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We nave successfully performed the first experi
ments on the chemistry of element 106, seaborgium 
(Sg). Furthermore studies on the production and de
cay of265,266Sg were carried out. The main emphasis 
of our experimental program is to study the chemieal 
properties of Sg, and to compare these with extrap
olations in the Periodie Table and with predietions 
from relativistic calculations. In addition, our ex
periments add new information about increased nu
clear stability in the region of deformed shell closure 
around N =162. 

Recently, a Dubna-Livermore collaboration [1] has 
discovered the isotopes 266Sg and 265Sg as products 
from the 22Ne on 248Cm reaction. Half-lives between 
2 sand 30 s were estimated from the measured 0::

energies [1]. These half-life estimates, together with 
cross sections of the order of 100 to a few hundred 
pieobarns, made this reaction, and especially the iso
tope 265Sg, a promising candidate to perform chemi
cal studies on Sg. 

Our first aim was (i) to identify the isotope 265Sg, 
and possibly 266Sg, after chemical separation, (ii) to 
obtain first information about the seaborgium chem
istry, (iii) to get a first measurement of the half-lives 
of these isotopes, and (iv) to confirm the cross sec
tions given in [1]. 

To optimize the chemieal separation procedures for 
Sg a number of experiments have been performed 
with Mo and W, the light er homologs of Sg, and 
with U as a hexavalent pseudo-homolog. In addi
tion, tracer activities of Zr, Hf, and lanthanides were 
used to study the chemistry of the unwanted elements 
rutherfordium, Rf, (Z=104) and the actinides (see 
contributions to previous Scientific Reports). 

All targets were prepared by electrodeposition 

techniques. First, we used targets of about 0.15 
mgJcm2 248Cm while the main experiments were car
ried out with a 0.95 mgJcm2 248Cm target. During 
aU experiments, the 153.8 MeV 22Ne beam from the 
UNILAC was degraded in energy by a 2.67 mgJcm2 

Be vacuum-window, 0.65 mgJcm2 N2 cooling-gas, and 
the 2.65 mgJcm2 Be target-backing before the 22Ne 
entered the target at 122 MeV. The energy in the 
middle of the target was about 121 MeV. HIVAP cal
culations [2] show that the excitation function for the 
production of 265Sg peaks in this energy region. Typ
ically, the beam intensity was 3x 1012 ions s-1. 

N uclear reaction products, recoiling out of the tar
get, were thermalized in a He-atmosphere ofthe recoil 
chamber and attached to aerosol partieIes in the gas. 
The flowing He transported the reaction products to 
one of our three experimental set-ups for chemieal 
separations of Sg. The transport efficiency has been 
optimized and checked with 169W produced in 22Ne 
on 152Gd. During the experiment we frequently mon
itored the transport efficiency by measuring transfer 
products from the 248Cm target or from minor light er 
element impurities in the target. 

The Automated Rapid Chemistry Appara
tus, ARCA, [3] enabled us to perform 5072 cyclie 
column liquid-chromatographie separations with a 
cycle- or collection time of 45 s (60 s in 1172 sep
arations). KCl served as a cluster material in the He
jet to transport continuously the reaction products 
with a yield of 45 % within about 3 s to the collec
tion site in ARCA. At the end-of-collection, 0.1 M 
HN03J 5x10-4 M HF was used to wash all products 
onto a (8x1.6) mm cation exchange column filled with 
Aminex A-6, 17.5±2 pm. In this way, a Sg fraction 
was separated within 10 s. A typieal elution curve ob-
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tained with carrier-free W-tracer is shown in Fig. 1. 
A good separation is achieved from di- and trivalent 
actinides and group 4 elements, including Rf. There
fore, we can conclude that any decay of a Rf or No 
daughter, is evidence for the fact that Sg has passed 
through the chromatographie column. 
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Figure 1: Elution curve for W-tracer modeling the Sg 
separation on ARCA. 

After each separation, the solution, collected within 
10 s, was rapidly dried to prepare a sampie for a
spectroscopy (80 keV FWHM) and spontaneous fis
sion (SF) fragment-energy measurements. The chem
ieal yield was 80 %. A 6 min (8 min for experiments 
with 60 s cycle time) measurement started 38 s after 
the end-of-collection for each sampie. The detection 
efficiency of the 450-mm2 PIPS-detectors was 30 %. 
Energy, time, and detector information were stored 
for each event. 

After a total dose of 2.31x1017 22Ne on the 0.15 
mg/cm2 and 5.48x1017 22Ne on the 0.95 mg/cm2 

thiek target we observed two decay-chains with time
correlated a-a decays, see events # 1 and 2 in Table 
1, whieh we assign to the decay of the 265Sg-daughter 
261 Rf into 257N 0 followed by the decay of this nu
clide. These two event-chains have a significance of 
97 % as the expected number of random correlations 
is 0.3. Most likely, the decay of 265Sg was not seen 
because it decayed in the time interval between the 
end-of-separation and the sta,rt-of-measurement. It 
could have also escaped the detector. 

We conclude, that, for the first time, a chemi
cal separation of element 106 was performed in 
aqueous solution. Seaborgium shows a behaviour 
typieal for a hexavalent element located in group 60f 
the Periodic Table below Mo and W. Presumably, Sg 
forms anionie oxifluorides analog to the known com
plexes [WOF5 ]- or [W0 2F3 ]-. The formation of 
other kinds of anionie or neutral complexes cannot 
be excluded at this point. Contrary to element 105 in 
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group 5 [4], where a striking similarity of its chemieal 
behaviour to that of the pseudo-group-5 element Pa 
was observed, these first experiments do not indieate 
a Sg behaviour similar to that of the pseudo-group-6 
element U. 

The first experiment on element 106 in the 
gas-phase was carried out with the On-Line Gas 
Chemistry Apparatus, OLGA III [5]. 

The chromatographie behaviour of Mo and W 
oxichlorides was investigated with SOCI2/Ch and 
02/S0Ch/Ch as chlorinating agents and carbon 
aerosols for the transport in the He-jet. The observed 
voiatilities indieate the formation of Mo02Ch (ad
sorption enthalpy, .6.Ha= -90 kJ/mol) and W02Ch 
(.6.Ha= -100 kJ/mol) whieh is less volatile, see Fig . 
2. 
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Figure 2: Relative yield of W02Ch (dots) and 
Mo02Ch (squares) as a function of the temperature in 
OLGA together with Monte Carlo simulations (lines). 

It was demonstrated with the short-lived isotopes 
165W_169W from 20Ne on 152Gd test-reactions (i) that 
retention times of less than 10 s are achieved for W at 
isothermal temperatures above 275°C, and (ii) that 
the separation from group 4 elements (Hf) is good. 
An additional partial pressure of ~ 100 ppm O2 did 
not change the volatility of W isotopes. 

In the Sg experiments, OLGA was operated at 
300-400 °C isothermal temperature in the gas
chromatography part of the column. 100 ml/min 
Ch saturated with SOCh and 2 ml/min O2 were 
added as reactive agents. Products leaving the gas
chromatographie column after their specific retention 
time were attached to new aerosols in arecluster 
chamber and were transported through a capillary to 
the Rotating Wheel Multidetector Analyzer, ROMA. 

Polypropylene foils of 60 pg/cm2 were mounted 
on every second of 64 positions on the perime
ter of the wheel to collect the products and ro
tate them in front of detectors for a- and SF-decay 



energy-measurements. Seven pairs of 300-mm2 PIPS
detectors (30% efficiency) were mounted along the 
perimeter of the wheel such that the angle between 
the collection position and the first detector pair and 
successive pairs was 11.25°. 

In order to improve the significance of observed 
event chains, we implemented a parent-daughter 
mode for ROMA. The stepping time was 10 s in the 
parent mode which positioned catcher foils in front 
of the detectors. The registration of a triggering 0: 

in the bot tom detector (through the catcher foil) 
- an indication that most likely the Sg-daughter 
nücleüs (Rf) has recoiled into the top detector -
initiated the wheel to move all sources away from 
the detectors for 2 min. In this daughter mode, 
hole positions in the catcher wheel were located 
between detector pairs. This allowed the clear 
identification of 265Sg in two correlations observed 
in the daughter mode (event # 4 and 5 in Table 1). 
In addition, one very significant tri pIe correlation 
(event # 3) was observed in the parent mode. We 
assign this sequence to the decay chain 265 S g-

261 Rf-257 No. Furthermore, a clear signature for the 
decay of 266Sg and 262Rf was registered with the 8.56 
MeV o:-decay followed 2.8 s later by a SF (event # 6). 

Table 1: 265,266Sg_events from 
121 MeV 22Ne + 248Cm. 

E(P) dt1 E(D) dt2 E(D) dt3 

# (MeV) (s) (MeV) (s) (MeV) (8) 
ARCA 

1 8.24 33.5 8.22 67.4 
2 8.26 22.7 8.10 8.2 

OLGA 

3 8.86 2.8 8.38 31.0 8.05 14.8 
4 8.84 27.3 8.13 53.3 
5 8.85 0.6 8.30 48.4 
6 8.56 48.9 SF 2.8 

E(P), E(D): parent(P) -, daughter(D) energies 
dtl: time after end-of-collection 
dt2: time after start-of-measurement (ARCA), or 

time after first o:-event (OLGA) 
dt3: time after pt (ARCA) or 2nd (OLGA) o:-event 
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From the obsel'ved o:-decays we obtain with a 68 % 
confidence interval (c.i.) for 
265Sg : T 1 / 2 = (7.1 + 8.6/ - 2.5) s, 

(J' = (270 + 360/ - 170) pb, and for 
266Sg : T 1 / 2 = (34 + 163/ - 15) s, 

(J' = (50 + 115/ - 41) pb. 
Combining the ARCA and OLGA results consider

ably reduces the range of possible T 1/2- and (J'-values; 
see Fig. 3 for 265Sg. These results are in good agree
ment with half-lives deduced from the observed 0:

energies in the discovery experiment [1] and with the 
cross sections, which were reported with an uncer-
tainty of a factor ~3. The measured cross sections 
are somewhat high er than the ones calculated with 
HIVAP [2], but with the present error bars this is not 
a significant effect. 
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Figure 3: Cross section of 265Sg (dot) from the OLGA 
experiment in comparison with the results from the 
ARCA experiment (solid line) with a 68 % c.i. (dashed 
lines). The errar bars (68 % c.i.) reflect the statistica.l 
error. The dashed region indicates the area of possible 
T 1/2 - and (J' - values that are compatible both with 
OLGA- and ARCA results. 

We have measured 9 SF-events in the ARCA ex
periment. This is still compatible (95% c.i.) with 
the background, which, at least partially, may origi
nate from a small 256Fm contamination. Calculating 
an upper limit for the cross section of a SF-branch 
in 266Sg and comparing this with the cross section 
obtained from the o:-decay observed in OLGA yields 
an upper limit of 80 % for the SF-branch in 266Sg. 
The partial half-life for SF-decay deduced from this 
branching ratio is in the region calculated by [6], see 
Fig. 4, and by [7] for the so called "Old Path". It 
is more than a factor 105 Ion ger than the calculated 
half-life for the so called "New Path" [7] which was 
expected to dominate. 
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Figure 4: Measured (solid symbols) and calculated 
partial half-lives (open cirdes (Q) and squares (SF) 
[6], open triangles (SF) [7]) for Sg isotopes. 

Our chemical results show that Sg forms a volatile 
oxichloride-complex at 300-400 °C when Ch, sat
urated with SOCh, and small amounts of O2 are 
present. Thermodynamic calculations indicate that 
Sg02Ch is formed in analogy to the known W02Ch. 
This agrees with the expected behaviour from an ex
trapolation in group 6 of the Periodic Table [8] and 
with theoretical calculations [9]. 

The centrifuge system SISAK-3 [10] was used to 
extract continuously Sg from an aqueous solution into 
an organic phase. In this phase, time-correlated Q
and SF-events were measured on-line with a liquid 
scintillation counting (LSC) system. 

In previous experiments, it was shown that ho
mologs of Sg can be extracted from an unbuffered 
1 M Q-hydroxyisobutyric acid (Q-HIB) solution. The 
extractant was 0.046 M trioctylamine (TOA) dis
solved in toluene which contains dimethyl-POPOP 
and naphthalin as scintillator. The group 4 homologs 
of Rf remain in the aqueous phase [11]. 

The LSC detection method provides an Q-energy 
resolution of ~ 300 keV (FWHM). In most cases 
this is sufficient to distinguish between different 
Q-emitters. Nearly 100 % detection efficiency is 
achieved with this technique. 

Two types of detector cells have been used: (i) a 
spherical cell made of opaque quartz (4 ml volume) 
which was placed in a semispherical teflon reflector 
to couple it optically to the photomultiplier tube 
(PMT), and (ii) a teflon cell (~ 7 ml) with a me an der-
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like structure. The teflon cell was covered with an 
opaque quartz disk, and was coupled to the PMT 
with a cylindrical teflon reflector. The final detec
tor system consisted of three consecutive units which 
allow half-life estimations. Events were listed and 
analyzed with respect to energy, pulse shape and the 
time difference between two successive events. Cor
relations between successive Q-Q- or Q-SF-event were 
used to identify even very rare decay events. Pulse 
shape discrimination (PSD) and pile-up rejection was 
applied to suppress background events caused by ß
and ,-radiation. 

In our search for correlated a:-SF-events, to iden
tify the decay of 266Sg, the 0 bserved number of events 
was within the expected range for random correla
tions due to the low effectivity of PSD for SF-events. 

To increase the detection efficiency for Q-Q-Q

correlations in the 265Sg~ 261 Rf-t 257No-t decay 
chain, the detection system was operated in such a 
mode where a trigger event in the 8.8 MeV region 
stopped the flow through the cello This cell remained 
in this "daughter-mode" for 2 min to wait for the 
decay of daughter nu dei. Due to a relatively high 
ß h background and a Po conta.mination, a number 
of random tripIe correlations resulted yielding a de
tection limit of about 1 nb for the interesting and 
most sensitive half-life region around 10 s. Work is in 
progress to improve the sensitivity by factors of 10-20 
in forthcoming experiments. 
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