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Influence of water on the deposition of osmium tetroxide on alkaline surfaces
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Model Experiments for the chemical investigation of element 112

S. Soverna’?, R. Eichler *4, H.W. Gaggeler *?, F. Haensdler 12, Z. Qin *?,
R. Dressler 2, B. Eichler ? and D. Piguet ?

YUniversity of Bern, Switzerland, “Paul Scherrer Institut, Switzerland

The systematic order of the periodic table suggests that
element 112 (E112) belongs to group 12, hence its el ectronic
ground state configuration is assumed to be Rn:6d'°7s%
Direct relativistic effects may result in a stronger binding of
the electrons in the spherical relativistic s and py, orbitals.
Due to this strong relativistic shell stabilization of the 7s
orbital Pitzer [1] suggested in 1973 that E112 could behave
as chemically inert as a noble gas. However, indirect rela-
tivistic effects imply a destabilization of the 6d electron
orbitals, leading to a possible transition metal behaviour of
element 112. In 1976 Eichler [2] predicted a noble metallic
behaviour of E112, more similar to Hg. Therefore, the pri-
mary scientific goal of the chemical investigation of E112
must be the differentiation between a noble metallic charac-
ter and a noble-gas like behaviour. The amount of the
adsorption enthalpy of E112 on ametallic surface is decisive
on whether a van der Waals interaction or a metallic bond
with the surface is observed. Hence, an advanced version of
the chemical separator VO [3] suitable for the chemical
investigation of the element 112 was developed. The set-up
was tested on-line with short-lived Hg-isotopes, produced in
nuclear fusion reactions of ’Ne and Yb (enriched in Y b)
at the PHILIPS cyclotron at Paul Scherrer Institute, and with
1%R_n emanating from an %’Ac source. The inner surface of
the newly designed recoil chamber of VO is completely
covered by a quartz insert to inhibit an adsorption of a
potentially metallic E112 on metal surfaces.

Dried 11/min He carrier gas flushes an ?’Ac source
before entering the recoil chamber. Products of the heavy
ion induced nuclear fusion reaction recoiling backwards out
of the target are thermalized in this gas. Only gaseous
products are swept out of the recoil chamber through an
open quartz column. Subsequently, they were transported to
a nearby oven with a quartz wool filter heated up to 850°C
through a connected PFA-capillary. Aerosol particles
produced in beam induced sputtering processes in the target
material and in the beam dump are stopped in this filter. The
volatile products pass this filter and a connected 10 m long
PFA-capillary to a Ta-Ti-getter heated up to 1000 °C. Trace
amounts of water are removed from the carrier gas by this
getter. Subseguently, the remaining gaseous products enter
the COLD thermochromatography. The new version of this
device consists of 32 silicon PIN-photodiodes with 10 x
9.8 mm? active area mounted in a row at a distance of 1.6
mm opposite to an Au surface and forming a rectangular gas
chromatographic column. Thus, a spectroscopy of a- or SF-
decay from atoms adsorbed on the Au surface is provided in
2-p detection geometry. A temperature gradient from 6 °C to
—183 °C is applied to the detector array (see Fig.1, dashed
lines). The whole detector set-up is placed into a steel box,
which is evacuated to 1 mbar in order to isolate it thermally
and to eliminate the moisture from the surrounding air.

Similar to mercury the formation of a metal bond with a
metallic Au surface is expected for element 112 [4].
Therefore, gold was selected as chromatographic surface.
Furthermore, its chemical inertness to oxidation provides a
clean metallic chromatographic surface. An over-all
transport efficiency of 80 % was determined for *#***Hg at
atransport time of less than 25 s. Separation factors of about
10° have been determined for lanthanides (model elements
for the heavy actinides) in experiments with **°Y'b, produced
in the reaction **Nd(**Ne, 6n). The deposition distributions
of Hg and Rn in the detector array (grey and black bars,
respectively) are shown together with results from Monte
Carlo simulations (dashed and white bars, respectively) in
Fig.1.
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Fig. 1: Thermochromatograms of ***Hg and *°Rn on Au at

acarrier gasflow of 1 1/min.

The spontaneous, diffusion controlled deposition of Hg
(DHas= -101 kJmol [5]) on Au is well reproduced by a
Monte Carlo simulation of gas chromatography. For Rn the
deposition pattern is reproduced best assuming an adsorption
enthalpy of DHys=-23 kJmol. In earlier thermochroma-
tographic experiments with Rn in ice columns an adsorption
enthalpy of -20 kJ/mol was determined [6]. The low adsorp-
tion interaction in the recent experiment indicates ice for-
mation at least on the detectors 25-32 which are at tempera-
tures below —135°C. This dew point corresponds to water
contents in the carrier gas of less than 10 ppb. About 55 %
of the Rn is deposited on the detector. Thus, the new COLD
device encloses the adsorption range from metallic to Rn-
like behaviour of element 112. Experiments to chemically
investigate element 112 applying the described set-up are
scheduled for February/March 2003 at GSI Darmstadit.
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Adsorption

of superheavy elements on metal surfaces

C. Sarpe-Tudoran’, V. Pershina”, B. Fricke', J. Anton", W.-D. Sepp and T. Jacob™
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The adsorption of radioactive superheary nuclei in a
thermochromatographic column is one possiblemethod to
detect these nuclei and to compare their volatilit y with
known elemens. The important physical quantity which
controls this processis the binding energy The theoret-
ical prediction of it is very complicated, but we presert
herea rst ab initio calculation of thesequartities for the
elemen 112 and for its homologueHg on an Au(100) sur-
face. Our main task is to calculate the di erence in the
adsorption energiesbetweenthesetwo elemens. We per-
formed the calculations of the binding energiesusing a
relativistic molecular program [1] developed in our group,
which solvesthe relativistic Khon-Sham equationsfor var-
ious density functionals. To solve them the molecular or-
bitals are taken asa linear combination of atomic orbitals
(MO-LCA O).

We employ optimized basis sets obtained from dimer
calculations with the sameprogram, which include the ad-
ditional functions 6p and 5f for Au and Hg, and 7p and
6f for elemert 112. The obtained binding energies(Ta-
blel) dier slightly from those given in [2] becausewe
employed a more extended basis set which included ad-
ditional nf functions. Theseresults can be interpreted in
terms of binding when the surfaceis approximated by only
one atom.

System || Binding energy[eV] || Distance
rLD A GGA [a.u.]

HgAu {1.03 {0.55 4.9

112Au || {0.93 {0.41 5.0

Table 1: Binding energyand bond distance (rLD A) for the
HgAu and 112Au dimers

In our calculations for the adsorption we approximate
the surface by moderate clusters (with the number of
atoms between 9 and 16). Three possible positions (top,
hollow and bridge) of the ad-atom on the cluster are con-
sidered. The distancesbetweenthe atoms of the clusters
are kept xed to their bulk values. In the caseof top and
hollow positions the C4v symmetry was used, while the
C,v symmetry was usedfor the bridge position.

Type Position || Binding || Distance [a.u.] to the
of of the energy || surface nearest
ad-atom || ad-atom [eV] neighbour
Hg top {0.60 5.0 5.0
bridge {1.15 4.3 5.1
hollow {1.04 3.5 5.2
Elemert top {0.67 5.2 5.2
112 bridge {1.08 4.5 5.3
hollow {0.99 3.8 54

Table 2: Binding energy and bond distances of Hg and
elemen 112 on the Au clusters (rLD A)

Adsorbtion of 112 on a Au surface

top position
bridge position -------
°l hollow position --------- |

15 B

0.5 4

Bounding energy [eV]

05 | A

.15 ! ! ! !

Distance [a.u.]

Figure 1: The potential energy curvesfor the adsorption
of elemen 112 on the Au clusters.

Fig. 1 preseris the potential energy curves (rLD A) of
elemen 112 on thesethree clusters as function of the dis-
tanceto the nearestneighbours. The valueswhich describe
the minima are summarizedin Table 2, which alsoincludes
the corresponding valuesfor Hg. One can seethat for both
Hg and elemen 112the bridge position on the Au cluster
is preferertial, with the binding of elemen 112 being by
0.06 eV wealker than that of Hg.

The valuesfor the top position show the reversedtrend
from Hg to elemen 112. This is probably an artifact be-
causethe cluster for the top position is too small (only
9 atoms) to lead to good results. Here further calcula-
tions with a bigger cluster are necessary Nevertheless,
our experienceshows [3] that the bridge position may stay
preferertial even for larger clusters. Our calculated GGA
valuesfor the binding energyof Hg and elemen 112on the
Au cluster in the bridge position are 0.65eV and 0.56 eV,
respectively. The value for Hg could be comparedwith the
adsorption ernthalpy of Hg on the gold surfaceof -1.01 eV
estimated on the basis of experimental data [4]. Results
of our calculations suggestthat the adsorption enthalpy
of element 112 on the Au surfaceshould be about 0.1 eV
( 10 kJ/mol) smaller than that of Hg.
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Predictions of adsor ption temperature of element 112 on gold for gas-phase
chromatography experiments
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Investigations of chemical properties of element 112 discovered
by the GSI laboratory, Darmstadt, are to be conducted by an
international collaboration of several experimental groups[1,2].
Element 112, the heaviest man-made transition d-element, is
expected to exhibit an unusual chemical behaviour due to the
maximum of relativistic effects on the 7s orbital shell in the 7"
row of the Periodic Table: Due to the very strong relativistic
contraction and stabilization of the 7s electrons and its closed
shell ground state configuration, 75°6d', element 112 is
expected to be almost as inert as a noble gas and, therefore,
volatile.

In view of coming experiments, predictions of adsorption of
element 112 on metal surfaces based on quantum-chemical
calculations are highly desirable. As afirst step in such a study,
bonding in the dimers MHg and M112, where M=Pd, Cu, Ag
and Au, has been determined using the four-component
relativistic density-functional theory method (RDFT) [3]. First
calculations of the interaction of Hg and element 112 with small
clusters of the above mentioned metals have also meanwhile
been reported by our groups [4]. In the present work, a way is
suggested to predict the adsorption temperature of an element
(in this case of element 112) using thermodynamic equations for
the adsorption equilibrium.

In the isothermal chromatography an adsorption
temperature, T, Of a heaviest element (B) in relation to that of
its lighter homolog (A) at the established adsorption-desorption
equilibrium (the peak of the temperature distribution curve) is
usually measured. This corresponds to the condition when
K, (T,) =K;(Tg) ., or using statistical thermodynamics

e-DEA/RTAQ_ZZ -DEB/RTBQ_;' 1)

QR Qs
where DE is the adsorption energy of a speciesA or B, and Q is
their partition function. Due to a model of localized adsorption,
where an atom is considered to be bound to the surface and the
contribution of the configurational entropy should be taken into
account, the equilibrium constant is

— chonf \jbr (2)

Q 9 ]
trans ~<rot

Since experiments for the heaviest elements and their homol ogs
are conducted in the same set up under the same conditions and
often simultaneoudly, any parameter on the left- and right-hand
sides of eg. (1) connected with specific experimental conditions
cancel, so that the final equation depends only on properties of
the adsorbate and on its interaction with the adsorbent, i.e.

2 3/2
e-DEA/RTA pIRA _ TA -
d2 n3r3m 3/2
AlAMMy (3)
2 3/2
=e-DEB/RTB pIRB . TB
d2 n3r3m 3/2
B'B''B

Here m is the mass of a species, IR its ionic radius upon an
interaction with the surface, r is atomic radius of the gaseous
species, d is the distance between atoms in ametal lattice of the
adsorbent, and n is a vibration frequency of the adsorption
bond. Using eg. (3), either adsorption temperature of a species
can be defined on the basis of the knowledge of its interaction
with the surface, or its sublimation enthalpy can be determined
from its adsorption temperature, provided T, and DHys are
known for a homologous one. Ther values for Hg and element
112 have been, and those for IR can be calculated using the
atomic relativistic Dirac-Fock method [5] (Table 1).

Table 1. Properties of Hg and element 112 used for the
calculations of T, of element 112

Property Hg 112 Comment
I a/Bs 1815 1711 ryg- Drog(Hg/112)
IR(Hg/112-ads.), A 1.36 141 from calc. Re[3]
M wg112, Ot 186 283  used in experiments
n0* st 299 221 calculated[3]

To give Ty(112) relative to the experimental T(HQ),
DE(112) istaken as “experimental” DH(Hg) (deduced using
the Monte-Carlo ssimulation from an experimental T,, e.g., of
155 °C [2]) minus the calculated difference in the binding
energies of 21.7 kJ/mol between the dimers HgAu and 112Au.
The solution of eg. (3) with parameters of Table 1 gives a
difference in Tys between Hg and element 112 of 96 degrees.
Thus, results of our DFT calculations for the dimers suggest
that element 112 should form metal-metal bonding and should
be adsorbed at a much higher temperature than that of Rn. This
should, however, take place at ideal circumstances (for which
the calculations were performed): any deviation from an idea
surface/lattice would result in the formation of the van der
Waals bond and a shift of T, of element 112 in the area of T s
of Rn.
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Theoretical Treatment of Complexation of Element 106, Sg, in HF Solutions

V. Pershina® and J. V. KratZ?
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The first chemical study of seaborgium in aqueous solution was
its one-step elution as a neutral or anionic species in 0.1 M
HNO4/540* M HF from cation exchange columns [1]. These
experiments showed the most stable oxidation state in agueous
solutions to be +6 as expected for a member of group-6
elements. In future experiments with ?*Sg it was planned to
determine Kg-values on an anion exchanger in HF/0.1 M HNO;
solutions using on-line chromatography and the multi-column
technique. First measurements for batch and ARCA
experiments for Mo and W, homologs of Sg, in HF/HNO;
solutions were reported [2,3]. The results have shown a
complex dependence of Ky on the HF concentration due to a
competition between the complex formation and hydrolysis of
group-6 elements.

To render assistance to this experimental work and predict
extraction behaviour of Sg in future experiments, complex
formation and hydrolysis of Mo, W, and Sg were considered
theoretically on the basis of relativistic calculations for various
hydrated, hydrolyzed and fluoride complexes. The free energy
change for the following fluorination process

MoO,Z U MO;F U MO,(OH),F, U
MO,F5(H,0) U MO,F# U MOFs

has been defined for Mo, W, and Sg using a model [4]. This
model enables determination of the changes in the ionic and
covalent contributions to the total binding energy using the
Mulliken population analysis of the electronic density
distribution. The latter was calculated using the fully relativistic
Density-Functional method [5]. The geometry of the molecules
was estimated from experimental or extrapolated ionic radii.

As a result of the calculations, changes in the Coulomb part of
the free energy for the fluorination process indicated above at
different pH have been obtained as givenin Tables 1 and 2.

Table 1. Changes in the Coulomb part of the free energy DEC (in
eV) for the fluorination reactionsat pH < 1

Table 2. Changes in the Coulomb part of the free energy DE©
(ineV) for thefluorination reactions at pH > 1

Reaction Mo W Sy
MO, U MOsF -1098  -11.13  -11.06
MoO5(OH) U MOsF 2.01 1.99 1.89
MoO3(OH) U MO,Fy(H,0), -1423  -1452  -14.29
MoO,(OH),(H,0), U 5.43 5.47 5.45

MOZF;(H0),
MoO,(OH),(H,0), U 15.39 15.09 15.17
MO,F5(H,0)
MoO,(OH),(H,0), U 27.36 26.63 26.57
MO,F,*

MoO,(OH),(H,0),U MO.,Fs  18.08 17.60 17.11

Table 3. Trends in the formation of various fluoride complexes
of Mo, W, and Sg depending on pH and type of complex

Complex Trend

pH>1

MOsF W > Mo > Sg

MOze(Hzo)z Mo > Sg >W

MOF;(H,0)", MOFg Sg>W > Mo
pH<1

MOsF Mo>Sgs W

MO,F5(H20), Mo?3 Sg>W

MOF3(H20)_ Mo>W > Sg

MOFs Sg>W > Mo

Reaction Mo W Sy
MO(OH)5(H,0)," U MOsF 27.48 28.34 28.32
MO(OH)5(H,0)," U 10.56 11.04 11.34
MO,F2(H0).
MO(OH)3(H,0)," U 20.15 20.27 21.66
MOF;(H,0)
MO(OH)5(H,0)," U MOFs 21.83 21.54 21.06

The obtained values of DE® show a very complicated
dependence of the complex formation sequence in the group
depending on a sort of reaction, i.e. on the HF concentration
and pH. Generally, the trends can be summarized as it is shown
in Table 3.

If the experiment with Sg will be conducted in the 0.1 M HNO;,
the situation will be even more complex as it is shown in Table
3. One can expect, however, that at very low HF concentrations,
[HF] < 10° M, the sequence in the Kq4 values in the anion
exchange separations will be W > Sg > Mo. In the middle
range, 10° < [HF] < 10™ M, it will be very probably Mo > Sg >
W, while at the high [HF] >> 10" M, Sg will be much better
extracted than Mo and W: Sg >> W > Mo. In the full
publication on this subject, the relations in Ky values between
Mo, W, and Sg will be also given. The predicted sequences
(Table 3) are in agreement with those obtained experimentally
for Mo and W [2]. This is a good indication that Sg will be
observed as predicted. The best separation of Sg from Mo and
W can be expected at [HF] > 1 M.
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Reduction of Mo(VI) in ALOHA
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In previous studies, tungsten (W) and molybdenum (Mo),
the homologs of seaborgium (Sg), were used to develop a
reduction experiment in which, for the firg time, a
transactinide element is attempted to be reduced to a lower
oxidation state [1,2]. It had been shown theoretically, that
reduction of Sg(VI) to Sg(lll) should be feasible with a
strongly reducing metal such as Al [3]. Accordingly, Strub et
al. [1,2] studied reduction of W and Mo in 0.1 M HCI/0.1 M
HF in a heterogeneous system with Al metal a a solution
temperature of 80° C. Even though it could be shown that
reduction of W and Mo was possible in principle, the
distinction of M(lIl) from M(VI) on an anion-exchange
column (1.6 x 8 mm) was unsatisfactory. (M(l11) is supposed
to be duted immediately from the anion-exchange column
while M(VI) is expected to be sorbed on the resin.
Unfortunately, with the small-size columns of the ARCA
type, a sufficient retention of M(VI) on the anion-exchange
column was never achieved [1,2].

As an dternative to the discontinuous ion-exchange
chromatography with ARCA, Kronenberg et a. [4]
devel oped an on-line chromatography with the multi-column
technique combined with the quasi-continuously working
gasjet collection system ALOHA. We have inddled this
system at the TRIGA reactor, see Fig. 1. A U target
covered with 15 mm Al to suppress the heavy-mass fission
products was irradiated with neutrons and the light-mass
fisson products were stopped in He gas containing KCl
aerosols. At a flow rate of 2 L/min, the activity bearing
aerosols were transported from the target chamber through a
1.5 mm i.d. capillary to ALOHA were the aerosol was
deposited on a Ta disc by impaction. The deposited KCl was
dissolved in mixed HCI/HF solutions of different molarities
and the solution was pumped a 1 mL/min through three
columns. The firgt one served as filter column F [4] and was

filled with 67 mg of the cation-exchange resin AG 50Wx8.
The second one contained in a narrow bore an Al wire of 58
mm length heated to 80° C.

The third one was identicd with column F. Mo(VI1) passing
the column F as anionic fluoride complex, was reduced in
contact with the Al, and the reduced species was sorbed in
the third column. Variation of the molarity of the mixed
HCI/HF solutions showed that optimum vyields were
obtained with 0.001 M HCI/0.01 M HF. Yidds of
dissolution in ALOHA including the yield of impaction were
about 90 %. The yield of reduction and the retention of the
reduced Mo on thethird column was nearly quantitative. The
amount of Al dissolved per mL of 0.001 M HCI/0.01 M HF
was 0.061 mg. On the cation-exchange columns used for the
recovery of “°Es, the long-lived descendant of #*°Sg, the
dissolved Al does not present a problem as it is eluted as
fluoride complex, i.e, the capacity of the cation-exchange
columnsisnot limited by the dissolved Al.

In summary, the problems encountered in previous versions
of the reduction experiment in group 6 have been solved so
that the experiment with Sg can be envisaged.
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Electrodeposition of Po-210 on various electrode materials

U. Rieth, H. Hummrich, J.V. Kratz
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For future investigation of the chemical properties of
superheavy elements, the spontanous electrodeposition of
carrierfree polonium is beeing sudied.
In afirst preparatory step, the polonium tracer was produced a
the Mainz TRIGA reactor by irradiating natural bismuth. After
the Bi-210 (T1,,=5d) reached its radiochemical equilibrium with
Po-210 (T1»=138d) the dements were separated by anion-
exchange chromatography using the Biorad AG MP-1 (100-
200mesh) exchange resin [1]. A conc. HCI solution of the Bi-
210/Po-210 was fed onto the exchange column (d=13mm,
h=50mm). After elution of the Bi fraction with 100ml conc.
HCl (flowrate 1.5ml/min), the carierfree Po-210 could be
eluted from the column with 300ml HNO; (1:1) (flowrate
1.5ml/min) as shown in Fig.1.
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Fig.1 Elution of Bi-210 and Po-210 from the anion-exchange
column AG MP-1.

To get a Po-210 solution usable in eectrochemical
experiments, the fractions containing Po are evaporated to
dryness and are dissolved in the desired solvent afterwards.

Reproducible results in electrochemical experiments can only
be achieved by using dectrodes with very clean surfaces. To
get such edectrodes, a procedure was established, where the
electrodes (metal foils) are cleaned in a three-step process.
Firg, the foils are washed in acetone to remove grease.

Fig.2 Cu electrodes prior and after the surface cleaning.

In a second step, the electrodes are heated under an
argon/hydrogen (95:5) atmosphere at about 700K for 2 hoursto
remove oxide species from the surface. In a find gep, the
adsorbed layer of hydrogen is removed by a heat treatment at

400-500K under a pure argon atmosphere or by another heating
process under vacuum conditions. Fig.2 illustrates the change
in optical appearance of a copper-foil electrode prior and after
the trestment.

Using a 0.IM HNO; solution of Po-210, a first series of
experiments on the spontanous el ectrodeposition of Po has been
performed. These experiments used Cu, Ag, Ti, Pd and Ni in
form of 6x6mm foils as electrode materias. These foils were
introduced into a small eectrochemical cell with a volume of
only 200m [2]. After contacting the eectrode with the Po-210
electrolyte, the reaction time was started. To assure a maximum
ion motion towards the eectrode, the cell was heated to 340K
and treated with ultrasound. In these first experiments, a very
long reaction time of 15min was chosen. At the end of the
reaction, the elctrode was removed from the cell and rinsed
with water to stop dl reactions. The determination of the
amount of deposited Po was performed by alpha spectroscopy.
Fig.3 shows the results for the various electrode materials.
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Fig.3 Deposition yields of Po-210 on metal foils.

It can be noticed that the deposition of Po on a Pd electrode is
very inefficient. This is in contradiction to a theoretical
prediction by Eichler et a. [3]. Asthat prediction is only valid
for a very low surface coverage of only a single monolayer, the
degree of coverage was calculated using the experimenta
parameters (electrode surface area, activity of the electrolyte).
The calculations resulted in a coverage of 710°% which is
well within the monolayer limit.

Because of the relatively good deposition results observed with
Ni, Cu and Ag, future experiments will be performed using
these materials. In the planned experiments, the first goal must
be to reduce the deposition time by at least an order of
magnitude. This has to be achieved with respect to the half
lives of the superheavy elements which are to be investigated
using this el ectrochemical technique.
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The critical potential of the Pb underpotential deposition (UPD) on Pt

H. Hummrich', U. Rieth', J.V. Kratz*, B. Eichler?
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The electrodeposition of a metal ion A™ on a foreign metal
surface B in the sub-monolayer region often takes place at a
more positive potential compared to the potentia calculated via
the Nerngt equation. The so called underpotential deposition
has been studied by cyclovoltammetry [1] and radiotracer
methods [2]. Calculations with a modified Nernst equation
basing on physical properties of the deposited and the electrode
metal lead to predictions for edectrode potentials for the
deposition of 50% of A™ on B (Esgy-Vvalues). Esy,-values were
calculated for the deposition of element 112 to 115 and their
homologues Hg, TI, Pb and Bi on noble metals such as Au, Pt
and Pd [3],[4]. According to these predictions it might be
possibl e to perform e ectrodeposition experiments with element
114. To verify the predictions, more experimental data are
necessary. Hevesy and Paneth defined the critical potential Egy
as the potential, a which eectrodeposition of aradiotracer on a
metal electrode first occurs [5]. Obvioudy, critica potentias
measured in an experiment should be similar to the predicted
Esgo, values.

Tab.l Predicted E50% values (vs. Ag/AgCl (3M KCI)
electrode) for the deposition of Pb and element 114 on noble
metals|[3,4]

Electrode| Cu Pd Ag Pt Au
lon

Pb* -0,52 0,31 -0,47 0,01 -0,40
1147 1,04 0,66 0,74 1,14 0,64

We carried out deposition experiments with ?Pb as
radiotracer. As dectrode metal we chose Pt. ??Pb was prepared
by using a “’Rn emanating source (**Th co-precipitated with
Zr-Stearate). The ?°Rn daughter products were collected from
the gas phase on a Pt-electrode at a potential of -150V for 24h.
#2py was then dissolved with hot 6 N HCI, the solution was
evaporated to dryness and dissolved in 0,1 N HCI.
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Fig.1 Electrodeposition of ?Pb on a Pt electrode vs.
electrolysis time at different electrode potentials (vs. Ag/AgCl,
3M KCl)

The deposition experiments were performed at constant
electrode potentials, see Fig.1, by using a potentiastatic three-

electrode system with a Ag/AgCl (3M KCI) reference
electrode, a Pt working electrode and a Pt counter electrode.
The area of the working electrode was 2 cm?, the total volume
of the solution was 20 ml, for agitation a constant nitrogen flow
was applied. Prior to the experiment, the working el ectrode was
cleaned at +1400mV for 15 min.

To determine the deposition of *?Pb vs. the
electrodeposition time without disturbing the system, we
measured the decrease of the activity in the solution. This
experiment was repeated at different electrode potentials. The
experimental data were fitted by equation (1).

Ndep __a a s (a+b)t 1)

Nyt a+b a+b
Naep IS the amount of deposited atoms, Ny is the total amount.
The term a/(a+b) represents the maximum deposition yield for a
given eectrode potential. The critica potential determined with
Joliot’s method (Fig. 2) [2] is +190 mV, this is in good
accordance with the critical potentia of +255 mV for the
deposition of Pb on Pt in 1 N HNOs; measured by Ziv et d. [6].
The predicted Esyy, value (+10 mV) is somewhat lower than the
measured Egi-value, but the difference gets smaler if
compared with the potentia at which the maximum deposition
yield is 50% (approx. +100mV).
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Fig.2 Determination of the critica potentia Eg for the
deposition of 2?Pb on Ptin 0,1 N HCI (vs. Ag/AgCl 3M KCl)

The use micro-reference electrodes (0,5-1,5 mm diameter) will
allow experiments with small volumes (100ul). This should
lead to a drastic decrease in electrodeposition time. Future
plans ae to devedop an automated apparatus for
el ectrodeposition experiments with superheavy elements.
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Background free a-L SC spectra with the help of neural networ ks
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Liquid scintillation counting (LSC) is based on the
excitation of a solution of mostly organic substances by
an ionizing particle leading to the emisson of a light
pulse. This light pulse has a characteristic shape
depending on the type of partide Conventiona
methods for the differentiation of the different pulse
shapes are based on andog pulse - shape discrimination
(PSD). However, these PSD unitsfail in the case of high
numbers of background events and when unusua pulse
shapes occur.

An aternative is digita recording of scintillation pulses
with the hdp of so-caled trangent recorders and a
subsequent off line pulse - shape discrimination with the
help of artificda neura networks. The sepwise
deve opement of this method has been described earlier
[1,2] in connection with experiments with the fagt
liquid-liquid extraction system SISAK performed to
sudy the chemical properties of rutherfordium (Rf).
These experiments showed that Rf a decays could not
unambiguoudy be digtinguished from b- /g events and
pile ups by the andog eectronics used. The evaluation
described in [2] of an experiment performed in February
2000 a the Paul-Scherrer Inditute (PSI, Villigen)
showed that the ansatz of a pulse-shape discrimination
with neurd networks (PSD-NN) is functioning in
principle, but could beimproved in detail.

Severa parameters were changed. The newly adopted
neural net that had been trained with 2580 scintillation
pulses, conssted of three layers. The entrance layer
contained 175 neurons (corresponding to a pulse with
175 data points a 2 ns), the second layer contained 5
neurons, and the exit layer 2 neurons. The output of the
latter ddlivered, with values between 0 and 1, ardiable
information about the character of the pulses (a yes or
no). Compared to the net described previoudy [2], two
principal changes wereredized. Firdly, dl pulse heights
were normalized to one for the evaluation with the
neural network. Secondly, in the ascending flank of each
pulse, a gart point was defined, from where on the 175
data points of the pulse are recorded. These changes
lead to a drastically improved recognition performance
of the neura net, see Fig. 1. As an example, Fig. 1
shows a LSC spectrum containing dl registered events,
as well as a spectrum containing only pulses that the
neural net had automatically dassified as a pulses. This
spectrum does no longer contain any background
events.

For a complete andysis of the SISAK experiment of
February 2000, a search for 2'Rf — *'No
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Fig. 1. a-LSC spectra from a SSAK experiment
performed in February 2000. The original spectrum
(output value 0.0) is shown on the top, the spectrum
after automatic removal of background events (output
value 0.8) by the neural network is shown below.

aa corrdations within an energy window between
E,=77 ad 88 Mev was peformed.
Twoaa corrdaions were found [3]. This gamall
number of events is primarily rdaed to a bad
performance of the He (KCI) jet. Insofar, satements
rdated to the chemistry of rutherfordium cannot be
deduced from this experiment.

In summary, an empirica method has been egtablished
with the help of which background free LSC gpectra can
be obtained. This opens new possihilities for different
kinds of low — levd messurements in nudear and
radiochemidry.
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