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A CHEMICAL GROUP SEPARATION PROCEDURE FOR SUPERHEAVY ELE!vlENTS AND 'VARIOUS . . * . 
OTHER REACTION PRODUCTS FROM-HEAVY-ION BOMBARDED URANIUMTARGETS 

J. v. Kratzt, J. 0. Liljenzintt and G. T. Seaberg. 

Lawrence Berkeley, Laboratory 
and Depar_tment 9f Chemistry 

University of California 
• .Berkeley, California 94720' 

INTRODUCTION .. 
Attempts to synthesize superheavy elements.through heavy~ion·acceleration 

have been started in several laboratories. Among the vario_us techniques for an 
0 

id-entification of supdrheavy ·elements- (with hal{-lives longer than a few seconds)" 

chemical separations are likely:to be the most sensitive approach because ·(i) . . . ' 

chemical separations can be perfo_rmed quantitatively, (ii) they can take.advantage 

. 
q~ .the.increased yields of reaction products in thick targets and.(iii) thick . . 
targets have markedly better heat conduction properties· than thin foils and can 

thus be bombarded with the maximum particle currents available at present. 
0 

Because-it is an op~n question which, (if any), of the superheavy elements 

will be formed in heavy-ion reactions, the first_ step in a chemical search for 

. these elements 'should include a separation char.acterized by high decontamination 

.from actinides and, at the same time, by a high general sensitivity for all 

superheavy ~lements around element 114. Such group-separations have to take 

·o_ advantage of .common features in the chemistry _of these elements, where individual 

differences' among these elements are of little importance. 

*work performed under the auspices of the u. S. Atomic Energy Commission. 
to~_leave from !nstitut fur Kernchemie, Universitat Mainz, with a fellowship 

from Gesellschaft fur Schwerionenfors~hung GSI, -Darmstadt, Germany. 
ttoepartment of Nuclear Chemistry, Chalr1cr·s University of Technology, Goteborg ~ 

Sweden. 
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Pre:dictions concerning the chemical properties of superheavy elements 

{1··<1) have been evaluated with respect to these requirements. (5). It appears 

that complex formation, preferentially \'lith heavy halide ions, provides a con-

venient means to isolate the superlieavy element-group from actinide elements 

and the target material. Different chromatographic separation techniques hav~ 

been ·tested to· separate the superheavy clement complex anions from the cationic 

actinides and uranium in dilute HBr/Br2 acid systems (5), and it was concluded 

from these studies that a simple cation exchange separation is the most suit-

able m2thod. ·This separation is preser.tly 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 

rea·ction products. This is done by adding further chemical separation steps 

to the elution of a superheavy element fraction followed by a.-particle and 

y-ray spectroscopy. 

EXPERI i-1ENTAL 

0 

The ca.Hon exchange resin used is l\G 50WX8 (Bio-Rad) in the hydrogen form 

with a particle size of 230 - 400 mesh. Heavy-·walled glass tubing, 3 nun i.d., 

is used for the columns. The columns c:.re fitted at the top with a ·s ern long 

reservoir with a standard taper 18/9 ball joint. Quartz wool plugs are 

used ar; bed supports. The colUmns are prepared by ·slurry packing in 2 M HCl 

and compacted by appl~ing 15 lb/in
2 p:c~:sure from a N

2 
tank. To process '\.r 30 

mg u1.·anium targets, l ml of resin is usc:d; part of the resin then extends up into 

the lower part of the column reservoir (i. d. 8 nun). This part of the resin is 

used to absorb the large amount of t.argct material; actually 1/7 of the capacity . 
of the column is used by the uranium. Columns 'VTith such (step\vise) decreasing 

inner diameter arc kno'(:m. to offer certa i t.1 advanta9CS ·in the chromatographic 

sep:n:ation of sma]l q\kcnt:it:i.C'~; from b'JH. materials (G). Jl.fter packing, the 

col mnns are cl amp'2d into o t·.h<;J:mosta~·ec! brass hJ ocl·. and ehttcd \'lith sevcruJ. bccl 

• 
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volumes of 0.1 M HBr at 50°C. Hixturcs of kn?wn amounts .0~ tracer activities 

are loaded onto the colwnn in 100 pl 0.1 !i HI3r/Br
2

, solution and then eluted 

with HBr/Br
2 

and HCl so,lutions of increasing molarity. The mobile phase 

vcloci ties (typica.l 1 drop per 6 seconds) ar~ adjusted by applying N
2 

pressure 

to the top of the column reservoir. The effluent volume is controlled by an 

electronic drop counter. Fractions are collected in plastic cones and meas-

ured in constant geometry w.:i.th a Ge(Li) diode using standard pulse height 

analysis and, if necessary, ha.lf-life corrections. The activities of indivi-

dual tracers in the eluate fractions in percent of the total activities are 

evaluated as a function of the effluent volume. To check for complete elution, 

the column material is also counted for remaining actfvi ties. .The preliminary 

elution scheme obtained from the tracer studies was checked by processing 

several uranhun targets .Previously borrJJarded v1ith 
40

Ar ions. Results and the 

final separation scheme are discussed below: 

RESUL'rS 

Cation Exchange Group Separation for Superheavy Elements 

Figure 1 shows some examples for t:he elution of homologs of the superheavy · ... 
elements frorr. a 3X20 nun AG 50HX8 column at 50°C and an elution rate of one drop 

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

80 
Os, lr, Pt ,1\u, Hg ,TI,Bi,Po 

0.1 M HBr I Br2 

40 

"0 
G> - 0 :::> 

w 80 Pb 

~ 0 

40-

0 
0 2 4 6 8 10 

Column volu1nes 

FIG. 1 

Elution of: homolo0,:. of the 
SIIEs from <.: JX20 Will l'.G SO\tJx8 
coh1:11n. J-:lu1:ion :c;1.lor• 1 

of 0.1 ~ HBr/Br2 
2+ 3+ whereas uo

2 
and Eu are 

strongly absorbed on the resin. To elute 

Pb(II), 6 colmnn volumes of 0.65 H HBr/Br
2 

are 

nec-essary. It is.not possible to start the 

elut.ion immediately with 0. 65 ~ HBr/Br 
2 

because 

the elution of Au(III) would then be markedly 

del~yed. Under the described conditions the 

elution of Os through Po is quantitative. Th<~ 

mctrw.J seems to be·· suitable for a fast automated 

group separation of supcrheavy elements; by 

usinq t.•cry t>mall columns the supcrheavy cl.~menl: 
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fractions could be eluted within eluate volumes of the order of 5 drops. 

Together .,.,ith a fast transportation system for recoil atoms from a thin target 

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

g~ocessing of Heavy-Ion· Bo.mbarded Uranium Targets 

A flow diagram describing the chemical processing of heavy-ion bombarded 

uranium targets is given in Fig. 2. Thick natural uranium foils (~ 30 mg) are 

bombarded in a water~cooled target holder. Dissolution of the target takes 

place in a closed glass apparatus in cone. HN03 • After addition of 35 lll each 

of 1 M HBr and ·HI carriers, bromine and iodine vapors are distilled into a cc14 

trap. After backcxti-action into so
2 
-wat:er, AgB:r. and A~I are precipitated \·lith 

l M HN0
3

/AgN0
3

, filtered onto a membrane filter (15 rom diameter) and mounted 

for Y-ray counting. Chemical yields for Br and I (typically 95% and 70%, 

' respectively) are later determined by activation analysis. 

The nitric acid in ·the dissolver is d_estroyed by fuming with cone. HBr 

\." 
and evaporating to dryness t.hrce times. Volatile bromides are collected to-

gether 'ilith the distillate in an empty glass trap. After the addition of 0.1 

3+ . 1 . . . . . . . 
109 of As carr1cr to t1e d1st1llate, a sulf1de prec1p1tate from th1s solut1on 

is filtered onto a membrane filter. The latter ismounted uncovered, dried, 

and counted for a-particle, spontaneous fission and y-ray activities. Chemical 

yields were found to be 60 - 80% for Ge, As, Se, Sn, Sb and Hg. These yields 

are' determined by adding known amounts of tracer activities to the solution 

prior to the bromide distillation. 

The solid residue :i.n the dissolver is then d:i.ssol ved in 0.1 !:!_ HBr/Br 2 

and transferred to the preconditioned cation exchange column. The eluate 

fractions are collected in 10 ml glass beakers and condensed nearly to d~yness. 

These solutions together with successive portions of HBr \'!a.shing solution are 

then transferred onto 15 nun circular microscope cover. glass discs and evaporated 

to dryness. 'l'he glass d.i.~;cs arc mounted for a-particle, spontaneous fission 

and y-ray c;ountinq. ';:'hu fW:npJ.N; arc ac;;eptably free of .re~iduc as evidenced 
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CCI 4 

+ Ag ,HN03 

Reduction 
and stripping 

ct·.sr·,r in 
water 

HALl DE-FRACTION 
(CI,Br,l) 

DISTILLATE · FRACTION . 
(Ge, As, Se, Sn, Sb, Te, Hg, (Po) At) 

SHE · FRACTION 
((Mol. Tc, Ru, Rh, Pd, Ag, Cd, W, Re, 
Os, lr, Pt, Au, Tl, Bi, (Po), (Np), (Zr,Nb)) 

LEAD· FRACTION 
(Na, K, Rb, (V). (Mol. In, Pb, (Np)) 

URANIUM. FRACTION 
((V), Mn, Co, Ni, Cu, Zn, Cs, U) 

LANTHANIDE· ACTINIDE FRACTION 
(Mg, Ca, Sc, Cr, Ga, Sr. Y (Zr, Nb), Ba, La, 
Lanthanides, Hf, Ra, Ac, Actinides) 

THORIUM· FRACTION 
(Th) 

XBL 746-970 

FIG. 2 

Flow diagram for the chemical processjng of heavy-ion bombarded uranium targets. 
Elements identified in the chemical fra:::tions are lfsted below the respective 
fraction names. 
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by good resolution in the a-particl~ spectra. The following eluate fractions 

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

Supcrhcavy ~lement fraction in 4 ml 0.1 ~ HBr/Br2 .. 
in 0.65 ~ HBr/Br

2 Lead fraction 6 ml 

Uranium fraction in 4 ml 2 M HBr/Br
2 

Lanthanide-Actinide fraction in 9 ml 6 M HCl 

Thorium fraction in 2 ml 0. 5 M oxalic acid. 

Superheavy element fraction, lead fraction, and distillate are expected to con-

tai.n the superheavy elements. Except for the halide fraction and the distill-

ate, where chemical yield determinations have to be carried out, the separations 

are quantitative. In Fig. 2 elements identified in a certain fraction ar~ listed 

below the respective fraction names. Complications arise for. a few elements, 

e.g. f.1o, Po, Np, V, Zr, Nb, are distributed .over t\-JO or more fractions. For 

isotopes of these elements the ini.t.ial 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 

separations performed to date because of unfavorable half-lives, low quantum 

yields or low formation cross sections. 

This separation scheme has been used extensively during the past year in 

the search for superheavy elements at LBL. '!'he fractions relevant for the 

superl1eavy element search are ready for ~ounting within 40 - 50 minutes after 

the end of bombardment. The complete separation has been carried out by t'.-JO 

chemists within 150 minutes, Throug~ use of this separation scheme combined 

with y-ray spectroscopy, yields of more than 100 isotopes distributed among 49 

elem~nt~ have bee~ determined in bne experiment. 
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