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in the course of a series of experiments investigating
further the chemical properties [1] of element 105, hah-
nium, using the well-known isotope 34-s 2% Ha produced
in the 2Bk (1*0,5n) reaction, we have developed and
used a very efficient aqueous phase chemical separation
procedure for hahnium: Ha®?t jons were complexed in 0.05
M a-hydroxy-iso-butyric acid {a-HiB) and eluted in 50 ul
from 1.6 x 8 mm cation exchange columns. The efflu-
ent was quickly evaporated to dryness on Ta discs. Alpha
and SF fragment pulse height analyses were performed on
each sample using a system of ten 300 mm® passivated
ion-implanted planar silicon detectors. Typical a-energy
resolutions were 60 keV (FWHM). Each event was stored
along with the time after start of counting and the detector
identification. Start of counting was 40 s after the end of
collection and the total counting time was 450 s.

The sum spectrum of all a-particle specira contai-
ning a-events with 8.3 < Eo < 8.7 MeV obtained at 98
MeV bombarding energy is shown in Fig.1. Apart from
a contamination by 2*°Cf sputtered from the target (this
material is not dissolved in the weakly acidic a-HIB solu-
tion and is washed mechanically through the column}, and
by & small Bi and Po activity produced by transfer reac-
tions on a Pb impurity in the target, the spectrum is ex-
tremely clean and compatible with the complex spectra of
2Ha and its daughter 38|y . Besides 41 a-svents from
28215 and 2581y, among them § correlated pairs of parent-
daughter decays with the correct half-life of 4. 2112 < for
the correlated daughters, 23 fissions attributible to the de-
cay of 2%2Ha were also detected. These event rates are
consistent with the detector efficiency and the known 5 n
cross sectien [1] at 99 MeV.

Application of the same chemical separation-
counting technigues to the products from a 93 MeV bom-
bardment, choosen to optimize the production of the 4n re-
action product, resulted in the a-spectrum shown in Fig.2.
The absence of a-events above 8.5 MeV indicates that the
38215 /258 Ly couple is no longer present. We detected 9 a-
particle decays with 8.3 < £, < 8.5 MeV and 18 SF events
that we attribute to the new isotope *®*Ha and its a-decay
daughter, 6.4-s 2*°Lr [2], produced in the ***Bk (**0,4n)
reaction with a cross section of 13 £ 8 nb. The half-life for
the new activity is 271% 5. The a-particle energy for ***Ha
is 8355 4 27 keV, that of %%y is 8445 £ 29 keV. Un-
fortunately, we did not observe pairs of correlated mother-
daughter a-particles, however, two «-SF correlations with
correlation times of 6.0 and 8.58 s were observed, compa-
tible with the 23% SF branch [2] in **°Ls. The frequency
at which various event types associated with the decay of
26312 /%89y were observed, is consistent with the detection
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efficiency and with a SF branch in 2**Ha of 57711 %.

The kinetic energy distribution of the 18 SF events
suggests that the average kinetic energy is 207 MeV, and

the distribution is nvnh:ﬁnﬂv symmaeatric,

e GIstTiDURION IS Probeslx Y symimetric.

Both the value of

< TKE> and the apparent symmetry of the distribution are

consistent with SF systematics [3].

[1] J.V. Kratz et al,,
(2] K.E. Gregorich, private communication
[3] D.C. Hoffman, Nucl.Phys. AB0Z, 21c {1989)

Radiochim. Acta, 48, 121 (1889)
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Fig.1 Sum spectrum of all @-particle spectra containing
events with 8.3 < £, < 8.7 MeV in the bombard-

phAk of 99 MeV 20 lons

after cation exchange separations in 0.05 M a-HIB.
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Fig.2 Sum spectrum of all a-particle spectra containing
events with 8.3 < E, < 8.7 MeV in the bombard-

ment of 298k with 15.6 pAh of 93 MeV 1°0%T ions.

The chemical procedure was the same as for Fig.1.
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in a series of experiments investigating the chemical properties
of element 105, hahnium, we have observed a new alpha and
SF activity that we assign to the new isotope %EHa; see Ref.1
for a more detalled descrintion of the experiment, the decay
characteristics of this isotope, and the grounds on which our
asstgnment is based. The new isotope 25342 has been
produced in a 249[~3k(180,4n} reaction with a cross section of
1348 nb at 83 MeV bombarding energy. The large error results
from a conservative estimate of the uncertalnties of the chemical
yieid and the gas jet transport efficiency. At 83 MeV no contrib-
ution from 26244 has been observed, and an upper limit cross
section of 1.3 nb can be estimated for this 5n-product (assuming
zero events observed corresponding to 3 events at 95% confi-
dence levell.

The cross section for production of 26212 ar 99 MeV as re-
ported @ar§%er2 must be revised because both isctopes, 262015
and 263Ha‘ are produced at this energy. Because of the very
similar decay characteristic of both isotopes the contribution
from 253Ha has so far been assigned to 262y, resulting in a foo
targe cross section of 28244 From our recent experimentsg‘
we conclude that the new cross sections at 99 MeV are 6£3 nb
for 252Ha, and 2+1 nb for 263Hﬁ, respectively.

As these isotopes belong to the most neutron-rich isotopes
which can only be produced in so called hot fusion reactions
nased on actinide targets their production cross section is of
interest for extrapolations into the yet unknown region of de-
formed nuclei with enhanced shell stabilization around Z =109

i 3 o e 5 i .
and N=162°. One empirical approach 1o make such extrapo-

lations is to plot measured cross sections vs atomic number.
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Fig.1: Correfation for (jgcfén) reaction cross sections.

Fig. 1 shows the correfation for 80 induced reactions to

produce the heavy element isotopes 252Fm4, 2624045 and
263, nab Cmey T et 3 -
’“B'IUEG(ODGH circies). The new isoiope 263y {triangle) has a

cross section significantly higher than expected.

A more elaborated but to some extent still empirical ap-
proach is the use of a fusion-evaporation code. It has been
shown that HIVAP provides an excellent description of isotope
production of the heaviest element isotopes in hot fusion re-
acz%cms7, Not only the position of the maxima of the excitation
functions has been reproduced by the calculations but also up
to element 106, calculation and experiment agreed within a fac-
tor of 2 regarding the absolute cross section values. it is evident
from Fig, 2 that the measured cross section of the new isotope
2634z s significantly higher than expected from the calcu-

lations. For this calculation the same set of parameters has

been used as in the previous, successful

imental data7,

description of exper-
At the moment it is premature fo present any
explanation for the high cross section. One may specuiate to see
a first indication for enhanced nuclear stability towards heavier,

more neutron-rich isotopes. Increasing shell effectsd may lead
to an increase in the survival probability during the deexcitation

of the compound nucleus.

4. J.V. Kratz et al,, contribution fo this report

2. J.V. Kratz et al., Radiochim. Acta 48, 121 (1989)

3. K. Béning et al., Z. Phys. A325, 479 {1986)

4. T.Sikkeland Ark. Fys. 38, 539 (1966)

5. L.P. Somerville et al., Phys. Rev. C31, 1801 (1985)
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We report on a search for supermassive nuclel in nature with
masses up to 107 amu. Such exotic nuclei might consist,
for example, of stable strange matter [1], which comprises
a mixture of up, down, and strange quarks, or of relic par-
ticles [2] from the early Universe. The expw%m@mﬁw are based
on Rutherford backscatiering of heavy ions, preferably #381J,
from varicus target samples.
In a previous note [3] we fepcrﬁed an the results of s search
for supermassive nuclei in iron meteorites and some terrestrial
samples. No indication for the presence of supermassive isoto-
pes was observed. In order to improve the experimental limits
we examined additional meteorite targets and prepared a tar-
get sample chemica?iv enriched in strange-matter content.
The most efficient way of obtaining an enriched sample is to
use a target composed of unstable elements ( e.g. transuranic
elements ). In this case, strange matter can be chemically
extracted fram a large amount of bulk material that contains
or did contain unstable elements. We investigated the back-
scattering of uranium nuclei by a target which was prepared
from the plutonium fraction of a chemical extraction starting
from an initial mineral sample of 85 kg [4].
Another type of samples that are of interest to investigate are
the carbonaceous chondrites { Orgueil-, Murchison-, Allende-
meteorite). In the course of their history they have not been
subjected to gravitations! effects so that no chemical f
nation due to the difference in masses occurred.
The experiments were carried out with a beam of *%U at an
energy of 1.4 MeV/u. The signature of supermassive nuclei
would be the observation of heavy lons scattered into the back-
ward hem°sphem without essential loss of energy. The expe-
rimental set-up is described in Refs. [3] and [5]. It consists
of twelve position-sensitive multi-wire proportional counters
divided into four start- and eight stop-detectors. Fer each
scattered ion we measured the sc&tteréng amgle the time-of-
flight {TOF}, and the specific lonization [AE) produced in the
stop-counter.
In Fig.1 we show the two-dimensiona
TOF for the plutonium sample; the spectrum was measured
in the angular range 92°.118°. A number of nuclei is registe-
red with AE below that of uranium and with TOF =~ 30-90
ns. These events resuit from backward rescattering of recoil
nuclei preduced in collisions of uranium with nuclei of ligh-
ter elements in the target. For TOF > 90 ns there are some
events with AE of uranium nuclei. They most likely stem from
28] nuclel emitted into the backward hemisphere by multiple
scattering; these svents were excluded from the further ana‘yﬂ
sis. A TOF of 90 ns corresponds to backscattering of uranium
nuclei from target nuclel with mass A = 400 located on the
target surface. Thus, by excluding the events with TOF >
90 ns, we confine ourselves to a mass range of supermassive
nuclei with the lower limit A = 400,
in Fig.1 we can see an event {marked with A) with TOF = 60
ns and a AE within the 2o-range from the centrsid of uranium
nuclei as determined in a calibration experiment. The proba-

actio-

{spectrum of AE against

bility that the event (A} is a uranium nueleus is 14%. On the
other hand, the event could also be a multiply scattered light
target nucleus with exceptionally high AE. The AE-spectrs in
calibration experiments indeed have a high-energy tail which
s most likely caused by random coincidences 4], Thuz, using
ngwn statistics, the probability that (A} is a light target
nucleus is found to be 9%.
Upen irradistion of the meteorite targets no backscattered
228 was recorded with TOF < 90 ns, and thus our data can be
used only for an estimate of the upper limit of the abundance
of strange matter. The resulting limits {4] for the abundance
of strange nuggets with masses A ~ 4 . 103 to 107 amu rela-
tive to the number of nucleons are ranging from 6 - 1077 to
3-107® for the meteorite targets. For the chemically enriched
plutonium sample the respective limit of 2. 10717 is valid for
strange rnatter of positive charge Z=9%4, which corresponds to
s mass of A ~ 3700 {1].
Our previous limit [3] for the abundance of strange matter was
close to an estimate by De Rijula and Glashow [6] who assu-
med that the local dark matter density of our Galaxy consists
of strange nuggets. [n the present study the upper limit is
about three orders of magnitude below their estimated abun-
dance of strange matter.
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Figure 1 : **®U jons incident on a target preparad from a
plutonium fraction; two-dimensional spectrum of AE against
TOF in the angular region 92°-118°.
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The excitation - energy snazm@, among the reaction products con-
tains important information about the intrinsic equilibration pro-
cess in heavy -ion collis

1s. Deviations from thermal equilibrium
with an excitation-energy division proportional to the ratio of

He ‘fragment nmasses have ‘\een Observec{ xepea*ed‘% in partsculur

ﬁsw Was obsez‘ved Por quasz fission reac-

ized %y the ¢

tions th aract nplete damiping of the kinetic energy

and by large mass and Lhdr e transfer, one might expect that
thermal equilibrium is reached, However, we have previously®?

observed cold targes - like fragments and highly excited projectile -
like fragments in quasi- fission reactions at the barrier. The sug-
gested mechanism is & highly ordered transfer of nucleons from
the quiermost or “ﬁjﬁ. s of the target to unoccupied crbitals in the
eaving a cold core of the target nucleus and produc-
ing an excited projectile - like acceptor with as many particle - hole
were transferred. The absence of equilibra-
tion may be associated with the initial absence of a friction force
because the mpemmﬂnts were pf’rfomﬁd exactly at the Coulomb

Tk

Civy i is gero.

excitations as particles

barrier where the ¢
n

assumes that nucleon transfer is &
randon process poy gle - particle states both in the tar-
get- and projectile-] !;ie us neat the Fermi energy. This would
alww~ make, at low Mekg,xeﬂ the lighter nucleus more highly ex-
d than the heavier nucleus. A dependence of the ﬁh@fgj sharing

d t%e direction of the m

o

ass flow is then not to be acted.

ol

r previ were resiricied to Guse?vmgi 1€ 111858
flow from the target to the ;;m.;ectﬂe, In order to test & possible
dependence of the excitation-energy division on the direction of
the mass flow we looked also at the below - projectile and frans-
target products in the resction BV 4 ¥ 40 at 4]
(Epay = 248 MeV). The reaction products, after being stopped in
4n geometiry in fatcher fmisq were subject to extensive chemical
separations® and low-level y-ray spec ctr oscopj over a period of
several weeks, The resulting cross secti
troids <N >j of the isotope "Elstnbumm for given elements. These
st - neutron emission centroids are cor with pre-neutron

Q‘

CGUE 95{{)6‘?13“&1@“‘-

ot

he Coulomb barrier

¢ are used to define cen-

mass will h*« uu;ed

’?et e the average excitatio s & function of 7 v«;“ﬂ

,hﬁ acceptors have kem metad The
elow - projectile products coincide with the |

T A
donors stayed cold and di

5P, Klein, Diplomarbeit s§ *59)

below the target, we observe centroids close to the MPE-line, and
centroids crossing the MPE-line to the left hand side above the
target. Thus, the preliminary results point to a dependence of the
excitation - energy sharing on the direction of the mass flow.
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To develop a separation procedure for the elements 104 and 105
the lighter homologs Zr and Nb as well as Hf and Ta have been
used as tracers.

The difference in complex formation of Zr and Nb in aqueous
hydrofivoric acid sclutions has been applied for their separation.
Zr forms cationic complexes in difuted hydrofiuoric acid, which
can be adsorbed on a cation exchange resin while the negative
charged niobium complexes remain in the selution. To find out
optimum separation conditions experiments have been per-
formed with fission products at the TRIGA Mainz combined with
the centrifuge system SISAK HI'. The fission products are
transported from the irradiation position 1o the 3ISAK system
with a KCI/N5 gas jet. The clusters with the attached products
are dissoived in 0.1 M HCt and HF of different concentrations in
a degasser where the nobei gases together with the jet gas are
removed. The outgoing solution is passed with a flow rate of 20
mi/min through the 30 x 3 mm?* cation cxchange column filled
with 100 - 200 mesh DOWEX 50 x 8. The effluent is pumped to
the HP-Germanium detector and is measured.

Fig. 1 shows part of 2 gamma ray spectrum of the fission product
activities in this effiuent ( upper part without and lower part after
a separation step ). After introducing a DOWEX 50 column for
separation the strongest y-lines of **Nb and **'Nb can clearly be
seen whereas the Zr-lines have disappeared indicating that the
Zr and the lanthanides are adsorbed at the column.

The results of the experiments with different HF concentrations

are summerised in table 1.

Tab. 1: Percentages of the initial Zr activity present in the Nb

fraction measured as a function of the KF concentration

M/ HF %
1x 1078

5% 107° £2.3
1x 107 8.6
1x 107 8.5

without separation 100 { defined }

From this data one can see that in 0.1 M HC| containing HF
concentrations between 107 and 107 mol/l Nb forms anionic
fluoride complexes. At low HF concentrations (< 5 x 107* M)

Nb begins to form partly neutral and cationic complexes leading

to a decrease of the Nb-activity in the effluent. This separation
method for Nb and Zr should also be applicable for the elements
105 and 104 if the behaviour of these elements is similar to the
fighter elements In the 5th subgroup. With this chemical proce-
dure it is also possible to separate fast and continuously both
elements from the actinides®. Diﬁ'efences in the adsorption with
variing HF concentrations could give informations about the

complex formation of the element 105 with F™- and OH™-ions.

1. H. Persson et al,, Radiochim. Acta 48, 177 (1989}
2. Z.Szeglowski et al,, Radiochim. Acta 51, 71 (1880}
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Fig.1: Parts of y-spectra from the solution without ( upper part )
and wth { lower part ) separation
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O. Alstad ( Department of Chemistry, University of Oslo )

Fast and continuous chemical techniques for element 106 from
complex reaction products can be tested with fission products
assuming that the behaviour of element 108 is similar to the
tighter homolog of the 6th subgroup, molybdenum. Experiments
have been performed at the TRIGA Mainz to check the possibil-
ity of separating molybdenum from niobium (5th subgroup) ,
zirconium (4th subgroup), and the lanthanides (3rd subgroup) in
alkaline solution.

The fission products, produced by thermal neutron induced fis-
sion of ®Pyu, were transported by a KCI/Ny gas jet to the
dissolution-degasser unit of the centrifuge system SISAK I,
The clusters with the attached fission products were dissolved
in a agueous solution of NaOH or NHg. After removing the nobei
gases and the carrier gas the solution was pumped with a flow
rate of 31 mi/min through a filter with thin layers of Nb(OH)5 and
La{OH), precipitates and through a 306 x 3 mm? column filled
with the cation exchange resin 100 - 200 mesh DOWEX 50 x 8.
This separation was performed in ana!ogy {6 the one described
Ref.2. rted thr

a HP-Germanium detecior and was measured ( see fig. 1 for

in The effluent was trans ocugh a teflon tube to
a schematic of the experimental set-up }.

The variation of the pH-value of the solution and the use of dif-
ferent layers of hydroxid precipitates on the filter led to results

given in tab. 1.

Tab. 1: Results of separations of Mo as a model element for el-
ement 108 from La and Nb under different conditions with a

ation avehanne column
cation exchange column

ratio of peak areas from main
solution pH filter y-energies in sclution
with and without separation
i [ e | s [ |
NHq 11.3 “ 64.2% 11.3% 38.7%
HaOH 12,0 NE(GH)S $4.8% 8.5% 2.4%
La(QH}g
MNalH 13.0 Nb(OH)5 100% <3% =AY,
| Laf@fﬁig

KCI/N;-Basjet s
from target f

o
(%bLiii:i:;J Filter 1

|
| Degassing <} ™ Ge-detectors

| unit

lon exchange
column

-

~

IKHz-2: W

Aqueous
solution

Fig.1: Experimental set-up

One can see that the optimum conditions for the separation of
Ma were obtained from a solution of NaOH {(pH = 13), in com-
bination with NB{OH)s, and La(OH)5 on a set of glasfibre and
membrane filters.

Fig. 2 shows part of the y-ray spectrum of the solution without
( upper part ) and with ( lower part ) separation in the energy
range from 120 to 315 keV. After the separation only the peaks
from '**Mo and '**Tc can be seen, whereas peaks of niobium
( **sNb, **'Nb and "*Nb ),

{ "La ) have campletely dissapeared, which indicated that all

zirconium { "®°Zr }, and lanthanum
these elements are adsorbed at the cation exchange column and
the filters with the precipitates.

Further experiments are planed toc optimize the separation

technique and extend the procedure to fungsten.

1. H. Persson et al,, Radiochim. Acta 48, 177 (1989)
2. H. Bruchertselfer et al., Radiochim. “Acta 47, 41 (1989)
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A PROPOSED SEPARATION SCHEME FOR THE SEPARATION OF LEAD FROM LORANDITE

W, Brichle, B. Schausten,

LOREX is a project to use thallium as a geological solar-neutrino
detector /1/. Lorandite (T‘ASSZ) is the only known TI mineral
which could be used to detact ***Pb produced by solar neutrinos
for such a mineral are: it must
(=~ 1 ppm typically
age” must be known. The latter

from 2°°Ti. Some prerequisites

contain very low levels of lead for
lLorandite), and the “irradiation
is important because reactions with cosmic radiations can iead
to ***Ph, too. The main problem is, that only 30-100 atoms of
50p are estimated to be formed by neutrinos in 1g of Lorandite
during the geological age of the deposit (=5x10%) /2/.
Compared to 1.2x10*" atoms of *°*T| in the same sample, this
yields a surplus of a factor of & 2x10" for ***T1.

if we assume that the detection of ***Pb shali be done by
accelerator mass spectroscopy (AMS) /3/ we can estimate the
amount of Lorandite needed, and the chemical separation
factors required before mass separation. AMS yieids isobar
separations *°Pb:*%*Tl of & 1:10°. A negative ion sputter source
14/ Po:TI &~ 1:10% A
combination of AMS with this ion source would allow 1 atom of
*pp to be detected in 10° 25T,

purification should then yield separation factors Pb:Ti better than

can vyield ionisation efficiencies

atoms of The chemical
1:10'%. The absolute efficiency of AMS nowadays is less than
1074

1o =10%) one needs =10Kg Lorandite. This amount Is needed

To detect at least 100 atoms of *®*Pb (statistical error

independantly from different levels of the Allchar deposit in

order to correct for myon- induced reactions from cosmic
radiation. Nowadays only ~50g of Lorandite exist concentrated
and separated out of the surrounding minerals from the Alichar
deposit.

The probiem of contaminating the samples with lead from
The

content of **Ph in natural lead is not known. But with the

aerosols (leaded fuels) should not be underestimated.

measured thermai neutron flux from the Alichar mine /5/ of
4.4%107° cm™s™" at the surface and the known cross section for
the reaction 2°*Pb(n,y)***Pb one can calculate a content of
3x107'* *°*Pb in natural Pb at the earth surface. This may be
onfy a lower limit because reactions with high energetic cosmic
radiations were ignored. This means, that 10mg Pb which
should be in 10Kg of Lorandite could contain 9x10° atoms of
2%%ph, the same amount which optimistically is expected from

neutrino reaction with T1.

We evaluated a separation scheme which shall overcome the
All

p-decaying tracer activities of **7l (T,, =38.78a) and *"*Pb

separation problems. experiments were done with

(Ts,, =10.84h) which were measured in a low level proportional
counter. **Pb could be measured with better sensitivity via its
a-decaying daughter *'*Bi (T, =80.6m) using surface- barrier

Si-detectors.

GSi Darmstadt, FRG

In a first step the Lorandite which is not soluble in HCI should
be washed with dilute hydrochloric acid to remove possible
surface contaminations from lead which could have polluted the
samples during the mechanical enrichment process. In the next
step the components sulfur and arsenic shall be removed by
oxidation and sublimation in a gas chemistry procedure, which
would prevent contamination by external chemicals. The
oxidation should be performed in a quartz apparatus to prevent
contaminations, With neutron- activated Lorandite volatilisation
yields of "®*As were measured fo be about 99%. After dissolving
the residue in purest hydrochloric acid and oxidation by bromine
TE*

Chlorine is a better oxidising agent. but to prevent formation of

can be extracted in di-isobutyl-ether with high yield.
Pbé* Br, is better suited. Di-ethyl-ether couid be used as
extractant, too. The disadvantage is a relatively high danger of
peroxides which are no problem when using di-isobutyi-ether,
In the concentration region between 6n HC! and 8n HCI after
4 extractions the aqueous phase contained <107¢ of the original
activity. In the next step traces of TI'" can be adsorbed on
ammonium phosphomolybdate, (NH,),[P(Mo,0,.),]x6 H,0, or
prussian blue, Fe [Fe(CN).], after reduction from TPF* to TI'F
with SO,. The Tl- solutions succed through thin layers of this
scavenging precipitates contained 7x107° of the original Tl in the
case of ammonium phosphomolybdate, and <2x107* for
prussian blue,

A final purification can be made by a anion exchange procedure
which separates T#* from Pb®* hetter than 5 orders of
magnitude.  With a 5Scmx3mm column of standard anion
exchanger (Dowex 1-X8 minus 400mesh) the Tl content of the
eluate with 0.1n HCI was below the detection limits of 107°,
Special precautions must concern the Pb- and TI- content of the
used chemicals which should be kept below pg/g, if possible.
The final separations must be done in dusi- free hoods in quariz
vessels.

Before the precious Lorandite is worked up one should perform
the separation with realgar (As,S4) or oripiment (AssS,) from
the same geological deposit to verify that lead in these samples

free from thailium does not contain significant traces of 205pp,
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Trace Analysis of Technetium in a Laser Ion Source
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R. Kirchuer, GSI, D-6100 Darmstadt

Isotopic analysis of small amounts of techmetium chemically
separated from molybdenum ore can throw light on the integral
8B solar-neutrine flux over the past several million years. In the
case of the Henderson Rock Mine (Colorado) such an experiment
involves the detection of about 108 atoms of *"*®*Tc out of 5300 t of
ore produced from molybdenum by an inverse S-decay induced by
golar neutrinos. In addition, such a sample will contain about 104!
atoms of ¥T¢ from spontaneous fission of uranium and about 10
atoms of molybdenum even after chemical separation [1][2]. As
a consequence, high sensitivity and high elemental and isotopical
selectivity are required. Since the uranium content of the ore is
known, only the relative abundance of °¥Tc in respect to **Tc
has to be measured. This can be done by resonance ionization
mass spectroscopy (RIMS).

The sample under investigation is evaporated and the atoms
are excited resonantly in several steps to a highly excited atomic
state by the absorption of laser light. Finally, they are ionized by
the absorption of an additional photon or by applying an electrical
field. These photoions can be detected via mass spectrometry.

In order to improve the efficiency compared to conventional
RIMS experiments with a thermal atomic beam crossed by per-
pendicular lager beams, a hot cavity ia used with a small hole to
inject the laser beams and to extract the photoions. Thus, the
atoms are confined inside the cavity and have the chance to cross
the interaction region with the laser beams several times. Using
high~repetion rate lasers like copper vapor laser pumped dye lasers
(Vpep = 6.5 KHZ) an efficiency of several 10% can be reached.

We have built up such a laser ion source for trace analysis of
Tc at Mainz. A temperature of more than 2300 K is required for
the evaporation of Tc. This can be obtained by use of a tungsten
or graphite cavity heated by electron bombardment, a design de-
veloped at (S as an ion source at the on-line mass separator [3].
Such a laser ion source with a hole diameter of 2.7 mm, an inner
diameter and a length of 1 cm can reach theoretically an efficiency
of 17 % for the photo ionization of technetium at a temperature T
= 2400 K [4]. The extracted ions are focused to the entrance slit
of a Mattauch-Herzog mass spectrometer.

Technetium is ionized by a three-siep, three-colour resonant
excitation to an autoionizing state (X,=313.12 nm, J5=3821.13 nm,
As=670.74 am). The technetium was deposited electrolytically on
a small rhenium filament [5] and introduced into the cavity. Until
now samples containing 5 - 10° o 10'% atoms *¥T¢c were used. A
total efficiency of 4 - 10~* for the whole apparatus was obtained.
This value includes the transmission and detection efficiency of
3103 of the mass spectrometer. Thus the efficiency of the source
is 14 %, very close to the theoretical value. The efficiency was
shown to be sufficient for the solar-neutrino experiment, but there
is still an interference of thermally ionized molybdenum occuring
as an impurity in the cavity material. This background can be
reduced using the pulsed structure of the photoion beam.

Pigure 1 shows a typical result of 2 measurement. In this case,
1.5-10° atoms of ®Tc were loaded into a graphite cavity and heated
up to nearly 2300 K. The upper part of the figure shows a mass
gpectrum {A = 92 to A = 100) with the laser beams blocked. Only
thermally ionized molybdenum can be seen. If the lasers are on
and get on resonance for ®T¢ (middle of figure 1) the molybdenum
signal remains constant but an additional peak appears at masa
A = 99. The lower part shows the same signal but with a coinci-

dence gate (4.5 us) for the photoions. The ratio of photoion signal
to thermal ion background is increased by nearly a factor of 10.
The background can be reduced further by using purer materials
for comstruction of the cavity or materials with lower work func-
tion for reduced thermal ionization efficiency.
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Chemical Properties of Element 105 in Aqueous Solution:
Further Studies of the Halide Complex Extraction into Triisooctyl Amine ?
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Previously, we have performed anion exchange se-
parations of 34-s 282Ha from HCI and mixed HCI/HF so-
lutions [1] using reversed-phase micro-chromatographic co-
lumns incorporating triisooctyl amine (TIOA) on an inert
support in the computer-controlied liquid chromatography
apparatus, ARCA 11'[2). 232Ha was shown to be adsor-
bed on the column from either 12 M HCI/0.02 M HF or
10 M HCI solutions like its homologs Nb and Ta, and like
Pa. In elutions with 4 M HCI/0.02 M HF (Pa-Nb frac-
tion), and with 6 M HNG3/0.015 M HF (Ta fraction), the
2t2Ha activity was found in the Pa-Nb fraction showing
that the anionic halide complexes are different from those
of Ta, and are more like those of Nb and Pa. In sepa-
rate elutions with 10. M HCI/0.025 M HF (Pa fraction),
and 6 M HNO;/0.015 M HF (stripping of Nb), the 1i7Ha
was found to be equally divided between the Pa and Nb
fractions. The non-tantalum like halide complexation of
element 105 is indicative of the formation of oxohalide or
hydroxshalide complexes, like [NBOCL 1™ and [PaOCi]™
or [Pa(OH)3Cls]™, in contrast to the pure halide comple-
xes of Ta, like [TaCls]™.

We have extended the elution studies of the group-
VB elements from TIOA columns in ARCA 1l 10 0.5 M
HCI/0.01 M HF as the effluent. 34-s 357 Ha from the *°Bk
(*#0,5n) reaction at 99 MeV beam energy was produced
at the LBL 88-inch cyclotron and transported on-line by a
He/KCl jet to the chemistry apparatus where it was collec-
ted on a polyethylene frit. After a collection time of 60 s
the frit was washed with 12 M HCI/0.01 14 HF which dis-
solved the activities, and assured chloride complexing of
the group-VB elements. This solution passed through one
of the TIOA-Voltalef mini columns (1.6 x 23 mm § where
the homologs Nb and Ta, as well as the pseudo homolog
Pa, were extracted, while the group-iVB elements and the
actinides were eluted from the column.

In 345 elutions with 0.5 M HCI/0.01 M HF (Pa
fraction) and with 4 M HCI/0.02 M HF (Nb fraction), the
262 Ha activity was found in the Pa fraction: Ta is not eluted
from TIOA under these conditions. in order to determine
the elution position of element 105 more accurately, we
have cut the Pa fraction after 4.5 s into an “early Pa frac-
tion”, and a “late Pa fraction” (elution with 0.5 M HCi/0.01
M HF for another 7.0 s}. In the “early Pa fraction” contai-
ning about 25 % of the Pa tracer activity, we observed &
182 Ha decays (38 %), while in the “late Pa fraction”, con-
taining about 75 % of the Pa tracer activity we observed
13 282Ha decays (62 %). These are the results of 228 expe-
riments. Within the error limits, the hahnium distribution
is not significantly different from the Pa distribution, even

though one might recognize that hahnium elutes slightly
earlier than Pa.

The elution positicrs can be transformed into dis-
tribution coefficients; the latter are expressed as fraction
contained in the organic phase in Fig.1, together-with the
respective data for Zr, Hf, Nb, Ta, and Pa [1]. The results
from our previous work at 10 M HCl and 4 M HCl, and the
results of the present work at 0.5 M HCl indicate that the
distribution coefficients for hahnium follow in detail the ups
and downs in the coefficients for Nb and Pa, and that the
extraction benavior of hahnium is very different from that
of Ta over.a wide range of HCl concentrations.

in summary, the close analogy [1] of the chemical
behavior of hahnium to protactinium, and to niobium, s
confirmed also for low HCl concentrations, This strength-
ens our case for the formation of oxo- or hydroxochalide
complexes by hahnium,

(1] L.V, Kratz et al., Radiechim. Acta, 48, 121 {1989)
[2] M. Schadel et al., Radiochim. Acta, 48, 171 (1989)
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The secondary alcohol diisobutylearbinol (DIBC) is known to
be a very specific extractant for protaciinium halide comple-

xes [1]. A standard separation of Pa involves the extrac-
tion inte DIBC from 8 - 12M HCI and its back extraction

in 12M HCI/0.25M HF or dilute HCI solutions [1]. Since we
have found evidence for a close similarity in the halide com-
plexation and extraction into triisooctylamine between protac-
tinium, niobium, and efement 105 [2], it was attractive to test
the potential of DIBC for extractions of element 105,

We have determined the distribution coefficients of Zr, Nb
and Pa for DIBC extractions from HCl, HBr and HF solutions
in a series of batch experiments. Some results are shown in
Fig. 1. It was the aim of these experiments to find conditions
under which the prototypes for element 105, Pa and Nb, are
both extracted guantitatively into DIBC. Fig. 1 shows that the
HCI/DIBC system does not meet this requirement. The insuf-
ficient extraction of Nb in this systermn even at high HCI con-
centrations is likely to be due to the formation of polynegative
anions such as [NbOCI*~. The dielectric constant of DIBC
is not large enough to sccommodate polynegative species. In
conc. HBr, the required simultaneous extraction of Nb and Pa
into DIBC is fuifiiled better. Therefore, we have adopted the
HEBr/DIBC system to HPLC separations, and have tested both
the initial extraction of Pa and Nb, as well as possibilities for
their separate elution. Teflon columns (2x20 mm)filled with
DIRC-coated Voltalef powder (weight ratic 1:3) were used.
The best conditions were as follows: After the extraction of
Nb and Pa inte DIBC from conc. HBr, a Nb fraction was elu-
ted from the column in 6M HCI/0.0002M HF, followed by the
stripping of Pa from the column in 0.5M HClL. The separa-
tion was subsequently impiemented at the ARCA Il apparatus
[3]. The separation is depicted in Fig. 2. Unfortunately, losses
of about 18% of Nb in the feeding of the activities onto the
columns were inevitable.

The same separations were performed with 34-s 2§*Ha produ-

ced at the LBL 88-inch Cyclotron in the *** BE(*# 0 5n}reaction.

Low extraction yields were ohserved throughout: In a fisst se-
ries of 59 experiments no o- and 4 SF decays attributable to
**71a were recorded in the Nb fraction. in order to exclude
that the elution conditions chosen were inadequate for hah-
nium, we checked the extraction yield of **?Ha into the DIBC
phase by feeding the activity to the column, and by stripping
the DIBC (along with the extracted activities) from the co-
lemins by dissolving it in acetane. The acetene strip fraction
was evaporated to dryness, and assay of the sample for a- and
SF decay started 48s after the end of the collection cycle. in
240 experiments § a- and 7 5F decays ware recorded. Come
parision of the "apparent” cross section resulting from these
decay rates, 4.4 nb, with the known production cross section
at 99MeV beam energy, 8.3:2.4 nb, gives an extraction yield
of roughly 50%. Subsequently, we have continued elutions of
Nb fractions in 6M HCI/0.0002M HF from the columns and

have detected another 6 a- and 3 SF events, compatible within
the uncertainties with the reduced extraction yield mentioned
above. These results show, that the tendency to form polyne-
gative complex species in cone. HBr increases in the sequence
Pa < Nb < Ha. The experiments do not allow to decide
wether this reflects an increase in the equilibrium constant for
[MeOBr,]™ + Br~ = [MeOBr)*~, or wether the kinetics for
the back reaction of [MeOBrs}*~ into the extractable species
[MeOBry]~ is slower for Ha than for Nb and Pa.
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In 1990, we have investigated further the chemical properties
(1] of element 105 in aqueous solution. A newly developed se-
paration procedure is based on the following consideration:
The complexing strength of a-hydroxy-ise-butyric acid (a-
HIB) increases with the ionic charge of the metal ion. Thus,
if element 105 forms pentavalent metal ions in agueous solu-
tions, it ‘will be more strongly complexed than tetravalent or
trivalent metal ions. By-feeding-an a-HIB solution of appro-
piate concentration and pH to a cation exchange column, one
expects pentavalent metal ions (element 105} to be immedia-
tely eluted from the column, while tetravalent ions (element
104) are retained on the column. This is even more the case
for the trivalent actinides.

We have tested this chemical procedure in manually performed
HPLC separations [2] using tracer activities of **Zr, **Nb and
133P4 produced at the Mainz TRIGA reactor. Subsequently,
the procedure was implemented at the Automatic Rapid Che-
mistry Apparatus, ARCA 11 [3]. First on-line experiments were
performed with **~1"®Ta produced at the UNILAC accele-
rator [2], and with short lived Nb isotopes produced at the
TRIGA reactor. The reaction products were transported from
the target to a collection frit by a He/KCl gas jet system. Af-
ter 1 min, the products were dissolved in unbuffered 0.05 M
a-HIB and eluted from 1.6 x & mm chromatographic columns
containing the strongly acidic cation exchange resin Aminex
A6 (particle size 17.5 & 2um). An elution curve for Nb is
shown in Fig. 1. In less than 4 s more than 90 % of the ac-
tivity elutes from the column. The small effluent volume (50
ul) is quickly evaporated to dryness using intense IR light and
a stream of hot He gas.

The method was applied to 34-s 3§2Ha produced in the ***Bk
(**0,5n) reaction at 99 MeV bombarding energy. The resul-
ting a-particle spectrum is shown elsewhere in this report [4].
Apart from a contamination by *** Cf sputtered from the target
{this material is not disselved in the weakly acidic a-HIB solu-
tion and is washed mechanically through the column},and by
a small Bi and Po activity produced by transfer reactions on a
Pb impurity in the target, the spectrum is extremely clean and
compatible with the complex spectra of ?§2Ha and its daugh-
ter 258 r. These assignments are corroborated by 9 correlated
pairs of mother-daughter decays with the correct half-life of
4.241% s for the correlated daughters. The results provide an
independent proof of the 54 oxidation state of element 105
in agueous solution.

Also, the high decontamination from interferring actinides ma-
kes this'separation procedure a very powerful tool for the iso-
jation of hahnium isctopes for spectroscopic study. As a first
result, we report on the discovery of the new isotope j5iHa
produced in the 9Bk (**0,4n) reaction [4].

The small volume of the separated Ha-fractions also opens the
possibility to elute directly onto the surface of a 2700mm? Pas-
sivated Implanted Planar Silicon (PIPS, Canberra) detector for
the measurement of a- and SF-decays. In order to obtain a

reasonable energy-resolution, the thickness of the liquid should
not exceed some ten um, The variable thickness is defined by
a titanium surface opposing the .surface of the PIPS detec-
tor, the thickness being measured by inductive-gauge heads
{TESA). The resulting volume is sealed by a silicon rubber
ring pressed onto the detector surface at its outer edge. The
titanium surface contains a central:bore hole through which
the liquid is introduced and twelve holes at its outer edge ser-
ving as outlets. The thickness was adjusted to 23um resulting
in a calculated volume of 56ul which s sufficient to accomo-
date the a-HIB eluate. In tests with *'2Bi/Po solutions an
a-energy resolution of about 500 keV was obtained.

in the 105-experiments, the effluent ‘was pumped ‘into the
chamber and assayed for a- and SF-events for one minute.
In 332 a-HIB separations, 11 @- and 9 SF-events were ohser-
ved. ‘Based on-the known cross section, and by assuming-a
counting efficiency of 50%, one would have expected to see
eight times this number of events. The reduced efficiency is
likely to be connected to the coptically apparent fact that the
detector surface was not planar,making the effective volume
of the counting cell much smaller than calculated. A new de-
tector construction with improved surface planarity is being
developed.

[1] J.V. Kratz et al:, Radiochim.-Acta 48, 121 (1989}
[2] H.P. Zimmermann et al.,

GS! Scientific Report 1989, 5.239
[3] M. Schidel et al., Radiochim. Acta 48, 171 (1989)
[4] J.V. Kratz et al., this report
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Fig.1 Elution curve for Nb in 0.05 M «-HIB from a
1.6 x 8 mm cation exchange column in ARCA Il at a
flow rate of 1 mi/min.
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Recently, considerable interest has been drawn to the study of the
chemistry of the transactinide elements (atomic number > 103) from
both experimental and theoretical chemists. Relativistic effects may
affect the configuration of valence elecirons to such an extent that
the chemical properties of these elements may not longer be
extrapolated from their lighter homoclogs in the periodic table.
Recent extensive theoretical calculations!23 have now provided
chemists with predictions on how the relativistic rearrangements of
valence electrons affect the chemical properties of the heaviest
clements and in which compounds these effects should become
noticeable.

We have developed an gn-line gaschemistry apparatus (OLGA)
which allows to continuously separate volatile atoms or molecules
of different voladlity.

An improved version , OLGA I, is shown in Fig. 1. Products
transported by a He/KCl Gas-jet system are continuously injected in
a quariz column. Behind the isothermal column the ejected
molecules are reattached onto new KCl particles and transported
through a capillary to a counting station. This device is a rebuilt
magnetic tape station. Products are collected on the surface of a tape
and - from time to time - transported through 6 counting chambers
equipped with PIPS (passivated ion-implanted planar silicon)
detectors. This allows to detect a- and sf-activities in a 2w geometry.

OLGA I was used to investigate the volatility of the group VB
pentabromide molecules NbBrs, TaBrg and HaBrg by isothermal
gaschromatography in empty quartz columns. Short-lived isotopes
(Tiz < 1 min) of those elements were produced at the reactor
SAPHIR (NbJ) and at the 88-inch cyclotron in Berkeley (Ta, Ha) in
the fusion reactions of 120 MeV 20Ne + 4/Sm and 100 MeV 180 +
249Bk, respectively. After collecting the KCl particles on a quartz
wool plug the bromide molecules of Nb, Ta and Ha were formed by
adding 100 mi/min HBr gas (Nb, Ha) or 100 mli/min HBr gas
saturated with BBr; vapour (Ta). As chemical signal the activity
behind the quartz chromatography column was measured as a
function of the temperature of the tube. The temperature at the
quartz wool plug was kept constant at about 500 oC.

Fig. 2 depicts the chemical yields of bromide molecules formed with
99eNb (Ty, = 15 s), ¥Ta (Ty, = 35 s) and 22Ha (T = 35 3),
respeciively. ®sNb and '%Ta were deteced via their y-lines and
262Hg by its sf-decay (see Fig. 3). From Fig. 2 we read that the
volatiliies of Nb and Ta bromide are very similar. Ha-bromide,
however, has a significantly lower volatility relative to those of Nb
and Ta. Adding BBry vapour to HEr did not change the yield curve
of hahnium.
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Fig. 1: Schematic of OLGA 1, a system for continuous separation
and detection of volatile species,
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Fig. 2: Relative chemical yields (maximum yield = 1) of Nb-5, Ta-
and Ha-bromide molecules behind an empty, isothermal quartz
chromatography column. As reactive gases HBr (Nb, Ha) and
HBr/BBr, (Ta) were used.
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Fig. 3: Spontaneous-fission activity measured behind the chromato-
graphy column with HBr as reactive gas. Based on the half-life this
activity is attributed o 202Ha.
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In the course of experiments o investigate the chemical properties
of element 105, hahnium, it was found that the volatility of HaBrs is
significantly lower than those of the group VB homologs TaBrs and
NbBrs. It was argued that possibly Ha behaves more like the pseudo-
group 'V element Pa. However, detailed knowledge on the volatlity
of PaBr; is lacking.

We have studied the gaschromatographic behaviour of protactinium
bromide in quartz columns in a similar way as for the group VB
elements Nb, Ta and Hal. The short-lived isotope 225Pa (T, = 2.6
min) was used as tracer, produced at Injector I of PSI in the reaction
58 MeV p on a 100 pglom? 282Th target. For continuous
iransportation of 26Pa a He/KCl gas-jet:system was used. Products
were transported along a 700 m polyethylene capillary 1o the on-line
gaschemistry apparatus QLGA. In order-to maintain-a flow rate of
about 1 1/min 2 pressure in the target chamber of about 4,5 bar was
needed. The transportation yield and time were found to be about
10%, and 1 min, respectively2. 100 ml/min pure HBr or HBr satu-
rated with BBr; vapour was-added to the-position of the quartz wool
plug in the chromatography column (see Fig. 1 in 1). Behind the
column, molecules were reattached onto new KCI particles and
transported to the tape counting system. #6Pa was measured with
450 mm?2 PIPS (passivated jon-implanted planar gilicon) detectors
via its a-decay chain, For the first time the data were stored in‘an
event-by-eévent mode with the PSE-TANDEM? system and analyzed
with the CERN-PAW¢ software. This allowed to identify also oo
correlations. Figures la and b show measured time correlations
between ¢-events from the 6.47 MeV decay line of 2%6Pa and those
of the 4,2 s daughter 7.01 MeV %ZAc and from %22Ac and those of
the 700us daughter 7.87 MeV 218Fr, respectively.

Fig. 2 depicts the measured chemical yields as a function of the oven
temperature using different reactive gases. Only with HBiw/BBr,
reasonable maximum yields of about 40 % were observed above 300
oC. With pure HBr and HCI the formation of the penta-halides seems
to be hindered. The experiments have.to be repeated in order to
carefully determine the slope of the yield curve for T < 300 °C with
HB1/BBr; and to try also strongly chlorinating substances such as
SOCIL,.
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Solution chemistry experiments on the complex formation
of the group V elements by exchange soivent extraction 2 have
shown that 105 element compounds behave differently from
what could be expected as a straightforward extrapolation of the
properties whithin the group. The non-tantalum like halide
complexation of Ha was indicative of the formation of oxohalide
complexes like [NbOC,]" and [PaGCl,]" for intermediate HCI
concentrations in contrast fo
[TaCigl"

The different complexing ability of the group V elements is

the pure halide complexes

connected with the electronic structure of the central ion (metal)
and a character of its inferaction with ligands. To undestand the
nature of the chemical bonding in those compounds the elec-
tronic structure of the following species have been calculated:
[MClgT [Mecl T, M=Nb, Ta Pa and Ha.

Oxochloride complexes were supposed to have Cy, symmetry

and where
and chloride ones - Oy. Variations in the bond distances and
angles have been taken into consideration.
The calculations have been done using relativistic Dirac-
Slater codeS,
As a result of calculations it was shown that Ha forms dou-
ble Ha=0O bond as in case of [NDOCHT and [NbOCIs]".

ations in the metal-ligand distances do not influence much the

WVari-
data on electronic density distribution. Results of the analysis
of the charge density distribution is shown in Table 1.
Table 1
Mulliken analysis data for [MOCI4]

Parameter [NbOCI4]"  [TaOCi4T [PaOCl T [HaOClT
n(k} 39.066 70.847 89.188 102.977
Nk} 40.163 72,133 80.132 104.282
alk,b 2.187 2.618 2.189 2.729
Q 0.838 0.867 0.668 0.718

where n(kj - nett atomic population; N(k) - gross atomic popu-
lation; n(n,k} - overlap population, G - effective atomic charge.

As in case of MClg and MBry the chemical bond strength
increases from Nb compound to Ta one in its two constituents:
the ionic and covalent, while in going from Ta complex to Ha one
the increase in covalent coniribution is partially compensated
by decrease in ionic part.

Results of the [MClg]™ complexes calculations have re-
vealed an interesting fact that in opposite to the oxochloride se-
ries in the row [NbCigT, [TaClgl" [HaClg]™ the overlap
metalligand does not increase from Ta fo Ma bul for some
interatomic distances even decreases (2.470, 2.971 and 2.048
correspondingly). Obviously the tendency of Ta to form the six-
coordinated compounds is more pronounced than in case of
hanium while the tendency of Ha to form the double bond with

nxygen is the strongest in the series (the metal-oxygen overlap

sopulations for complexes of Nb, Ta, Pa and Ha are 065, 0.78,
0.52 and 0.86 respectively).

Stability in agueous solutions is determined also by hy-
dration enthalpy , which according to the Born-Bjerrum theory
of ionic solvation is a functional dependence of 22 , where r is
an ill-defined ionic radius, or in our case the size of the anion.
Taking into account the big ionic radius of Had ¥ {0.0736 nmv ac-
cording to multiconfigurational Dirac-Fock calculations4) the
A yhyda should be the smallest in case of big complexes of the

105 element.

wh [NDOCL T (TaOCL, )

[HaOCl, 1"
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Fig.1: Energy eigenvalues of the outer electrons for [MOCi,]
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it is well known that close 1o the end of the periodic Table
relativistic effects start to play an important role influencing
atomic caracteristics such as binding energies, atonic (ionic)
radii, etc. This in its turn effects physics and chemistry of the
heavy and superheavy elements leading to altering their chemi-
cal behavior. Thus peculiarities of the superheavy elements
behavior compared to their analogs in the gas-phase exper-
iments on the volatility of the halides of 104 and 105-elements
112 have given a strong impact to investigations of their elec-
tronic structure.

Relativistic self-consistent Dirac-Slater calculations® of the
halides of the group V elements have been done to understand
the reasons for the differences in their physico-chemical prop-
erties. The objects of interest were chiorides and bromides:
NbClg, TaClg, PaClg, HéCI5 {and VCls for comparison} and
NbBrg, TaBrS, PaBr5, HaBrg. Experimental geometrical structure
(Dah) and interatomic distances have been taken for the com-
pounds of Nb and Ta. The Ha halides were supposed to have the
same geometry with Ha-ligand difference being estimated from
Dirac- Fock multiconfigurational calculations. Calculations of Pa
halides however have shown that PaClg and PaBrg molecules
are not stable in the form of trigonal bipyramide and have sym-
metry Cy,, owing to a specific hybridization of d-f-orbitals,

Data on charge-density distribution (charges on atoms,
population of valent orbitais, overlap population /QP/, density of
state data) as well as energenic characteristics have been ob-
tained as a result of calculations. in Fig.1 we present the outer
electron structure for the pentahalides of the group V elements.
in table 1 the electron density distribution data are given.

Table 1

Charges on atoms(Q) and atomic populations(q) for MClg

Molecule R(M-CHA Q dg dp a4 oP
VClg 2.19 1.12 0.24 0.36 3.28 1.74
NbCle 2.29 0.82 0.21 0.23 3.85 2.07
TaClg 2.30 0.94 0.37 0.33 3.35 2.52
PaClg 2.44 0.98 0.13 0.13 2.09 1.96
HaClg 2.38 0.79 0.58 0.35 3.27 262

The calculations have shown that the overiap population
which is the direct quantitative measure of the covalent bond
strength is the smallest in case of VCis and the highly ionic
character of this molecule is the reason for its instability.
PaClg in its turn cannot be considered as a full analog of the
alements of group V owing to the different character of 5f-orbital
bonding leading even to a different geometry. Whithin the three
full analogs (Nb, Ta and Ha) the changing of the characteristics
is not monotonous and the two constituents of the chemical
bond strength are changing in a different way. From Nb to Ta
both ionic and covalent contributio

ns are changing in the same

direction giving rize to increase in chemical bond strength white
from Ta to Ha the increase in covalent contribution is compen-
sated by decrease in ionic bond order.

To trace the influence of relativistic effects on the nature
of chemical bonding in heavy systems we analized the overlap
populations separately between all valent spin-orbitals. The re-
sults have shown that relativistic stabilization of Bpy,p-orbitals
and strong destabilization of Bpg/p-orbitals in case of hanium
halides result in total overlap between p-orbitals and valent
ligand orbitals being intermediate between Nb and Ta.

Energy equivalent of the overlap population plus ionic bond
order plus energy of ionic-covalent resonance give the final
value of dissosiation energy characterizing the chemical bond

4

strength. Improvemens made in total energy calculations

combined with ‘counterpoise’ scheme let us estimate
dissociation energies to be similar for TaClg and HaCls.

The volatility of chemical compounds is a complicated
process influenced mainly by the nature of intermolecular inter-
action in the solid state. So the small ionic constituent and rather
big covalent one for hanium halides compared to its analogs
give strong reason to believe that volatility of pure HaClg and

HaBrgshould be higher than those of Nb and Ta or close to Ta.
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Fig.1: Energy eigenvalues of the outer electrons for MCI5
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Subthreshold Production of Hypernuclel at $1S: Status of Preparations
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A set of low-pressure, MPWC counters, forseen to work in a
START-8TOP mode for two-dimensional position identification,
were instalied and the linearity of their response signals was
tested. Integral and differential linsarity was measured. For

signal processing an electronic hardware set-up was designed

crate system, operating under GOOSY control. Three options for
a hardware main trigger are avaiable: (i) single counter hit trig-
ger, (i} single track { start-siop ) trigger, and (i) two tracks-in-
coincidence trigger. Integral and differential linearity of time to
digital and pulse height to digital converters were measured:;

calibration constants for channels to time units conversion de-

oped. To be a virtually on/off line programms, it will confain
three layers of subroutines for (i} measurement monitoring, (if)
testing, and (iil) data evaluation.

A first off-ling simulation of an experiment was performed with
a 4 n type *™°Cf fission source. A scheme of the experimental
set-up is given in a companion report by E. Stiet et al., and an
example of one type of monitoring spectra is presented in fig.1.

The aim of this simulation measurement was:

]

b

C

y
}

£

to test the performance of the complete experimental set-up,
b} to get calibration constants for units conversion: channels
to millimeters and nanoseconds,

¢} to get calibration constants { off-sets ) to localize space and

time coordinate system, in which an event ( an ensemble of

d} to get a gquantitative estimate of the precision with which

space and time reconstruction of events can be accomplished.
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Figﬂ: Distributions of hit points in START-counters, Top row-
single mode; bottom row-coincidence mods,

such an estimation was made by comparing: 1) two-dimensional
plots obtained from the measured distributions of ver}exes with
the well known dimensions of our ***Cf source, and 2) the re-
constructed velocity distributions of fission fragments with liter-
ature data.

Points a), b) and c) are fuifilled; evalution of data needed fo
complete point d) is under way.

A qualitative illustration of the performance of our detection
system is given in fig. 2. bi-dimensional distribution of TOF
signals versus dE/dx signals for fission fragments from ?*Cf
spontaneous fission, detected in a complete experimental ar-
rangement.

For a few hours a gold target, 0.2 mm thick and 10 x 50 mm?
large, was irradiated with a slowly exiracted parasitic beam of
220 MeV/u Ar ions, with an intensity of about 0.5 x 10%sec. in a
large beam spot of about 20 x 60 mm?. Under such conditions
virtually no background events were observed in our counters,
and altogether ~ 800 tracks pointing to the gold target, with TOF
and dE/dx signals, characteristics for heavy fragments, were
collected.

We are now prepared to measure prompt fission from inter-
actions of relativistic heavy ions with the type of bismuth targets
pianned to be used for subthreshold hypernuclei production

measurements.
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The recently modified scattering chamber USCHI ! is now avail-

able in the High~Dose Multi Purpose (HDMP) cave, Various kinds .

of beam entrance and exit windows, e.g. 0.45 mm thick stainless
steel or 25 wm thick Kaptonm {oils, allow to run experiments
under atmospheric conditions totally independent from the high
vacuum requirements of the SIS.

As a preparation for an experiment to search for hypernuclei * six
multi-wire proportional counters (MWPC)*
movable platform. A symmetrical set-up on either side of the beam
axis was arranged such that time and position signals can be ob-
tained from one START and two STOP detectors, see Fig 1. They
allow not only a time—of-flight (TOF) measurement but also the
reconstruction of the vertexes for the detected reaction products.
The STOP counters provide also pulses depending in the specific
ionisation dE/dx of the penetrating particles. This information
used together with TOF data allow for an approximate identifica-
tion of distrubutions of the mass A and the atomic number Z of
the detected reaction products.

Gas Pressure Control Units (GPCU), using piezo electric sensors
inside the chamber, maintain a constant heptane vapour pressure
of 2.2 £+ 0.1 Torr in the MWPCs. Additional safety features like

automatic by-pass valves, connecting the gas supply system with

are mounted on a re-

the chamber, are implemented. This set-up has allowed to run the
detectors for three weeks without any supervision.

A precisely positioned, adjustable aluminum frame with the inner
dimensions of 170 x 80 x 135 mm?, located in the center between
the two START detectors, serves as a multipurpose support for
various kinds of target holders and/or detectors. It is movable
between a sluice * and the main chamber, via a remote control. For
the hypernuclei experiment 2 6.7 mg/cm? thick titaninm stripes of
42.5 x 2.5 mm?

be handled and mounted in a holder to obtain a good planarity. It

will be used as target backings. They can easily

is thick enough to stop all fission fragnients and will serve to create
a shadow in the backward hemisphere, Bismuth, 150 pg/cm? in
the search for A~hypernuclei and 800 pg/cm? for prompt fission
studies, has been evaporated onto the backing to form a target
spot of 10 x 2.3 mm? A target box carrying a stack of upto
12 targets together with sets of absorbers to stop prompt fission
products can be inserted in the frame mentioned above; see Fig 2.
Presently the beam can be monitored inside the chamber us-
ing three independent devices which can remotely be moved in
and out of the beam. A set of four scintillators with a size of
50 x 10 x 5 mm® are arranged in adjustable holders as two
pairs in such a way that two are in a vertical and two are in hor-
izontal position. With an opening of presently 10 mm between
the two scintillators of each pair they can either serve {o mon-
itor the beam halo or to find best conditions while tuning the
beam onto the target. A 45 x 45 mm? thin aluminum plate with
30 mg fem? Lumilux” " Griin RGS (Riedel-de Haén) serves as a lu-
minous screen and is monitored with a small video camera (CCD
Monochrome Image Module, Philips Valvo) mounted inside the
vacuum chamber. In a first test with 220 MeV/u *®Ar an elliptic
beam spot of ~ 20 x 50 mm? was clearly visible at an intenstity
of about 10% ions per spill (600 ms). A third monitoring part is a
CCD~video—chip which should be exposed directly to the beam.
This equipment was not yet tested since a beam well focused to a
spot of some millimeters is presently not available at the HDMP
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cave. A video digitizer together with an Amiga 2000"" computer is
able to transform the video signals from the camera or the CCD-
chip into a picture with 32 colours related to the brightness in the
original black-and-white picture. The digitizer can run with an
external trigger e.g. from the accelerator. The program provides
several options to control in the interactive way the positioning

and focusing of the beam.

! E.Schimpf et al. , GST Scientific Report 1989, GSI 90-1, p.262
? T.Krogulski al. , contribution to this report
* A .Breskin et al., Nucl. Instr. Meth. 217 (1983) 107
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Fig.1: Schematic view in beam direction of the detector set-up
with the two START C(1) + C(2) and the four STOP detectors
C(3) — C(4). The target box is indicated together with the holder
of a target. The dashed lines mark the opening angles for the
STOP counters.
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Fig.2: C(2) with an
arrangement of twelve targets and the corresponding absorbers.
The detectors, shielded in forward angles(dashed line arrow), are
illuminated in backward angles (solid line arrow) from delayed
fission process located at a position downstream the target.

Top view of the two start counters C(1) +





