraction _ . . in 2 ml 0.5 M oxalic acid.

Superheavy element frégtion, lead fraction, and distillate are expected to con-
tain the superheavy elements. Except for the_halide fraction and the distill-
age, whefe'chemical yield‘déterminations have to be carried out, the separations
are quantitative. 1In Fié. 2 elements identified in a certain fraction are listed
below the respective fraction ﬁamés. Complications arise for a few elements,
e.g. Mo, Pb, Np, V, Zr, Nb, are distributed over two of more fractions. For
isotopes of these eiements the initéal activities from different fractions

are summed to obtain the total cross_sections.“A number of elements are not
listed in Fig. 2. Isotopes of these elements have not been detected in the
éeparations performed.to date because of unfavorable ha1f41ives, low quantum
yields or low formation ¢ross sections.

This separation schemé-has been used extensively during the past year in
the search for supérheavy élements aE LBL.. Th? f;actions relevant for the
superheavy e}ement‘éearch are ready for counting within 40 - 50 miﬁutes after
the end of bombardment; The.complete separation has been carried out by two
chemists within 150 minutes.. Tﬁrougb use of‘this se;a;ation scheme combined
with Y-ray‘spectroscopy( yields'of more tﬁan 100 isoﬁopes distributed among 49

elements have been determined in one experiment.
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