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Recent microscopic mass calculations by Mglter et atl have

that thera ig 'a smail region of deformied nuclel around

neutron number N =162 that is especially stable against sponia-
neous fission with barrier heights up to a maximum of about 7
MeV. 2
calculated data a barrier height of about 5 MeV can be extrapo-

From a very recent compilation® of experimental and

of £ =507 nuclides in the W= 180 region. Earlier s

fated
a3 ohtained even s ightly

at

lations. performed: by Cwick

These rather. high barriers, fogether with

Sl
the

higher. barriers.
experimentally. observed. a-decay of isotopes of elements 106
and heaviersg lend new hope that:nuclides in this neutron-rich
region ‘may be.synthesized. by complete-fusion: heavy-ion re-
actions. “All ‘reactions ‘with .compound nuclei in the Z=107,
N=180 regian require actinide targets and-fead to a minimum
excitation ‘energy of about 40 MeV at the Coulomb barrier.
Nuclides “in this region are no more accessible in so called
cold-fusion’ reactions?. The isctope 254gg as 2 target has the
advantages that the most neutron-rich compound nuclei can be
formed, and that one can hope for the lowest possible fusion
hindrance ‘because of the highest-possible asymmetry in the
k 5 have

While earlier

entrance channel. parametrizations

strongly favoured such asymmetric combinations one does not
find such a high advantage in more recent works?.

Calculations indicate that with a fission barrier of only 3.5 MeV
the cross the 266407
the 294p5(180,24n) reaction at 94 MeV is about 1 nb increasing
to about 60 nb for a 5.5 MeV fission barrier. Table 1 shows the

half-lives and decay predictions for isotopes of element 107 in

section for formation of from

this region.
Table 1: Half-life and decay predictions for element 107 isotopes
Nuclide  tyolaipha) ty(EC}  decay of EC daughter
107-265 4s i min  SF(or EC or alpha

with ty/5=5 min}
107-266 2 min 2 -min SF-shorttyn
107-267 5 min 2 min " SF(OrEC, t4,5=10 min}
in a series of experiments we have irrsdiated a

49 ;,n.g/cm2 254pg target (81% isotopic purity; electrodeposited

onto 2 4.5 f*g”“ﬁg 8o substrate} with beams of tynloally

particie-pAh of '°0 from the 88-inch cyclotron at the Lawrence
Berkeiey Labmat@ry Reaction products, recoiling from the Es

of actinide

ratus OLGA. Afler an on-line chemical separaaiw
elements in the gas phase the transactinides were deposited
onto thin tantalum coated 0.67 rng/cm2 Ni foils, and were rotated

W. Brichle, E. Jager, K. SUmmerer

GS1 Darmstadt

CA
stepwise to seven sequential counting stations for a- and s
measurements. Stepping (collection) times of 8s-and 30s were
chosen, respectiveiy.

"
in two series of experiments with 83 MeV arnd 98 Mev of 8 jons

{energy in the target} we accumulated total doses of 1x 1617 and

ctively, T

5x 1078 pariicles, respec

R P
foulated ©

to the

evapurahon codes.

A sum spectrum from 13 runs, all with a stepping time of 30s,
and a total dose of 8.7 = 1@16 particles {93 MeV - 160) agcu-
mulated over a time period of 21.4 hours:is shown-in Fig. 1. Al
peaks below an alpha energy of 7.5 MeV can be assigned to
emall amounts of Fm and Md isctopes not removed by the gas
10%, A total of

13 events were ohserved between 8.0 and 9.0 MeV. The as-

phase chemistry (decontamination factor of 2

signment of these events 16 (1) non actinide contaminanis like
212?’0, (2} known isotopes of heavy elements like Lr-257,258 or
105-261,262, or (3) a new isotope has fo await a further and de-

tailed analysis which is in progress.
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tained in the chemistry.
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Search for Exotic Heavy Nuclei Using Futherford Backscattering
K. Lidtzenkirchen and S, Polikanov, G5! Darmstadt
rautmann , Universitat Mainz
A search artic For illustrating where to expsct

nature Is being carrisd out by ents scattersd from heavy

(i} nuclel containing heavy particles {mass 10 - They indicste the TOF of the beam
10%GeV) producsd in the zarly het universe /1/, scattered from nuclel with masses A=300 an;ji A=1000
{ii} ‘'strange matter’, i.e. matter composed of u,d,s- amu. The forementioned beam contamination, (2 ) (see

o

ey,

equai proportionsg / ot B

s

fiii) W&rsua anic nuclei with A=300 amu v

s A Iy
in Monazite.

v heavy n

attachment @f 2 *;gﬁt { Ae:i(;@‘\/ 3 @Eementary pamm Most of the events in Fig.2 are "*Ge-ions backscattered

cle. from ***Th and 2%%U. Assuming one messured event
ThHe aim of the experiment is to investigate low-energy from an anomalously heavy nucleus, and taking inte
heavy-icn backscattering ( E/A = 1.4 MeV/u ) from var- account the concentrations of Th, U and rare earth
jous natural samples. The scattered ions are detected elements in our particular Monazite /4/, we obtain an
by means of low-pressure Multi-Wire-Propeortional-Coun- upper limit of m»@ reiative to the number of rare-earth
ters - (MWPC) /3/. The detection system will consist of nuclei. Accordingly, this gives an upper limit for the
four Sx21 cm?® position-sensitive Start-detectors placed concentration of Sﬁi‘?%?"hé?ﬁv‘f relic particles { hypothesis
around the target, and eight 28x28 em? position-sensi- (i) ) of 3.5410° ! reiative to the total number of

nuclgons in the target.

talled 2t 3 50 om dig

tive Q*@m«f*efeﬁ"ﬂrﬁ ir

Stop-detectors contain an additional 4E-section to meas- /1/ J.Elis et al., Nucl.Phys.B177 (19871} 427

th ific jonization. /2/ E.Witten, Phys Rev.D30 (1984) 272
ure © speciiic jonization . " /3/ A.Breskin et al., Nucl. instr.Meth.217 (1883) 107
With both Start- and Stop-detectors being position-sen- /4/ B.Stakemann, Qipiamarbe t, Univ. Mamz (1977)

sitive, it is possible to perform a track reconstruction

of the detected particle, and to check whether it origi- TOfi st
nates from the target. Measuring both time-of-flight 200 ]
(TOF) and AE enables us to separate scattered ions
from fission fragments (spontaneous fission) and from !58: ]
beam-impurities (see below). ] 1
A prototype of the detection system, consisting of a
Start- and a Stop-detector, has been tested with "*Ge- 100
and 2°*Pb-beams using a thin (200ug/cm?) **7Au- and
a thick Monazite-target. The measured characteristics
are : 501
Position resolution : 0.7 mm FWHM

Local TOF-resolution @ 1.0 ns FWHM ’ " R i N " -
100 110 120 130 140 150 180 170 9 ldeg

Fig.1: Time-of-flight TOF versus scattering angle 8 for
iGe *1PTAG around 6513587 at 1.4 MeW/u. The line is

AE-resolution : 17% FWHM

Fig.1 shows the dependence of TOF on the scattering the raleulated TOE for 384, +1574,,

angle 0 in the case of "*Ge-ions with incident energy AE (channels)

1.4 MeV/A backscattered from a 200ug/cm?® **7Au-tar- 1000 i ‘ o ! j
get . The events with short TOF correspond to a =0.2% %mﬁ f‘kmg (ﬂ”ﬁmg

contamination of the beam with A=40 amu, probably 200 HL é

e from the ion source. The line represents the cal- . A

culated TOF for *%Ar, including corrections for the 600 1 @}

detector foil thickness. kA

The same *®*7Auy-target was *Ph- o /g;/

jone . With 10%* beam par was 400y~

observed at an angle of 130°. This indicates that no ]

severe problems should arise for the planned exper- 200

iments due fo mu scattering. @

Fig.2 shows the iE-versus-TOF dependence for the 90 &0 B0 80 W00 20 4B W0 We 200

=

scattering of 7*Ge on & thick Monazite target. The Fig.2: Energy loss AE versus TOF for "*Ga * Monazite

irradiation time was 16 hours at an average ion-current sround 521359 2t 1.4 MeV/u
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resctions by.a new reaction channel. - due process. itself restricts to central
sion .~ which approximately. edu : wo ore, the apparent discrepan
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forming a compound rucleus.

Even for lighter systems such

PEEPE it was suggested®) base
|

tion* would predict-an extra-extra push of the order of
10 MeV, at variance with the results of an an ysis® of
evaporation residue cross sections and of the fission
excitation function in this reaction, where no avidence
for a dynamical hindrance of fusion was found.

We have measured angular distributions of fission-like
fragments with  specific charges in the . “°Ap+27¢pp
reaciion at Ecmi‘?% and 172 MeV using catcher foil

unusually farge angular aniso (%) g A e B
was .contaminating the. compound-nucleus fission e 26 o PP g e T f
ment angular distributions, thus lowering® the empirical - ﬁ%wag,ﬁf@" ° ;§ j
threshold X" ihp from about 0.7% % t0 0.63. For the in- o 15l o Wats T /
termediate system  *PAr+292Ph. this new parametriza- = T o gy,
- @ 4oy ;;r 5/
i

b
o

e
o
g
S
3,

¥
<3
[
13
S —
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7

techniques and K-Xray spectroscopy’. The cross sec- L
tions d?0/dZd0 are symmetric around 9530° over z wider -
range of charge numbers as compared to the *°Ti ar 050 0.55 0.80 $2Z 0.70.475 0.89
*¢Fe bombardments, however, “with increasing charge K

asymmetry, left-right asymmetries arcund 6=90° become @ T T ]

FRDRTT X I T T ) )

visible” . “This proves that; even for *"Ar+2P*PL colii- Hpe88y B, 07 0y, S

a

sions near the barrier, quasi-fission competes with true 5 Rz, sz, Sz, sy ;
compound-nucleus fission. This is corroborated by the o ey, Pingn g, 0, ey /
angular distributions for the near-symmetric charge i & ey g ;
splits that are a factor of 2 larger than predicted by L ey

the standard saddle-point model. o tgestng

in order to estimate from the differential angular dis- @ Bage P 7

tributions d*o/dZd6 what fraction of the total fission
vield is due to compound-nucieus fission we have
decompesed the angular distributions into . an equilib- T
rium component as given by the standard model and 2 - - T i
quasi-fission component characterized by formulae giv- g0 / §
en in Ref.1. For symmetric charge splits the relative
yvield for compound-nucleus fission i§ elose to 50%; it F L ,
decreases for more asymmetric splits to smaller values, 050 0.55 0.0 6.65 0.96 6.95 6.60
e.g. % ¢ Koy S 5% at Z=72, thus indicating that the &9 R

7 g

[ Ep / Egy } V2

mass(charge) distribution for the quasi-fission reaction

i il } that for smound-nucleus flesio T - . .

!si wmsﬁer ain;,..a‘ :e;dgimpedr:u nb“';”” ’;“*Unfl Le Fig.1 : a) Square root of the extrapolated dimensionless
integral, rea@ Ve yie Og compoun chucleus rission quantity E__/E . for central (g=0). céllisione as
resulte 2z 15% 2 w2 499 and the ! ’ KX 5

i

o g anguiar ) [ Lo .

o extracted® from fission-fragment angular distributions
momentum as 22h < EC; < 38h. in the framework of the vs. the system parameterg " (qu The result for
extra-push model® this is-equivaient to sn extra-extra i
push energy for compound-nucisus formation inside the
true. fission . saddle point of 4. < Ex < g MeV - after

“PArTRIERL of this work is aleo indicated: b} -Same sys-
tics based on fusion-evaporation residus cross sed-

The solid lines are theoretical predictions® fér
i ithin the ' Cheotic ‘Regime Dynam-

extrapolation to 2{;?\;3(}, Fig.lz shows that this result is

consistent with ‘the results of Ref.4. On the other
hand, see Figith, “the “evaporation i

. o
sections® for reacti K. Litzenk
ti and Nucol.
compatible i . aﬂéi ;u’,s;
fusion W..J, Swi

P S Bjsrnhol
“B.B.Back, P
dggeler et

S22 ol o]
systems of 53

pound-nuclet

more . severely- hin & £
tioh. followed by T 4. Keller ot al
5 700 (1 3

g, (1

inn which this
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126.0 .8 447 O &

131.0 1.8 47.4 126.0 .3
fione 136.0 94.5 48.0 132.0 .8
resction toward a poriipn 161.0 3.6 45.2 157.0 2
reaction toward a oun ; 1770 768 47.2 173.0 P
metry for resctions with the **Fe p“fzﬁeoum, i 7 W%‘w P@"g 473 b

k = . a3 £
a progressively ir am;:«?em‘:e‘ mass ssymmetry e ©r s SR -0
and decreasing reaction t E increasing . o X N ) )
number . = Tab.1 : Centrsids of isctope distribution and fragment
. ) weitation e ies in the 54Cpe208 &
For fixed values of Z the centroids of the (gaussian] excitation energies in the **Cr Pb reaction.
PRy . e & a ,

isotope c?zstmbutmn hold & surprise: Consistently, for “minima of the potential energy surface including shell effects
all reactions at these e«xﬂ*eme?y iow bombarding ener- bf full ; d total kineti )
i PR A e r et
gies we find that guasi-fission M“@gm rnts that ha or fully relaxed total kinetic energies

beeh produced from the pmjecu%e by taking up mass
from the target are several mass units mors neutron- ~de-

ficient than txpeciegz . i a for hea
fragments produced by stripping nucleons from the
target are less complete but there is evidence that

these are more neutron-rich than expected , see Tabile
1. The expectations® are based on potential energy
considerations and simulations of neutron evaporation
from the excited primary fragments involving the cru-
cial assumption of a (thermal) division of the total exci-
tation energy in proportion to the fragment masses.
The data lead to the opposite conclusion concerning the
divison of the total excitation energy: The lightest qua-
si-fission fragments carry the highest excitation ener-
gies, at symmetry the fragments chare equal amounts of
the  excitation energy, and the heaviest quasi-fission
fragments are essentially cold. The fractional excita-
tion energies as a function of Z are depicted in Fig.1

for the ®°Cr+?"®Pb reaction. These results are in
ement with our previous observation® of cold
below-target products in the “*Ca * 2**Cm reaction.

Thus, hoth sets of data, the present one and those of
Ref.4, consistently suggest the following mechanism:
For the initial phase of the mass drift from target to
projectile there is a highly ordered transfer of nucleons
from the cutermost orbitals of the target nucleus into
‘?izf:\,uﬁu’:‘sj orbitals in the projecti ieaving cold
core of the target nucleus and & projectile-like scceptor
nucleus with as manv particle-hole excitations as parti-
cles were transferred. With incressing mass deift {i.e.

a

[P
H-

>10 protons and >30 neutrons) the matiaﬁiy hzcghf
wdzr%d one-directional mass flow gets increa
rancdomized, so that an equal whare ot the total excit
tion eﬁergy is Gi‘"dqm%y Elel=1y mcﬁ

S%m:, an

2ner

tile Eﬂd t rget are b

mu,gh
[} %”?auve it

o] . e PRI . .
assuming division of Etc»‘f in proportion to the masses

a L &
“calculated from © and
.sec

®these values are consistent with <AL
Lo

23 -
e ferpoeratiss equlibrium
(533 T i
%
L i Z 'g"
% aal 1 § 4
Wogel ; MWMM;‘ N
st " 111 5 1
- 1 i I?
=4
L I3
&4 : . : il
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ATOMIC ?@%@%&Eg oF F’E%‘@@M F’QA%>,
Fig.1 Division of the total excitation energy between

the two quasi-fission fragments. The solid line repres-
ents the temperature equilibrium were the total excita-

tion energy is divided in proportion to the fragment
masses. The data are for 4.9 MeV/u *°Cr+?°°Ph.
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in order to assess possible reasons for these deviations angular
distributions of the in-tranfer products were measured ln the
much less  deformed  but  also sy

v fa7

Piau + YAy at beam energles of 5.08

pro"mumed bending near Gpap = 180%

29 . T
238y 4 238y cotlisions.

Howaver, a nint of all

, 8¢ sfer nroba-
bilities from the angular distributions in the reaction
WAy + ¥4y {fig. 1) does not have the expected sirict expo-
nential dependence on d,. Agreement with the theory is ob-
tained if only the tranfer probabilities within the angular range
90 = B S 1159 are taken. This {it is shown as solid ling in
fig.1 and the siope 2o = 1.18 im™? coincides with the expected
value 20 = 1.19 fm”! deduced from the ground-state binding

energy of the transferred neutron. As a conseguence the differ-

ential cross sections for the more central collisions are some-

remaing open whether the sh

e-nautron frangler contains

nucleus-nucieus potential

transfer produd

ratory angle & = 459

5.85 M and at the ia

shows that under kinematical conditions where peak struciures

nuitinuclecn ransfe

Eiey o

tha role of nucle

EXP 5.06 Me¥/u
F1T
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Fragmentation

W

i

beavy fragmenis {MHF} in the mass range 20 <
system T AU~ ¥ Ay'at bombarding energles < 15 Me Ju.
showed that production of MHF in the first, binary step of 3
deeply inelastic collision (DICY can be ruled o

factor of two.

¥ fu-targets were irradiated o cylindrical scaftering
chamber, and the resction products were collected in stacks of
catcher foils and identified by off-line y-spectroscopy. We ob-
tained crude angular distributions {front, rear side and ma
of the scattering chamber) and range distributions in the for
ward direction. Summation of the cross sections sheeived in the
foils yielded fntegral produciion ¢ross seciions which were used
to réconstrict the mass and charge distribution of the reaction
products.

The experimental distributions of the MHF among the
catcher foils were compared to theoretical ones which were cal-
culated under the assumption that the MHF eriginate from se-
quential fission of a gold-like product of a binary DIC. The cal-
culatione were performed with a schematic model which was de-
veloped by Glissel et al? and is able to reproduce their data
on sequential fission in the system 2°%e + 1228 at 12.5 MeV/u,
We considered two cases: equilibrium fission and fast fission with
proximity effect as observed in ref. 2. The latter reproduces the
data for 35 < Z < 45. However, both cases fail to describe she
MHF data, as is shown in fig. It Equilibrium fission predicts
too large cross sections at high velocities in the forward direc.
tion and on the rear side of the scatiering ch
in fig.3.a}. These shortcomings do not depend on details of the
model, e.g. spin of the fissioning syster or the time mterval be-
fween the reaction steps, but can only be overcome by asssuming
fast fission with extremely asymmetric angular distributions of
the fission products. These assumptions, however, predict high
cross sections in the vi
fig.1.b}, which.are not found in the data.

Allernatively, the MHF dats were compared to the predic-
tions of the brezkup model by Aichelin et 518 Fig. 2 shows the
resulf: The experimental distribution iz reascenably described
without adjustment of any para i

&

distributions of the MHF among the

tle

mber (hetched are

& LUSIened ares

ity of the cm-velocity {hetched area in

E a a three-body
reachion bul by a process with higher multiplicity of the reaction
products.

The large absolute cross sections for MHF polnt to the same
conclusion: they are about twice a < 3 i
muates for sequential fission, even if
is taken into account.
however; it is possible t6 veproduces the b d
16 < Z <18 with an integral cross section for breakup o
180 mbarn, This is due to the high multiplicities predicied by

%

kS

so1 of this rai
n of 4.8 barn

» the mo

tions b £
2 maximum

=4

It is tempting to conclude that MHF in' the systern
TAu — TAu at 18 MeV/u are not produced in seqiantisl
fission, but in a process which resembles the cold breakup as de-
fined in ref.3, e, 2 mechanism with rather high multiplicity of
reaction products,

Beferences:
/1/ Th. Blaich et al., G8I Scientific Report 1983,
GST 84-1, 1.33(1084)
/%] P. Glassel et al., Z.Phys. A310,189(1083)
/37 3. Aichelin et al., Phys.Rev. ¢ .107(1984)
Th.Blaich, doctoral thesis, University of Mainz 1987
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while data

aats

bilities compatible with expectations from the statistical model
[4]. Three-body exclusive experiments (5] confirmed the two-
step nature of these sequential, fission—like reactions, howev
they established a fas sequential fission such

Ty

time scale for the

that both angular and velocity distributions of the fission frag-
ments were modified by a Coulomb final state interaction due to
the proximity of the partner of the first, deep-inelastic reaction
step. It was also shown {8] that these pre~equilibrium processes
have a tendency for asymmetric mass splits.

Our data [2] for the reaction *7Au —'*"Au at 16 MeV/u
ssam to indicate a similar proximity effect. For a realistic sim-
ulation of the three~body or four-bedy Coulomb trajectories in
these collisions it was essential fo know the defiection function
for Au-like fragments because the deflection angle as a function
of TKE would also tell us the locus of the source of sequen-
tial fission fragments. Hence, we have measured the deflection
function in an additional one-body inclusive experiment in the
reaction *7Au %Ay at 15 MeV/u. The reaction products
with atomic numbers ranging from 35 < Z <79 have been im-
planted in a stack of 10 catcher folls which covered the angular
range 3.5 < @ < 35 degrees in the lab frame. Fig. 1 shows the ve-
locity diagram for gold. The catcher foil positions are indicated
by their limiting laboratory angles and limiting velocities. The
latter are derived from range-velocity relations. After the bom-
bardement the catcher foils were cut into pieces representing 3.5°
slices of laboratory angles and measured by off-line KX-ray spec-
troscopy. From the distribution of the KX-ray activities in the
catcher foils we deduced the centroids of the distributions in the
Utas; Diap—space for every Z. The data shown in Fig. 2 display the
locations of the centroids of TKE versus CM deflection angle dis-
tributions for all measured . Nuclear reactions begin with very
low energy loss and large cross sections for neutron exchange p
cegses. Increasing TKEL is then associated on the average w

. . s s

+ s

an increasing loss of charge. This i to a deg 5
higher charges both by sequential fission and charged-part
svaporation. For all energy losses including the completely re-
laxed events, corresponding to an energy loss of > 1 GeV the
cross sections are rather sharply peaked at the grazing angle
6, = 27° Even at the highest energy losses the binary process

remains the dominant reaction channel. Fig. 3 shows the an-

gular distribution at different TKE, 480 < MeV
and exhibits the fa i i i ibution

) T |
107 Comps

damped events reflecting strong focussing over the whole range
of TKEL.

For & < 47, the well developed grazing peak vaniel
Fig. 4 shows the KX-ray intensity di tion for £ = 3
the velocity space exhibiting a Coulomb-hole ag 2 clear
of fission.
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An On-Line Chemistry for Element 107

E. Jdger,

o
Laas b Larmn

To search for isotopes of elemant 107 in 1
I

2‘)4[0

iments with as a farget’ an onvli

produced with or
The estimated hali-lives for g-and EC- ~clecay are betw

10 minutes. We developed on-line separations in the gas-phase
in close analogy to the experiments carried out In Dubna by

workers?4, The separation is based on

ng of the systematics of

chemical behaviour the 107-oxides am axpected 0 have a simi-
volatility as the Re-oxides have,

In & first series of off-line experiments we irradiated Qeog

powder with neuirons in the Mainz Triga Reactor, dissoived the

4

oxid -in nitric “acid, dried aliquots in a quartz crucible and in-
serted it info the thermochromatography tube to start the chem-
istry. A temperature gradient along the guartz tube between
1050 °C and room temperature was adjusted. We studied the
influence of the following parameters on the formation of differ-
ent compounds and thelr condensation temperature in the
quartz tube (position determined by y-spectroscopic assay): He
or Ny as an inert carrier gas, flow rate of 0.75 and 1.5 Vmin,
Op content of 5 and 30% (volume), Hs0 content betwesn <50
and > 1000 ppm, and the duration of the experimeant between 1
and 30 min. Most important were the ohservations that {(yin 2
dry atmosphere (<50 ppm Ho0) only one component at about

b
420 °C condensation temperature, T, was present, (2) in a

H,0  containing {= 200 ppm} a second

2

(T, = 120 9C) and third {T. < 40 °C) component with an

amount of about 50% of the iotal intensity was present, and (3}

atmosphere

that these results are rather insensitive to changes of all the

} investigated. To

=

sie, 02 contern
with carrier free fracer activities we

produced 181"184%3 in an irradiation of a W-target with protons

evaporated at 1050 °C from the W and ¢

which was later inserted into our thermoc
umn to start the chemistry under the same cor
tioned above. From these experiments we
the component at T, = 420 O on a quartz surt

ent of the HoU content in the gas. Within

shortest time used in off-line

of less than 3s. To find the best suited catcher material for
107-oxides on the gas outlet of the thermochromatographic col-

the aqu

fubs 1o

ossibly observe an increase of the condensation temperature
¥ P

While from Fe, Ti and Zr no significant changes could be ob-

i, Schadel

slgclt

ducts were thermalized in & 1
wars tgamspart@d by a He jet containin

75 Hmin tn oy

rawing of

the

system, is shown in fig. 1, All clusters are de stroyed in a guart
wool plug kept at 1050 C. A flow of 02 Uimiln 05 was added to
the He in front of the quartz wool to form a volatile oxide of ale-
ment 107 while the non-volatile actinides are stopped in the
quartz wool. As the water confent in the gases was kept below
100 ppm we are expecting only one volatile compaonent, the
107-trioxide, with an estimated condensation temperature: in
quartz at about 400 ‘3’". The thermochromatographic coldmn
was Kept above this temperature to condense the activity onto
a thin, Ta-coated Ni foil facing the outlet of the quartz colurmn.
The Mi foil was cooled from the backside with He which was at
liquid nitrogen temperature. The caicher foils wers rotated
stepwise in front of pairs of surface barrier detectors for.an
a-particle and sf assay. The data aquisition system normalty
connected to the MAD whee!” wa $ used for data accumulation.
With the
1761786 from the reaction of 150 with a He foil mounted be-

final set-up the chemistry was checked again with

tween the 9% target and the recoil chamber. The fransport

ency was determined t6 be 58% and the of
cluding the condensation was 100%,

M. Schadel ef al., contribution to this report
\JP Domanov, 1. Zvara Radickhimiya 28, 770 (1984)
- Domanov et al., Report JINR P8-84- ?68 Dubna 1981
I. Zvara ot al,, Report JINR P6- -82-616, Dubna 1982
R.J. Dougan ef al., Report UCAR 10962!55 1 {1586) p. 4-50
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Fig. 1. The set-up for tha slement 107 chemistry is shown
schematically in our On-line Gas Phase Chemistry Ap-
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The lonjic Radii

R, Silva et al. Nucl.Chem Letters §,733 (187
h £=VR A,) Zz?@ (197’ }

. Mugent et al. Phys.
J. Brewer J.Opt.Scl
PA Desclaux et al. J.P
L. Keller Radiochim
. Marcus, A8, Kertes
fMeatal i:@mm CEN

oY LR B D PD o
B

ex UERD -an G aratsch Jod. Lagowski J.
be broken with tﬁ a;d of ‘ne m,m ~"% EH cyue nte more simple o, Hps, RJ.P. W éma“qa g1t Q&”;Q{j Chermistey”,
components™: the heat of srmvm@iemz fﬁH b the ionization (*Xf(‘rzﬁ University Bress, London 1965 vol.2, p.160
energy {/_\H!D}, and the %’seat m nydrahon Lwi}hz The first can

e measured by gas ¢ raphy, the U”waﬁfﬂ‘x enargy can

mEy be calculated pr eseﬁiéy. T‘;sa latter cen be deduced from the

ionic radius via the determination of the e position from & Figure: fion of 7T
hromatographic system. The elution position is related to the and of *Lr {data pol
distribution coefficient K between the mobile and stationary (2.0 x 60 mm} with 0
nhase, Fm’ Qqua?!y charged ions of the same coordination the

log Kgy fa iinearily dependent on the lonic radius”.

© o

E’;?

475

£r, %o tracer activities Fm;rw;:a}
n ts} fromm a cation exchange column
A2 M HIBA.

(‘)

0y (T,, = 3 min} and lighter actinides were produced at the
LEL Sé{mcﬁ Cyclotron by bombarding a *®Bk target with ) .
() jons. Products recoiling from the target were transported by fraction size / drops
a Helium-jet to the surface of a frit in the head of the 0 45,67 ] w1
micmpmm;n-%or - controlled Automated Rapid Che‘ és ry Appa- (A B B B
ratus, ARCA’. After 10 min accumulaticn time these products
were dissolved in 0.05 M q~hydrexéwxsc;~bmyrsc acud (HIBA) of Zﬁﬂu 255 ZS&M@
pH = 4.85 and loaded on top of a cation exchange coiumﬁ 103 wm
(2.0 x 60 mm) packed with Aminex A6 resin. Dufing th foad- g % H
ing procedure the jet was bypassed, and tracer activities /‘“Tm é 0
iEr, **Ho} were added. Then the reaction products and tracers
were eluted from the column with 0.12 M HIBA at pH = 4.85.
Fractions of increasing volume were collected on tantalum
disks, evaporated to dryness and flamed before transferring
them to the counting system. After the slution of Ho the column
was stripped with 0.5 M HIBA at pH = 4.85 and '@gemra‘{e’*.
Setting up ARCA as a symmetrical twin system with two cation
exchange columns allowed for 2 high repetition rate by proc-
essing both columns alternately.

i
diateiy after the elution in an a.?ay Ge‘ 10 8ilAu) sur?‘.ce barrier ] f
detectors. The average time difference between end of the cob 1h / ! ; ‘\TG. Vi
lection and start of the counting was At & 3 minfort he samples / / /
containing L. **°Lr was detected in t -particle spectra as / / Ny I
single events at 8.03 MeV. Their n s rgm;}dmn@ Lod p— . .
w;fﬁ a hall - life Tx/ u i
.
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Lawrencium: No Evidence for Lower Oxidation States than 3+ in Agueous Solution’

UW, Scherer, J.V. Kratz, N, Trautmann, 8. Zauner

institut fir Kernchemie, Universitidt Mainz
M. Bchidel, W. Brichie
G2l Darmstadt

element 103, is the 5%1 mier
series awd its chemistry hwia b
homaolog, lutetium, One w t
would stop with the 5 ' core ints
trivalent oxidation state of Lr. Silva e€ al.” in me only chemic
experiments. with Lr performed fo date have confirmed this v
lence Sa@!&

tavy
tronic ﬁﬂfguratwﬁ amoug
figuration, af has «;em confirmed by multidiy
relativistic Gfi"ﬁﬁwr@yk caiculations® where i‘“hé new ground state
configuration results from strong relativistic effects on the 7 By,
orbital. Furthermore, Brewer has pointed mut that the 7s? closad
shell. iisell might be suffectemiy contracted and stabilized by
refativistic effects making it an “inert core’ so that only the Tpy, .
electron may :@n‘ze under reducing conditions to produce Figure: aparticle spectra of the trivalent actinides (1) con-
monovalent Lyt taining 13 events of *™Lr at = 80 MeV. Spearum {2
represents the reduced actinides, i.e. Mg

[y

N

Mseﬂ% fic Report 83, G81 84-1 (1884)

L, Science 158, 186 (1967)

We have searched for this u"maudi oxidation state in aqueous
solutions using Cr** and V** metal ion as reductants. in case of
the reduction of L™ to Lr™ the ions become targer and have
obviously less charge. This can be made visible by extraction
chromatography - with . di(2-ethyl hexy%}ﬁrih@phasphorm acid
{HDEHP} for which the affinity for metal ions depends sensitively
on the size and charge of the ion.

The 3 .min isotope **°Lr and lighter actinides were produced at @\

TEMz-6 S

the Lawrence Berkeley Laboratory 88-inch Cyclotron in transfer
reactions between "*C and 2*°Bk. The reaction products recailed 1600+
info a volume of He gas saturated with an KCi aerosol. The
Helium-jat transported the activities into E‘ne head of an Auto-
mated Rapid Chemistry Apparatus, ARCA® where the aerosaols
together with the reaction products were collected on the sur-
face of a guariz frit. The collected activity was processed
batchwise after 9. min accumulations. This involved the dissal
ution of the activities from the frit in 0.3 M HCI containing
0.01 M V* or Cr** as reducing agents and pumping this solution
over a first HOEMP column (1.75 x 40 mm) where monovalent
and divalent lons passed through while t‘ne trivaient actinides [1] — o - !
were strongly absorbed on top of the column. '?heeff%uemfmm e~ FERM NN RN WA AN NS N NS VR SRR F RN
the first HDEHP column was contacted with H so that the re- 50 5.0 70 1] 90 0.0
duced actinides were re-oxidized (except for ﬁo to the trivalent a-energy / MeV
state. These were fixed on a second HDEHP column which was
subsequently washed fo remove No* and the oxidized
chromium and vanadium metal ions. Both columns were then g0 N
stripped with 4 M HCl, and the eluting actinides in both cases
were collected on tantatum disks, evaporated {o dryness and { Z )
counted for a-activities. Counting of the samples started 3 min
after the end of bombardment. The microprocessor - controlled o
Chemistry Apparatus then reconditioned the HDEHP columns, 2
Simuﬁaneaus!y, naw acﬂvxty had been coliected smce washmg %
E
3

e
Fm-2521-255

S
g
— Fm-254

Fm-250

oy
[l
=

counts/channet
1

¥

)

Mg - 255

c

of the frit was finished. When the calumns were In the in
state a new separation cycle was started automaticaily.

The figure shows the sum of the e-particle spectra from 30 rung
with Cr* as reductant. In the unreduced fraction, basides
ctivities of several Fm isclopes there are 13 events with enor-

gies compatibie within resolution with the 8. ﬁ3 MeV a-energy of - - -

*9Lr and with 2 time distribution compatible with its 3 min | P (“n "

life. The reduced fraction, on the cther hand contams the "\/‘ﬁ 78 Ev sU 100

products in the 2+ state, as expected” |, but no *°Lr, since we & - energy/ Mev

cm%d not detect & single e-particie in the energy range between
and 8.5 MeV. Obvicusly, we wera not able to reduce Lr even

v the stronger reductant Cr** (B - 0.41 V).

m order to estimate an upper Himit for the reaucﬁssﬂ poteniial

ugling the Nernst equation we have to know the actual concen-

tration of our reductant. This can be done with the aid of our

previous fests, whare wa d E¢®* to the EUM state

B¢ = - 0.35 V). This results in a = 0.005 M Cr** solution,

Since zero observed events of Lr are compatible with 3 events

at a 85 percent confidence level for Polsson statistics we obtain

L]
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Depanding on the ground state  confliguration Lr should
chemically behave as an actinide element (564‘} or similar to
thaliium {6‘;}17. xperimentally actinide slements and p-elements
can be separated by a gasphase chamistry technique similar to

2, In this

that developed in the search for super-heavy elements®.
work a quartz chromatography tube with a graphite piug and an
inert gas/hydrogen mixture was found to be the most favorable

condition to volatilize p-glements and o retain actinides,

Another possibility to separate Lr(p) from actinide elements is
the gas chromatography In metal columns, Mode! calculations
by Eichler et al. predict adsorption enthalpies of actinides on
various meatals® . For Lr the enthaiples are given for the p- and
the d-configurations as 187 kJ/mol and 749 ki/moi® for the
adscrption on platinum (best cholce for Lr{p)). Other actinides
all have adsorption enthalpies above 400 kM/mol on platinum.
An adscrption enthalpy of 187 kd/mol at a column temperature
of 1300 K gives short retention times (seconds) whereas

400 kJ/mol corresponds to a very high retention time of > 105
min.
The following expariments ware performed A

order to produce Lr-2680 in an {(e,3n) reacti
ducts were transported with a KCi-gasjet (Carrier gas:
He + 4% hydrogen) to an isothermal gaschromatography ap-
saratus, see Figure 1, In the first set of sxperiments a guartz
tube with a graphite plug was kept at 1370 K. In the second set

a platinum tube with g graphite plug was used. Element &

o
i

under these conditions migrated out of the chromatoaraphy tube

into & gas chamber where they were attached to new KCl aer-

osole from a second gas-jet [reclustering).

@
9
iﬁ
ﬁ
&
E?

wag fed into the MG-sysiem where the aerosols

Breliminary analysis of the data allows at the moment 1o draw

the following conclusions @ In the guariz/graphite experiment
aipha-activities from Po-211m and Bi=211 were identified on the

from  the 6&h p i the

MG-whee! {(p-elemants
platinum/graphite experiment no activity was observed on the
MG-wheel.
sotinides was found. These experiment therefore did not give

tn both experiments no activity attributable to

any avidence for Lr as a volatile p-slement. A further detailled
analysis of the experimental data, and possibly further exper-
iments, are needed for a final and conclusive answer to the
question of the ground state atomic configuration of Lr.

1. Bl Keller, Radiochimica Acta, 37, 169 (1984)
2. W. Bruchie et al,, J. Less-Common Metals, 122, 425 {1986).
3. B Eichler et al. F?epmr?: ZTK-560, Rossendorf (1985).

4. B. Eichler et al,, to be submiited to Radiachimica Acta

MG~Sys
tatal or mnugmn Wheex}

;C‘iuartz Tube

a o /

Gag-Jet o
{He/Ha, KCl 1%”;{%% Capillary

&

AY
Raciusterunit

Graphite

Surface Barrier

EWR-0E- 871 Detectors






