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Summary

Studies of the extraction of element 105 into diisobutylcarbinol
(DIBC) from aqueous HBr and HCl solutions were performed
on 2°2Ha and 2°°Ha produced in the 2*°Bk(‘®0,5n) and
249BK('80,4n) reactions at a beam energy of 99 MeV. The Ha
isotopes were detected by measuring the fission and & activities
associated with their decay and the a-decays of their daughters,
4-5 258Lr and 6-s 2°°Lr. Complete extraction-elution cycles were
performed on a one-minute time scale by the computer-con-
trolled liquid chromatography apparatus, ARCA II, using re-
versed-phase micro-chromatographic columns incorporating
DIBC on aninert support. Stimulated by the previously observed
similarity of the aqueous-phase chemistry of element 105 to that
of niobium and protactinium, the extraction, from concentrated
HBr, was followed by the elution of a Nb fraction in 6 M HCl/
0.0002 M HF, and a Pa fraction in 0.5 M HCI. The number of
262.263H4 decays observed in the Nb fraction indicated that less
than 45% of the Ha was extracted into DIBC from concentrated
HBr. This was confirmed in a series of experiments in which,
after the extraction, the DIBC along with all extracted species
was stripped from the columns with acetone. It is concluded
that, in the present chemical system, the extraction behaviour
of element 105 is closer to that of niobium than to that of
protactinium. The decreasing extractability from HBr
(Pa>Nb>Ha) is likely to be due to an increasing tendency of
these elements to form non-extractable polynegative complex
species in concentrated HBr in the sequence Pa <Nb<Ha.

1. Introduction

The recently performed first studies of the aqueous
chemistry of element 105 have provided both expected
results and surprises [1, 2]. The sorption of Ha on glass
surfaces after fuming twice with concentrated nitric
acid was compared with tracers of the group IV el-
ements Zr and Hf and the group V elements Nb and
Ta produced under similar conditions [1]. Even after

washing with 1.5 M HNO,, Ha was found to adhere
to the glass, a property characteristic of the group V
elements. Zr and Hf, as well as the trivalent actinides,
did not sorb on the glass. These experiments confirmed
the expected group V character of Ha, as indicated
earlier by gas-phase experiments [3, 4]. Investigations
on the extraction of Ha into methylisobutyl ketone
(MIBK) under conditions in which the lighter
homolog Ta extracts, but the next lighter homolog Nb
does not, were also conducted [1]. It was expected
that Ha would behave more like Ta than Nb but,
surprisingly, Ha did not extract from mixed nitric
acid/hydrofluoric acid solutions although Ta did. A
possible explanation is the formation of polynegative
anions such as [HaF,)? . The higher charge prevents
extraction, even into solvents with relatively high
dielectric constants, such as MIBK.

Polynegative species are easily extracted by anion
exchange into high molecular weight ammonium salts.
Therefore, we have performed a large number of auto-
mated anion exchange chromatographic separations
using triisooctyl amine (TIOA) on an inert support to
compare the halide complexation of Ha in detail with
the lighter group V elements Nb and Ta, and the
pseudo-group V element Pa [2]. Complete extraction-
elution cycles were performed on a one-minute time
scale with Ha, Nb, Ta, and Pa produced under similar
conditions. It was found [2] that Ha sorbs on the
columns from either 12 M HCl/0.02 M HF or 10 M
HCl like its homologs Nb, Ta, and Pa. In elutions with
4 M HCI/0.02 M HF (Pa-Nb fraction), and with 6 M
HNO,/0.015 M HF (Ta fraction), the Ha activity was
found in the Pa-Nb fraction showing that the anionic
halide complexes of Ha are different from those of Ta,
and are more like those of Nb and Pa, indicating a
reversal in the trend in going from Nb to Ta to Ha. In
another series of experiments, after the activities were
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sorbed on the TIOA from 10 M HCI, elutions were
performed with 10 M HC1/0.025 M HF (Pa fraction)
and 6 M HNO;/0.015 M HF (stripping of the Nb).
The Ha activity was divided almost equally between
these two fractions, showing again a behaviour very
different from Ta, and close to Nb and Pa [2]. It
was suggested [2], that the non-tantalum like halide
complexation of Ha is indicative of the formation
of oxohalide or hydroxohalide complexes, like
[NbOCl,]™ and [PaOCl,]~ or [Pa(OH),Cl4] ", in con-
trast to the pure halide complexes of Ta, like [TaClg] ~.

The close similarity of the chemical behaviour of
element 105 to that of Pa and Nb has motivated us to
conduct additional experiments in which diisobutyl-
carbinol (DIBC), a secondary alcohol, was used as the
extractant. This extractant has been shown repeatedly
to be very selective for Pa [5, 6, 7], and well suited to
perform Pa-Nb separations [6, 7]. In this paper, we
report on the development of reversed-phase chroma-
tographic separations of Pa and Nb in the system HBr,
HCI/DIBC, and on the application of this scheme to
further assess the halide-complexation and extraction
behaviour of Ha.

2. Distribution of Nb, Ta, and Pa between HCI
and HBr solutions and DIBC

2.1. Batch extraction experiments

In order to investigate the extraction of group 4 and
5 elements with DIBC we have performed batch ex-
tractions with pure and mixed hydrohalogenic acids.
The acids were HF, HCI, HBr, HI, and mixtures of
HCI with HF. The extractant, 2,6-dimethyl-4-hepta-
nol, also called diisobutylcarbinol, DIBC (99%, Alfa
Products), was assayed by IR-spectroscopy to confirm
the absence of diisobutyl ketone, and used without
further purification. The secondary alcohol was
sorbed on sieved Voltalef® 300 LD-CHR (polytri-
fluoromonochloroethylene, Lehmann and Voss,
Hamburg) with a particle size of 125—250 pm. The
weight ratio of alcohol to support was 1:3. The
Voltalef® powder was mixed with a solution of DIBC
in cyclohexane, which was subsequently evaporated in
a stream of nitrogen. To prevent losses or oxidation
of the carbinol, the powder was not heated during the
evaporation of the cyclohexane.

The tracers used in the batch experiments were
95Zr, °5Nb, 233Pa, 16°Tb, and '82Ta. !529Eu was used
in the HPLC column separations. Carrier-free °Zr
was isolated from fission products obtained by slow
neutron irradiation of 23°U. ?3Nb is formed via -
decay of %3Zr. 233Pa was prepared as the f-decay
product of 2*3Th from neutron irradiated thorium.
160Th and !82Ta were produced by neutron-activation
of terbium and tantalum. All irradiations were
performed at the TRIGA reactor, Mainz. Carrier-free
1529y was obtained commercially (Amersham
Buchler, Braunschweig). Before each batch extraction
experiment, aliquots of the tracer stock solutions were

100 @

50

EXTRACTION [%]

0

Ly I R P 3

4 6 8 10
clHCL) [mal /1)

c(HBr) [mol/1)

Fig. 1. Percentage of carrier-free Zr, Nb, and Pa extracted into
DIBC a) from HCI solutions, and b) from HBr solutions.

evaporated to dryness and dissolved in the appropriate
mineral acid solution.

Batches of 0.5 g of the powder and 2 ml of a min-
eral acid solution of given molarity containing radio-
active tracers of Zr, Nb, Pa, and sometimes Ta and
Tb, were contacted in polyethylene flasks by shaking
for 5 minutes. The phases were separated by
centrifuging. Aliquots of the aqueous phase were
assayed by y-ray spectroscopy to determine the reten-
tion of the tracers in the aqueous phase.

It was the aim of these experiments to find con-
ditions under which niobium and protactinium are
extracted into the carbinol simultaneously, while the
interfering group 4 elements are not. In the procedures
described in literature [7, 8, 9] the main focus was
directed to the separation of protactinium from
niobium and other interferring activities. Fig. 1 shows
the extraction of Zr, Nb and Pa into DIBC from HCI
and HBr solutions. Pure HF is not suitable for this
purpose, because of poor extraction yields (10—20%)
and the fact that there is no separation between Zr
and Nb/Pa. The extraction of niobium from HCI
reaches its maximum at 72% extraction in 8—9 M
HCI and drops again at higher concentrations. The
insufficient extraction of Nb in this system at high HCI
concentrations is likely to be due to the formation of
polynegative anions such as [NbOCIs)?~. The dielec-
tric constant of DIBC is not large enough to accommo-
date polynegative species. To prevent the formation of
non-extractable polynegative species, we selected the
weaker-complexing bromide ions as ligands. In conc.
HBr, the required simultaneous extraction of Pa and
Nb into DIBC is better fulfilled, see Fig. 1b. To see
whether this trend continues to improve upon going
to iodide ligands, we also performed a few experiments
with HI, but because of its partial oxidation to iodine,
which is extracted preferably [6], the extraction of Pa
and Nb was adversely affected, and the system HI/
DIBC was considered impracticable.

Since in former experiments [2] hahnium showed
non tantalum-like behaviour, we performed only a few
batch experiments with Ta. It could be shown, that in
pure HCl, Ta behaves similar to Nb, but the data
should perhaps not be compared directly, because Ta
and Tb (the latter serving as a model for the trivalent
actinides) could not be obtained carrier-free and were
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therefore added in multi-pg-quantities. Qualitatively,
one observes extraction of Ta above 2 M HCl followed
by a peak and a decreasing extraction yield for the
highest HCI concentrations. For Ta, the maximum
extraction occurs at 5—6 M HCIl as compared to
8—9 M HCI for Nb, and the decrease tends to be
steeper than in the case of Nb. Both observations are
likely to be connected to the even stronger tendency
of Ta to form polynegative complex ions as compared
to Nb. A poor extraction yield for Ta in DIBC has
also been described previously [9].

Taking all these results into account, and keeping
in mind that all previous experiments have shown
that element 105 does not behave like Ta, the most
promising approach to further studies of the chemical
properties of hahnium seemed to be the simultaneous
extraction of Ha together with Nb and Pa from con-
centrated HBr solution.

The next step was to find conditions to separate
Pa and Nb from each other. Methods described in the
literature [10, 11] give excellent separations, but are
not suitable for our purposes, because solutions con-
taining 6 M H,SO, are employed, leading to problems
in the fast preparation of weightless samples for a-
spectroscopy by evaporation. From the results shown
in Fig. 1, one could draw the conclusion that a good
separation is achieved by the elution of Nb with 12 M
HCI. In the HPLC experiments, however, the still high
extraction of Nb (50%) resulted in a delayed elution
time and a broad elution peak, making this method
unsuitable for a fast separation.

The addition of a small amount of HF to the
DIBC/HCI system should greatly increase the extrac-
tion of Nb and decrease that of Pa [9]. So we searched
for conditions which elute Pa while retaining Nb on
the column. The HF concentrations used to strip pro-
tactinium were varied from 0.1 M to 3 M HF in 6 M
HCIl [7, 8, 9]. We also varied the HF concentration in
a wider range with the HCI concentration at 6 M and
9 M. The dependence of the extraction behaviour on
the HF concentration is depicted in Fig. 2. In 9M
HCI, Nb behaves similar to Pa with significant differ-
ences only at higher HF concentrations, which are
however not sufficient for an efficient separation. A
separation is possible in 6 M HCl containing only very
small amounts of HF. Under these conditions, Pa
is retained in the organic phase while there is little
extraction of Nb. Below 0.001 M HF, the extraction
of Nb is lowered to 30%, while Pa is still extracted
quantitatively. We chose 6 M HCl containing
0.0002 M HF for the elution of Nb, while the final
stripping of the Pa was done with 0.5 M HCI.

2.2. HPLC column separations

The conditions for the extraction of Nb and Pa into
DIBC and possibilities for their specific elution were
tested further in manually performed HPLC separa-
tions. The stationary phase was Voltalef® powder
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Fig. 2. Percentage of carrier-free Nb and Pa extracted into DIBC

from a) 6 M HCI/HF and b) 9 M HCI/HF as a function of the
HF concentration. Zr is not extracted under these conditions.

(32—63 um) as inert support coated with DIBC
(weight ratio 1:3). It was packed under pressure from
a slurry in water into Teflon columns of 2 mm i.d. and
variable height. The whole system, including the pump
(LATEK, Heidelberg), consisted of chemically inert
materials like Teflon, Kel-F, and sapphire to prevent
corrosion. Furthermore, any contact of the tracer ac-
tivities to glass surfaces would lead to yield losses
due to adsorption. Radioactive tracers dissolved in
concentrated HBr were introduced through a sample
loop.

The preparation of the tracer activities for these
micro-chromatographic separations was found to be
crucial. The presence of chloride ion decreased the
extraction of Nb from conc. HBr. Likewise, traces of
fluoride ion lead to losses of Pa. The presence of any
other complexing agent, such as a-hydroxyisobutyrate
used to stabilize lanthanide tracers, also leads to mas-
sive perturbations, so that an extensive cleaning of the
tracers was necessary. HF was destroyed by adding
boric acid solution, followed by fuming several times
with concentrated HBr in a Teflon crucible. The resi-
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Fig. 3. Separation of Eu, Zr, Nb, and Pa tracers applied from a

sample loop to a 1.6 x 23 mm DIBC/Voltalef® column on ARCA

II. The flow rate for feeding the activities onto the column

in conc. HBr was 0.5 ml/min, the elutions were conducted at
1 ml/min.

due was dissolved in concentrated HBr and used for
the separations.

In addition to the radionuclides used in the batch
experiments, !32Eu was used as an example for tri-
valent ions like the heavy actinides. It was found to
elute with Zr in the feeding solution as suggested by
Fig. 1b. Pa and Nb were sorbed on the column from
conc. HBr. Nb was subsequently eluted in 6 M HCI/
0.0002 M HF, and then Pa in 0.5 M HCI. Unfortu-
nately, it was found that the extraction of Nb into
DIBC was not quantitative even when using column
heights of 20 mm. In contrast, the extraction of Pa
was always quantitative. The losses of Nb could not
be avoided by using HBr solutions where the HBr
concentration had been increased by further satu-
ration with HBr gas.

2.3. Automated separation with ARCA I1I

The Automatic Rapid Chemistry Apparatus, ARCA II
[12], consisted of three chemically inert HPLC pumps,
each pumping one eluent, one conc. HBr, one 6 M
HC1/0.0002 M HF, and the third 0.5 M HCI, through
Teflon tubing of 0.3 mm i.d. to the central Teflon
unit containing various Kel-F sliders and two movable
magazines containing twenty chromatographic
columns (1.6 x 23 mm) each. Due to the results of the
manually performed HPLC separations the column
heights, formerly 8 mm [2, 12], had been increased to
23 mm in order to avoid unacceptable losses of Nb
in the feeding procedure. The stationary phase was
DIBC/Voltalef® (32 — 63 pm), weight ratio 1:3. Tracer
activities were fed onto the columns in conc. HBr from
asample loop at a flow rate of 0.5 ml/min. The elutions
were performed at 1 ml/min. A typical extraction-elu-
tion cycle is shown in Fig. 3: In the feeding solution
after a delay caused by the dead volume of the sample
loop, Eu and Zr run through the column and are
pumped into the waste. Also, some Nb is lost at this
point due to insufficient extraction into DIBC. Typical
losses were of the order of 15%, but losses up to
36% were also observed. The extraction of Pa was
quantitative. Upon a change of the aqueous phase to

6 M HCI/0.0002 M HF, Nb is eluted in a relatively
broad peak, which is followed by the sharply peaked
elution of Pa in 0.5 M HCL

In the Ha experiments, the sample loop was
omitted and the feeding time was shortened to 15 s, as
compared to the 20 s indicated in Fig. 3. A He-gas jet
loaded with KBr aerosols (in one case KCl) deposited
the transported reaction products continuously onto
one of two alternating polyethylene frits of 35 um pore
size (for details see [12]). After a one minute collection,
the first frit was moved to the top of one of the
columns, and washed with concentrated HBr. In this
way the reaction products were dissolved, complexed,
and extracted into DIBC (in case of Nb and Pa), while
the nonextractable species ran through into the waste
(~15 s). Then the column was washed with 6 M HCIl/
0.0002 M HF for about 17 seconds and the effluent
(Nb fraction) was collected on a Ta disk and quickly
evaporated to dryness by intense infrared light and
hot He gas. Next, the Pa fraction was eluted in ten
seconds with 0.5 M HCI, collected on a Ta disc, and
evaporated to dryness. The Ta discs were flamed,
cooled to room temperature and inserted into the
counting chamber within about 55 s after the end of
collection. Five seconds later the next one minute col-
lection of activity on the twin frit was completed. That
frit was moved on top of another column contained
in the opposite magazine and the next separation cycle
was carried out. After each separation, the magazines
were moved by one step, thus positioning a new
column for the elution. In this way the time consuming
reconditioning of used columns was avoided as well
as any cross contamination. After 40 minutes of con-
tinuous collection and separation cycles the program
was stopped, the used magazines were removed, two
new magazines were inserted, and another 40 cycles
were started. Typically 300 experiments were carried
out in one shift of beam time (8 hours). The time
sequences were optimized in test runs with carrier-free
radioactive tracers of Eu, Zr, Nb, and Pa. Also, on-
line tests of the performance of ARCA II were conduc-
ted with short-lived fission products at the TRIGA
reactor, Mainz.

3. Production, transport, and detection of 2%-}$3Ha
3.1. Production and transport

The nuclides 34-s 2°2Ha and 27-s 2%°Ha were
produced at the LBL 88-inch Cyclotron by the
249Bk(*®0,5n) and the *4°Bk('®0,4n) reactions. A
118-MeV 805" beam was passed through a 2.75 mg/
cm? Be window, 0.38 mg/cm? of N, cooling gas, and
the 2.49 mg/cm? Be target backing before passing
through the 2#°Bk target material. The Be window
was later replaced by a 1.8 mg/cm? HAVAR window
and the beam energy was lowered to 114 MeV. In both
cases the energy of the projectiles in the target was
98 —99 MeV. The target originally consisted of
542 pg/cm? of freshly purified 2*°Bk deposited on the
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Be backing by molecular plating and converted to the
oxide in a furnace at 550°C. During the experiments
the target composition varied between 537 pg/cm? and
516 pg/cm? of 330-d 24°Bk due to its decay, with the
remainder of the total thickness being its 24°Cf
daughter. The beam currents varied between 0.4 and
0.5 particle microamperes. Under these conditions, the
production rate was sufficient to produce an average
of 0.5 alpha-decays due to 262-263Ha after each one-
minute irradiation. The production cross sections for
the nuclides 262Ha and 26*Ha via the 5n and 4n reac-
tion channels at a bombarding energy of 99 MeV are
6+3 nb and 2+1 nb [15], the sum of both being com-
patible to 8.3 +2.4 nb, determined in previous exper-
iments without differentiating between the two iso-
topes [2].

Because tests at the TRIGA reactor Mainz had
indicated that the chloride ion concentration from the
He/KCl jet might adversely affect the extraction of
Nb, a He/KBr jet was used in the 105 experiments
(with one exception). The reaction products recoiling
out of the target were stopped in He gas at 1.2 bar
which had been loaded with KBr aerosols produced
by sublimation from the surface of KBr powder at
~640°C. The activity, attached to the aerosols,
was swept out of the recoil chamber with the gas (~2 1/
min) into a polyvinyl chloride capillary (1.34 mm i.d.)
and transported S m to the collection site in ARCA
I1. There the gas was withdrawn by applying vacuum
to the backside of a polyethylene frit on which the
activity-bearing aerosols were collected. After the end
of the collection time, the frit was shuttled into po-
sition for chemical processing of the activity, as de-
scribed in Section 2.

The He/KBr-jet efficiency was measured fre-
quently during the experiments. This was done by
dissolving the activity in conc. HBr and eluting it
through an empty column directly onto a Ta disc.
After evaporation to dryness and flaming, the pro-
duction rate of the 2527 255Fm transfer products was
determined by a pulse-height analysis. Three times
during the four weeks of Ha experiments, separate
bombardments of the Bk target were performed in
which all of the products recoiling from the target were
caught in a gold catcher foil located directly behind
the target. After one hour of irradiation, the foil was
dissolved in aqua regia to which 24'Am had been
added to trace the chemical yield of actinides. The
gold was removed on an anion-exchange column. The
actinide fraction, which passed through the column,
was collected and dried on a Pt disc for alpha spec-
troscopy. By comparing the apparent production rates
measured after transport through the He/KBr jet with
the absolute production rates measured in the gold
catcher experiments, the jet efficiency was determined.
The jet transport efficiency was found to vary typically
between 30 and 60% during the production runs. The
gas-jet yields are usually based on the measurement of
50 to 100 counts, so they are only accurate to 10 or
20%.

3.2 Detection of « and SF activities

Alpha-particle and spontaneous fission (SF) fragment
pulse height analyses were performed on each sample
for 360 s using a system of ten 300 mm? passivated
ion implanted planar silicon detectors (PIPS,
Canberra). The energy of each event was stored in list
mode on magnetic tape along with the time after start
of counting and the detector identification. Start of
counting was =55 s after the end of collection.

The efficiency for the detection of a particles was
35%, implying 70% efficiency for the detection of a
fragment from SF decay. >¢>Ha decays predominantly
by a emission [15], I,=67%, Isg=33%. In the decay
of 263Ha, spontaneous fission is predominating [15],
1,=43%, Isz=57%. The o decay of 34-s 252Ha
(E,=8.45—8.67 MeV), is followed by the a decay of
its daughter, 3.9-s 258Lr (E,=8.57—8.65 MeV) [16].
Similarly, the « decay of 27-s 2*Ha (E,=8.36 MeV)
is followed by the decay of 2*°Lr (E,=8.45 MeV, Iig =
23%) [16]. The efficiency for detecting the parent
(35%) and missing the daughter (65%)is 0.35 x 0.65 =
0.23. Likewise, for missing the parent and detecting
the daughter it is 0.65 x 0.35=0.23. The efficiency for
detecting both « particles is 0.35x0.35=0.12. If the
detection of both parent and daughter a particles is
treated as the decay of two atoms, the overall efficiency
for detecting the o decay of 262Ha and 2%*Ha (and
that of their daughters, 2°%Lr and 2°°Lr) is
2x0.23+2x0.12=0.7. The energy resolution for «
energies between 5 MeV and 10 MeV was 30 keV at
the beginning of the experiments, and increased to
about twice that value towards the end. The region of
interest in the « particle spectra is between E,=8.3—
8.75 MeV. One can distinguish between several groups
of a-events:

8.300 MeV < E, < 8.400 MeV = 2°°Ha
8.400 MeV < E, < 8.530 MeV = 262Ha/?*°Lr
8.530 MeV < E, < 8.675 MeV = 262Ha/?%8Lr
8.675 MeV < E, < 8.735 MeV = 2%%Lr.

It is not possible to distinguish between singles of
262H4a and 23825°Ly, because the difference between
the o energies is of the same order of magnitude as the
o energy resolution.

4. Results

Four different series of experiments were performed
which totaled a number of 1019 irradiation, separation
and counting cycles.

The most ambitious scheme was as follows: After
extraction into DIBC from conc. HBr (15 s) followed
by an elution of the column with 6 M HC1/0.0002 M
HF for 7s into the waste in order to improve the
decontamination from the actinides, a Nb fraction was
eluted in 6 M HCI1/0.0002 M HF (12 s), followed by
stripping of Pa in 0.5M HCI (9s; Run A). In 100
experiments only 1 « event and 4 spontaneous fission
(SF) events attributable to 262:263Ha were recorded in
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Table 1. Summary of the various DIBC runs performed on hahnium isotopes produced in the 24°Bk(*20,5n) and 24°Bk('%0,4n)
reactions at 99 MeV bombarding energy

Designation Jet # of expts. # of o’s # of SF’s o [nb]

Run A—Nb KBr 99 1 4 3.3+23
Run A—Pa KBr 100 0 1 0.7+1.1
Acetone strips KBr 320 7 1 3.7+241
“early Nb” KCl 127 2 1 21+17
“early Nb” KBr 263 4 2 1.8+1.2
Pa KBr 110 0 1 0.810.8
X without Pa 809 14 14 27+138
z 1019 14 16 23+1.6

the Nb fraction and 1 SF event in the Pa fraction.
Despite the low statistical significance it was felt that,
compared to the production rates expected from the
known cross section for the production of isotopes of
hahnium at this bombarding energy, 8.3+2.4 nb [2],
the observed rate was too low by at least a factor of
two.

In order to check whether the extraction conditions
were adequate, “acetone strips” were performed in
analogy to those previously performed in our TIOA
experiments [2]. After extraction of the activities into
the DIBC from conc. HBr (18 s), the DIBC (along
with all extracted activities) was stripped from the
inert support by dissolving it in acetone (12 s). The
acetone strip fraction was evaporated to dryness and
assayed for a particle and SF decay starting 45 s after
the end of the collection cycle. In 320 experiments, 7 o
events and 7 SF events attributable to the decay of
262:263Ha were detected, yielding in an apparent sum
cross section for 262Ha+2%3Ha of 3.74+2.1 nb to be
compared with the 8.3 +2.4 nb determined previously
[2]. Thus, the acetone strips confirmed the earlier sus-
picion that the extraction yield of element 105 into
DIBC from conc. HBr was incomplete, in qualitative
agreement with the behaviour of Nb, but different
from that of Pa.

In a third series of experiments comprising 390
separation cycles, a Nb fraction was stripped from the
DIBC columns for 15 s, starting immediately after the
end of the feeding in conc. HBr (18 s), thus omitting
the intermittent washing for 7 s as in run A. The cycle
time was again 45 s. In these “early Nb fractions”, 6 «
and 3 SF events attributable to the decay of 262:263Ha
were registered, corresponding to an apparent cross
section of 1.9 +1.2 nb. About one third of these exper-
iments were run with a He/KCl jet rather than He/
K Br, giving raise to unfavourably high concentrations
of chloride ions, which lead to low extraction yields
for niobium under the given conditions, as it is known
from the test experiments at the Mainz TRIGA reac-
tor. However, for Hahnium no significant difference
in the extraction yield was observed.

Finally, the distribution of the extracted 262263Ha
species among the Nb and Pa fractions was investi-
gated further by elution of a Pa fraction in 0.5 M HCI
from the DIBC columns after loading them from conc.
HBr. In 110 experiments only one SF decay was regis-
tered, corresponding to an apparent cross section of
0.81+0.8 nb.

A summary of the various experiments using DIBC
as extractant is given in Table 1. Within the error
limits, the apparent cross sections for 26?Ha+2%°Ha
in the acetone strips and the Nb fractions are consist-
ent with each other. The same is true for the very low
apparent cross sections for the Pa fractions in Run A
and in the final series of experiments.

5. Discussion

The recorded 14 « events and 16 (14) SF events have
o particle energies and/or decay times, that are com-
patible with the known decay characteristics of 34-s
26214 [1, 2, 13], and 27-s 2%3Ha [15], as compiled in
Table 2. For the detector geometry of 35% of 4=, we
should observe, among these 14 events, 2.3 pairs of
correlated mother-daughter « decays. None were ob-
served, which is not at variance with expectations
based on statistical fluctuations in small numbers
(10% probability from a poisson distribution).

The apparent cross sections for the 262263Ha event
rates in the Nb fractions and in the acetone strips
(see Table 1) are definitely lower than the previously
determined production cross section of 8.3+2.4 nb
[2]), which covers the production of both isotopes,
262Ha and 253Ha. We interpret this in terms of a
low extraction yield of element 105 into DIBC from
concentrated HBr solution on the order of 30% to
40% only. This is even lower than the extraction yields
of Nb which were typically between 64% and 85%.

- Thus, the present data and the tracer studies point to

an increasing extraction yield in the sequence
105 <Nb<Pa. The distribution of 262:263Ha events
between the Nb and Pa fractions, Table 1, tends to
corroborate that conclusion.



Chemical Properties of Element 105 in Aqueous Solution: Extractions into Diisobutylcarbinol 83

Table 2. Alpha events between 8.3 and 8.73 MeV in the experiments using DIBC as an extractant. For the assignment of events to
the decay of 262Ha and 25%25°L, see also Section 3.2

Designation Detector Energy Lifetime Assignment
[MeV] [s]
Run A—Nb 7 8.713 69.48 2581 r
Acetone strips 3 8.50° short® 262Haq/25%Lr
7 8.48¢ short® 262Ha/25%Lr
9 8.512 1.35 2624q /259y
4 8.572 6.55 262Ha/258Lr
10 8.432 323 2624a/25%Lr
3 8.451 6.55 262Ha/25%Lr
5 8.543 0.05 2621q/258Lr
“early Nb”, KBr-Jet 7 8.340 4.15 263Hga
7 8.455 144,95 262Ha/2%°Lr
6 8.620 209.15 262Hq/258Lr
4 8.489 3592 262H4a/25°Lr
“early Nb”, KCl-Jet 6 8.684 135.50 2581y
4 8.353 195.43 26314,

¢ The exact energies and lifetimes of these two events were lost due to a failure of the data acquisition system.

The extraction into DIBC is restricted to neutral
or singly charged metal complexes [14], while
polynegative species like [TaBr;)2~ or [NbOBrs}]*~
cannot be extracted. The present results indicate that
the tendency of element 105 to form polynegative
complexes at high halide concentration is stronger
than for Nb and much stronger than for Pa. From the
present study, it is not clear whether this is a true shift
in the equilibrium constant for the equilibrium

[MeOBr,]~ + Br~ = [MeOBrs]?~,

or a shift towards slower kinetics of complex forma-
tion in the case of hahnium as compared to Nb and
Pa.

In summary, we have performed a series of re-
versed-phase chromatographic separations of element
105 in the system DIBC/HBr, HCl. The extraction
yield of bromide complexes of element 105 from con-
centrated HBr solutions into DIBC was typically
around 40% only. In back extractions with 6 M HCl/
0.0002 M HF, clement 105 was found in the Nb
fractions. The data suggest that in concentrated halide
solutions, the strength of polynegative metal
complexes decreases in the order Ha > Nb > Pa.
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