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1. Introduction®

All the isotopes of element 106 so far known have been identified exclusively on the
basis of physical evidence; chemical isolation has not contributed to the discoveries
because of lack of required very fast separation methods which would also ensure a
high chemical yield and facilitate efficient detection of radiation. Up until recently,
106 has been the longest-lived known isotope of the element. It was discovered in
1974 in the reaction **Cf ("0, 4n) by Ghiorso ez al.[2], who found the half-life, Ty, to
be 0.910.2 s and the production cross section, o, to be 0.3 nb for the a-decay branch at
a stated bombarding energy of 94 MeV. Later on, Druin ef al. [3] reported 0.63 *$32 s
and 0.6 nb, respectively, for the spontaneous fission (SF) branch; their bombarding
energy was 95+1.5 MeV. Some lighter isotopes of element 106 were synthesised by the
bombardments of lead with Cr projectiles [4-6]: **106 with 71, = 2.9 ms (mostly SF);
106 with 71, = 0.5 s, (mostly a-active); *°106 with Ty, =4 ms, (a/SF .= 50:50); and
1106 with Ti,= 0.25 s (mostly o-active). Isotopes 2106 and 2*106 are not known yet.
Very recently [7], a-active **106 and **106 with Ti, of about 3 and 15 s, respectively,
have been discovered by bombarding, again, an actinoid target, **Cm, with *Ne.
Unfortunately, their o values are several times smaller than that for **106.

In the atoms of the heaviest elements one founds extremely dense clouds of
electrons moving with relativistic velocities. This is why the studies of the chemical
properties of the elements are interesting per se: «relativistic effects in chemical
properties» [8] present the most challenging problem of experimental and calculational
chemistry at the frontiers of the Mendeleev periodic table. To reveal these effects, the
detailed comparative experimental studies of the heaviest elements and their lighter
homologues need confronting with sophisticated relativistic calculations of atoms and
molecules [9,10].

With a new element, obviously, the very first step must be its chemical
identification. If the element is produced by heavy ion bombardments in a (HI,xn)
reaction, the chemical identification means isolation from a number of simultaneously
produced lower-Z nuclides using some characteristic chemical properties of the
corresponding subgroups. The emphasis in the identification of element 106, if
detecting its SF, is on the decontamination from the heavy actinoids and the
transactinoid elements 104 and 105, as some of their isotopes which also exhibit SF
might interfere. It is not true for lighter elements, including the expected homologues of
element 106.

Earlier developments of prospective fast gas phase techniques for element 106

The chemical identification of the first two transactinoids, elements 104 and 105, was
first performed at Dubna [11,12]. Their isotopes undergoing SF with half-lives of

* The work was presented at the 4" Internat. Conference on Nuclear and Radiochemistry held in St. Malo, on

8-13 September 1996. Some of the data and their preliminary evaluation were briefly reported earlier in
Ref.l.



a few seconds were detected. To do this, gaseous chiorides were rapidly isolated and
separated using the principles of the gas-solid isothermal frontal chromatography (IC)
or thermochromatography (TC). With IC, the surviving atoms were detected at the
column exit, while TC differed in that a stationary longitudinal negative tempcrature
gradient was imposed over the column, and preparative inner chromatograms were
obtained. It was found that, generaily, elements 104 and 105 behaved as i1 was expected
tor EkaHf and EkaTa, respectively. So e.ement 106 must be EkaW, a transition metal
ot group VI

As early as in 1972, before element 146 was discovered, our iaboratory
attempted 13,14] 10 develop a TC isolation procedure for volatiic tungsten
1oxochlorides, uitimately aiming at the identification of EkaW. To study very rare and
short-lived transactinoid nuclides, immediate «on-line» chemical processing of cach
created atom is needed. For that purpose {cf. alse Fig. | below), a target thinner than
the range of the recotling products of fusion reactions 1s used, so that the desired nucie:
be mostly ¢jected trom it. They are let thermalise i an incrt gas, which continuousiy
flushes the target chamber. The appropriate gaseous reagents arc introduced
downstream, and this “carrier gas” reacting with and transporting the recoiis is apoticd
onto a TC column. A special problem with short-lived and low yield activities is how 10
measure the co-ordinate along the column at which a moiecule resided when the decay
event occurred (see below).

In the bombardments of "™FEr with ?C ions, 34-m ‘"W and 2.5-h "W were
produced [13,14]. The recoils were thermalised in commercial nitrogen (< 1% O,),
while SOCI, vapour was introduced at the exit of the target chamber lo yieid a partial
pressure of 26 nunHg at a nitrogen flow rate of 1 I/min (STP) in an open glass column
with 4-mm i.d. The tungsten activities ceposited in two zones with maxima at about
260 and 145 ©C. The higher the temperature of the column hot end (in the range 350 to
450 OC) was the larger percentage of the activity was found at 145 ©C; the purification
of the raw nitrogen from (3, by active copper also brought more activity to the lower
temperature. The interpretation was that two compounds, WO,Cl, and WOCI,, were
formed. Elution - type experiments with raw nitrogen in an isothermal column kept
well above 260°C showed that most of the W atoms reached the deposition zones in
less than 0.8 s. By that time it had been learned, that elements 104 and 105, as well as
their homologues, do not yield effectively volatile species under the experimental
conditions with W. Thus it was shown that the identification of EkaW might be feasible
provided that its half-life is not less than = 0.5 s.

In several later tests by PSI groups[15], the experimental conditions markedly
differed. The recoiling atoms from the ™Gd + **Ne interactions were thermalised in
flowing He gas loaded with KCl, MoO, or graphite aerosol and were transported
several meters (through a capillary) to an IC equipment. There the aerosol particulates
were destroyed by passing through a «quartz wool» filter kept at 800-900°C, while
SOCI, vapour plus Cl, and/or O, were inroduced at the point. The gas passed through a
short open chromatographic column of fused silica, and beyond it the survival yields of
W isotopes versus the column temperature were measured. It was found, e.g., that at
>1500C the retention time for 50-s '®*W was much shorter then its half-life. In 1995, the



PSI group started experiments with the relatively long-lived a-emitters ***106 and
106 at the UNILAC accelerator in GSI, Darmstadt [16]. With their OLGA HI
apparatus for performing on-line IC, they study the oxochloride(s) of element 106 with
SOCI, + O, in the carrier gas.

The PSI, Villigen - RC, Rossendorf group believe that moderately volatile
hydroxides, which are characteristic of the transition elements of group VI, might also
be prospective for the isolation, identification and further studies of element 106 as the
hydroxides of the elements of groups Ill to V are much less volatile. This time [17], a
MoO, aerosol was used, the filter temperature was 12000C, and the carrier gas was He
+ 0O, + H,0. In a TC column, the W activities deposited at about 8009C or higher. The
authors think that, rather than simple adsorption, a dissociative mechanism takes place:
WO, (OH),(g) = WO(a) + H,0(g). The IC studies of element 106 might be feasible
using this chemical system.

In the present work, attempting the chemical identification of element 106 for
the first time, we aimed at the detection of SF events due to the isotope(s) of element
106 produced in **Cf + 'O bombardments. This allowed us to apply the
thermochromatographic approach with a chlorinating carrier gas, which proved so
effective for the previous elements. Unlike Refs.11-14, now we have used fused silica
columns. This brings important advantages: the inner surface of the column can serve
as the required detector of fission fragments (see below), and the chemical system is
simple. The surface chemistry of silica under the action of various inorganic
compounds containing chlorine seems to be rather well understood [18,19]. We first
made more test experiments with isotopes of W to look for the optimum chemical
system with the silica column: and then we carried out chemical identification
experiments aiming at ***106.

2. Experimental
Bombardments and nuclear reactions

The heavy ion bombardments were done with the extracted beams of the Dubna U-400
cyclotron at the site of the KHIPTI [20] project. Mo and W radioisotopes were
produced in the following bombardments, using mostly isotopically enriched targets:
24Mg +l\al.7()zn —> 87~90Mo; ISO + naII)y - 1754177W; ZO.EZNe + lSJ.ISO.ISXGd N 174»]77W; and
HMg + NGy 1T SCr was a by-product created in some stainless steal
parts of the target assembly. The lanthanoid targets were deposited as ~1 mg/cm’ layers
of oxides on 7 pm thick Al-foils, while the Zn target was just a | pm thick metallic foil.
Isotopically enriched target materials or natural mixtures of isotopes were used as
indicated. The target for the production of element 106 was made of radiochemically
very pure *’Cf,0,. The oxide was deposited as a 1.0 mg/cm’ thick spot, 12 mm in
diameter, on a 7-um Al foil. A little of Dy oxide was painted at the round edge of the
spot to produce also W isotopes.

The U-400 cyclotron provides extracted *O beams with ion energies either 180
MeV or 140 MeV. The initial particle energy was reduced to the required (optimum)



value in the upstream parts of the target assembly (¢l Fig. 1): the target backing, the
special degrading foils. the gas gap. and the entrance window. Periodic accurate
measurements of the actual bombarding cnergv were made. For that purpose, in the
beam pipe, ahead of the target chamber, a thin Au foil was placed, which was scen by a
spectrometric particle detector fixed in the side arm of the pipe. Thus the beam particles
scattered at a certain angle could be measured. The detector was covered with some Al
foils, which reduced the particle energy to nearly the same extent as the listed parts of
the target assembly did.

The beam intensity reached 2.5-10"" pps on the target. The beam was of smaller
diameter than the target, and the beam current could be taken directly from the target
chamber, which was insulated from the beam pipe.

Thermochromatographic equipment

A schematic of our TC apparatus is shown in Fig.1. The thermalised recoils were swept
from the target chamber with 1-Vmin arzon gas into the thermochromatographic
column - an open, 3.5-mm i.d. tube of fused silica, 150 cm in length. About 60% of the
recoils reached the column, the rest were deposited on the walls of the target chamber.
At the column inlet, the flowing argon was mixed with a smaller amount of the reactive
gas. This was supplied from the end part of the apparatus through the annular channel
formed by the glass jacket of the column. When, e.g., «SOCH, plus air» were used as the
reagents, typically 0.2 I/min of air saturated with SOCI, vapour was supplicd to yicld
partial pressures of 20 mmHg (or 2.6 vol%) of SOCI, and 25 mmHg (or 3.3 vol%) of
O. in the resulting carrier gas. The used ambient air first passed through an efficient
aerosol filter and then bubbled through liquid SOCL,.

In some experiments, a oose plug of quartz wool was placed 10 cm from the
inlet, at the hottest point of the column, in the middle of the fumace, to enhance
deposition of molecules of the non-volatile radioactive species.
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Fig. 1. A schematic view of the thermochromatographic equipment for on-line experiments.



Measurement of chromatograms

After the bombardments, the distribution of y-emitters along the column was measured
by assaying its 5-cm long segments with the use of a spectrometric Ge(Li) detector. The
isotopes of W with 7', < 30 min could be traced by their longer-lived Ta, Hf or rare
earth descendants, as these elements did not yield volatile compounds.

In the experiments with element 106, to detect long-lived o-emitters like
BEME, P3RS and **Cf, first 20 cm of the column and the rest of it (the thermal
gradient part) were separately washed with an acid, the solution was evaporated to
dryness on a plate, the residue was ignited, and such sample was measured with a PIPS
detector.

The inner surface of the fused silica column served as a solid state track detector
of the fragments from the SF events [21]. The original latent tracks were revealed by
etching the column 5-cm segments with HF and scanning the surface with an optical
microscope. [t proved possible to positively identify some SF events with both
fragments detected, as the vector defined by the cone shaped track points to a ~1-mm’
spot to be searched for the opposite «coincident» track. The very low number of the
observed events made random coincidences improbable. At room temperature, the
detection efficiency of fission events is about 65%. It decreases at higher temperatures
due to the annealing of the tracks [21]. Only after prolonged annealing at > 550 °C the
latent tracks are not etchable any more. We checked experimentally that the detection
efficiency is not affected by the presence of the used chlorinating gases.

Yields of some heavy nuclides as a function of bombarding energy

The catcher foil technique was used to measure the recoil yields from the employed Cf
target versus "*O ion energy (91 to 104- MeV). The foils were placed on the target
supporting grid (cf. Fig.1), on its side facing the target chamber. After the end of the
bombardment, the SF events from the relatively long-lived ***Fm/**Md were recorded
to follow the growth-and-decay curve, and «-active **Fm plus **Fm (the two isotopes
could not be told apart) were measured by a spectrometer.

3. Results and discussion
Ancillary experiments with tungsten and other elements of group VI

To look for the conditions of the selective production of the volatile compounds of W,
while Hf and Ta compounds would be non-volatile, we investigated some chemical
systems, in which the formation of either chlorides or oxochlorides might be expected.
Different compositions of the chemically active components of the carrier gas were
tried, and the temperature regime was varied. A continuous experiment usually lasted
2.5 hours. Fig. 2 shows that in the absence of air at least two deposition zones of 2.5-h
W were formed. But in the presence of air, we observed a single peak of W while,
indeed, Hf and Ta remained in the start zone. We selected the latter system for further



study as it had been learned in previous works of our laboratory that elements 105, 104,
and actinoids do not yield volatile compounds with such a carrier gas | 11,12].
Additional tests showed that an oxygen concentration of 1 to 5% plus about
2.5% of SOCI. in argon gas makes it possible to produce volatite compounds of Cr and
Mo as well. with Mo behaving very similar to W; ¢f. Fig. 3.
Then we performed cxperiments with several isotopes of W which have half-
lives in a range of 5 s to 0.5 h to lock whether the formation of volatile species is rapid
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Fig. 2. Behaviour of '®W in the absence and presence of free oxygen. Carrier gases: argon (1.2 I/min) +
SOCL, (10 mmHg) + TiCl, (2 mmHg), and arzon (1 /min) + air {0.2 ¥Ymin) + SOCL, (20 mmHg).
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air (0.2 V/min) + SOCL, (20 mmHg).



enough. Indeed, both long and the shortest-lived activities could be seen to yield
adsorption peaks beyond the filter, in the thermal gradient part of the column. It means
that the chlorination time of W atoms plus the retention time of the produced volatile
molecules in the starting section of the column (in the absence of the quartz wool filter)
did not exceed a few seconds.

Yields of the mterfering SF activities produced in the bombardment

Simultancousty with element 106, a number of heavy nuclides can be produced without
violating the laws of conservation. Some of them have an appreciable SF decay rate.
So. if produced with not negligible vields, they might interfere in detecting element 106
by its SF events, and must be removed chemically to the necessary degree. While,
generally, the highest cross sections occur for near - target actinoids; the pair
MdAFm seemed to be the most “dangerous™. For it, based on Ref. 23, one could
expect a cross section excceding that of element 106 by at least three orders of
magnitude; cf. Table 1. Using the catcher foil technique (see Experimental), we made
some vield measurements for the employed target assembly. Our data and the results of
another Dubna group [24] are presented in Table 1 as well. Our yields sharply drop
with the energy decreasing from 97 to 91 MeV; they are lower than those ones found in
Ref. 24, and much lower than in Ref 23. But the data of the different authors cannot be
directly compared. The assumption made in Ref. 23 that all the produced heavy nuclei
recoil from the target is obviously wrong. Actually, unlike evaporation residues,
transfer reaction products have broad angular and projected range distributions [25];
hence the yields in catcher foils must decrease in the case of a thicker target like ours.
Moreover, our target supporting grid with a hole diameter to grid thickness ratio of 1:1
must also markedly reduce the recoil vields of transfer reaction products, whilc only
slightly affecting evaporation residues [26]. Also the systematic errors in energy
measurements

Table 1. Apparent «production cross sections», in pb, of *******Fm and *"Md 1n the bombardments of
*°Ct by "*0 obtained by the catcher foil technique.

Group Target Nuclide(s) Bombarding energy
(ug/cm?) 91 MeV  94McV  97MeV 104 MeV
Lee et al.[23] CtF, (640) Fm (Ty,=23 h 610 - 1910 2400
a =1 00%)
Presentauthors  Cf,0,(1000) | ****Fm 210% 24+ 4344 36244
Lee er al.[23] CfF, (640) Fm (T1,=2.7 hy 0.11 - 1.2 1.5
SF 90%)
¥Md (Th,=1.3 h; | 0.07 - 0.69 0.19
EC 90%)
Sagaidak et Cf,0, (£ 500) | *Fm - 0.002 0.02 0.02
al [24] #oMd - 0.02 0.2 0.2
Present authors  C,0,(1000) | **Fm+**Md 194 104 0.02 0.02

* An average of Table 2 data..



and different encrgy spread of the beam nmught play a role. So the three sets of duta arc
not necessarily mconsistent; still special quantitative evaluation would be ol interest.

Chemical experiments with element 106.

The data characterising the conditions and results of varous runs in a calendar time
sequence are summarised in Table 2 and displayed m Fig. 4. In {irst two thermochro-
matographic runs (Table 2), a quartz wool filter was present in the start zone as tn most
ancillary tests. No fission fragment tracks were found in the column (to be discussed
below). In the four other experiments, such a filter was absent. This time. the
reproducible zones of the tracks of fission fragments were observed.

Table 2. Expeniments with element 106 (the same target was used 1n all the bombardmentsj.

No Date Extracted / Tine of the Apparer;l Number of
Integral dose of  bombarding "*O run FEm vield fission events
B "0 jons < 10" encrgy e detected
ib Feb 92 180 /94 Mel 16h 2.0 b ne
58
2k March 92 180794 MeV 24 h 2.2 ub or
1.3
3 April 92 180 7 94 MeV 20 h 223 ub 10
1.5
4 July 92 180 /94 MeV 32h 2.1 ub 20
2.0
3 Feb. 93 180794 MeV 16 h 1.8 ub 18
1.1
6 April 95 140/ 94 MeV 36h 3% ub 11
2.6:107

* I3Em activity at the end of bombardment was 0.7 5 to 0.35 Bq.

® Runs with a quartz wool filter in the start section of the column.

A run without reagents and at ambient temperature. all the tracks were found within the starting 15 cm
of the column.

The numbers of the tracks found in runs nos. 3, 4 and 6 reasonably correlate with the
beam fluences if one takes into account the low statistics. Even stronger evidence of
constant physical conditions is provided by the very similar apparent yields of o-active
Fm isotopes in runs nos. 1-5. The larger apparent yield of Fm isotopes in run no. 6 does
not contradict that. The run differed from the others in the energy of the primary beam,
hence, also in the thickness of the degrading foils. As shown in Table 1, around 94
MeV the Fm yield strongly depends on the bombarding energy. So the factor of two in
the yield per fluence unit could well result from an error of one MeV or so in the actual
bombarding energy because of the uncertainties in the accepted stopping powers.

Fig. 4 shows the distributions of the detected fission events in runs nos. 3 - 6.
As can be seen, in thermochromatographic runs nos. 3, 4 and 6 very few events were
recorded within the starting 20 c¢cm of the columns where more than 99% of the
-activity of various actinoid isotopes like ******Fm, ****Es, and **Cf were deposited.



The low temperature tail of the SF zone profile seems a little Jonger than that of the W
isotope zone, yet, the last 35 cm of the column were free of tracks.

The white histogram of run no. 5, in which the column was kept at ambient
temperature and reagents were absent, shows that all the 18 detected SF nuclei decayed
(i.c., were deposited) within the starting 15 cm of the column, similarly with the
behaviour of the non-volatile actinoid compounds in the thermochromatographic runs.
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Fig.4. Experiments with element 106. Stacked hatched histograms - fission events detected in three

thermochromatographic runs with the carrier gas argon (1 I/min) + air (0.2 U'min) + SOCI, (20 mmHg);

white unstacked histogram - fission events in the run with pure argon in a cold column; '
dashed peak - gamma activity of the W isotope in an arbitrary linear scale.

Assignment of the observed SF activity

A mixture of SF activities cannot be resolved by mere detecting SF events with the
track detectors employed. Hence it was necessary to make certain that the tracks
observed in the temperature gradient part of the column originated exclusively from
element 106 in the state of a volatile compound(s). The imaginable sources of
“background”, i.e., of tracks which might stem from nuclides with Z < 106, are the
following: the neutron induced fission of uranium impurities in the column material;
the target material sputtered into the flowing gas by the beam (atoms, clusters or
aerosol particulates); and the SF nuclei of heavy actinoid elements and of elements 104
and 105 produced in the bombardment.

We could definitely reject all these sources on the basis of the following
observations: First, the special bombardments of the silica tubes by much higher



fluences of neutrons showed that even a single neutron induced fission due to the
uranium impurities could not take place in the experiments with element 106; this is
directly evidenced by zero counts in runs nos. 1 and 2 (cf. Table 2). Secondly, *Ct,
which served as a target, is mostly o-active (5.81 MeV), its half-life is 350 years and
the o/SF ratio equals 2.3x10%. So an a-activity of 150 Bq is accompanied by one
fission event per day. If released and deposited in the column, that much of activity
could be easily noticed; but it was not the case. Also the character of the distribution of
fission events along the column is inconsistent with this source. Finally, as shown in
Table 2, the recoil yield of ***Md/**Fm from our target was extremely low. Even more
informative, as far as the SF bombardment products are concerned, was run no.5 in the
cold column with no reactive chemicals; see Table 2 and Fig. 4. The 18 fission events
detected in the column indicated a total apparent o of 0.2 nb or so for all the Z < 106 SF
activities (actinoid and transactinoid) with half-lives longer than some 0.1 s (which is
the time that the gas spent in the target chamber). That number itself shows that only a
quite moderate degree of the separation of EkaW from the unwanted nuclides was
needed to get conclusive evidence that the tracks in runs nos. 3, 4 and 6 originated from
the decay of element 106. The fact (see above) that less than 1% of the actinoid atoms
passed beyond the first 20 cm of the column means that the W/An separation was
actually much better than required. Also dedicated experiments with Hf and Ta as well
as earlier studies [11,12] of elements 104 and 105 in chemical environment very similar
to that in the present work showed that these elements do not yield volatile compounds.
Moreover, the calculated production cross sections [28] for the SF branch of potentially
interfering isotopes of elements 104 and 105 are at least by an order of magnitude
smaller than the experimental o-value of SF events due to element 106 So neither
actinoids nor the first two transactinoids could bear the distinct zone of the fission
events displayed in Fig. 4.

Our bombarding energy corresponded to the reported {2,3] experimental
maximum of o for the production of **106. Druin et al. [3] expected at this energy a
comparable o for ***106, but a much smaller value for #2106. They assigned the SF
activity to 2*106, because their o-values measured at three bombarding energies were
consistent with some excitation curve calculations, and their Ty, agreed with that from
a-measurements [2]. They did not discuss possible contribution of %4106 to the SF
counts because they lacked reliable enough theoretical calculations of o and of the
partial Ty, for various decay modes. But according to some most recent life-time
calculations [29], which are in good agreemeht with the experimental data for so far
known nuclides, the partial T, of **106 for both o- and SF decay might be around a
second, like 7, of 2106, while **106 must be too short-lived. The cross sections for
263106 and 2106 at 94 MeV are now calculated to be ~ 0.3 and ~ 0.05 nb, respectively
[28]. So the yet unknown heavier isotope might have contributed to our tracks either
directly, by its own SF, or through its a-decay, which yields even shorter **104 with
100% SF; i.e., all the decays of **'106 finally result in SF events. On the other hand, the
a decay of **106, produced with ¢ = 0.3 nb {2], yields 4.5-s 2°104, which has a =~ 9%
SF branching [30]. This must contribute about 0.02 nb to the total o of SF activities due
to element 106.
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Assuming the 80% recoil vield of element 106 nuclei, 40% loss in the targe
chamber duc to the irreversibie adsorption of thermalised atoms on its walls, and the
detection elficiency (see below), we found ¢ = 0.15 nb for the 7 = 106 aucler which
vickl SE events. This o7 is not necessariiy inconsistent with the reported 0.6 ab sor
31 becuuse we do not know the decay tosses in the starting part of the colimmn
o

106
he finite chlermation and retenton times), and because ol very accurateh

(due 1o
fnown espeiimental values of a number of quantities are invoived in cvaluating ¢

the SF events of 71040 the daughter of *106, musi have moderately
contributed o the observed racks, and the tracks could also originate 1rom ~106. But,
i s0, 1 does not affeet any our conclusion concerning the chemical identification of
element 1416,

Quantitase cvaluetion of the element 106 thermochromatogram.

To further evaluate the experimental data of Fig.d4, we accounted for the tempera ure
dependant unncaling of tracks. First, from the available annealing data for different
temperatures and times {21} we caleulated the temperature dependant fission cvent
detection efticiencies for the 30-h experiment, relative to the effictency at the amb.en
temperature {605%). We fitted these values with an empirical function and divided cach
value in the hatched histogram in Fig. 5 by the appropriate relative detection efficiency.
This way we obtained a corrected histogram of the number of events in Fig. 5. To
smooth the element 106 peak profile, we titted the corrected histogram (omitting only
the SF events within the first 5 cm of the column) by a secmiempirical formula based on
the theory of the peak shape in nonequilibrium thermochromatography {27]. The
formula gave an accurate fit of the tungsten peak shown in Figs. 4 and 5. The maximum
of the corrected peak of element 106 is only slightly shifted towards higher temperature
compared with the similar fit of raw data.

The fit of element 106 data in Fig. 5 is characterised by a standard error of 2.0,
and the area under the peak corresponds to ca. 60 counts. It means that about 90 atoms
of element 106 yielding SF cvents reached the thermal gradient part of the column and
were processed by the thermochromatographic system employed.

Chemical state of Cr, Mo, W and element 106

Our data provide evidence of the formation of a volatile (oxo)chloride of element 106.
In the first two «unsuccessful» experiments the retention time on the quartz wool plug
exceeded T, of the particular isotope(s). A longer retention on the filters than in the
open column segment was observed earlier also for the elements of groups IV and V.
This takes place due to the large surface of the plug of 10-pum thick quartz fibres
(equivalent at least to several meters of an open column) and due to stronger adsorption
on their active surface.

11



16 v T v Y T T T

Fission events per 5 cm

 F

100 120

Distance along column x/cm

Fig.5. Treatment of the experimental thermochromatogram. Solid histogram - the data from Fig.4; dotted
histogram - the data corrected for the relative detection efficiency; thick solid curve- the smoothed
corrected thermochromatogram of element 106

One can sce a marked difference between the deposition temperatures of
clement 106 and '™®W (Figs. 4 and 5). There would be a shift even if the properties of
the elements were identical because the particular nuclides have very different half-
lives, so also migration times [31]. But this factor can hardly account for so large a
difference. This points to nonidentical chemical states of the two homologues or to
quite different volatilities of the compounds of similar stoichiometry. To solve the
problem of the chemical state, we performed some detailed studies of the comparative
TC behaviour of Mo and W activities with half-lives in a range from seconds to hours.
We, generally, observed two zones of adsorption, at fixed temperatures, while the
percentage deposited in the lower temperature zone increased with increasing T, of the
nuclides. The isotopes with half-lives of a few second were deposited in the «high
temperature» zone to > 50%. This obviously gives evidence for more than one
compound being involved; the less volatile species reacts relatively slowly to form
more volatile one. To make an assignment of these chemical states, we have analysed
the results taking into account the volatility of known (oxo)halides of W, Mo and Cr,
the expected thermodynamic equilibria in the system, and some considerations about the
kinetics of the reactions involved. This analysis goes beyond the scope of the present
paper and will be published in detail elsewhere with supporting experimental data. We
came to the conclusion that the dioxodichlorides and more volatile oxotetrachlorides of

12



W and element 106 are responsible for the observed behaviour of the two elements. In
the case of tungsien, WO,Cl, is first rather quickly formed and is deposited in its proper
temperature range; the compound then reacts in a few dozens of seconds to yield more
volatile. WOCI,. In the experiments with clement 106, the long lived "™W was
completely converted into the more volatile compound (Fig.4). By analogy, most
probably clement 106 was deposited on quartz surface as [106]0,Cl1,, but its nuclei
decayed «long» before the compound could be transformed into [106]0C1,.
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3Bapa H. u ap. E12-97-102
Xumudeckas uaeHTuduKauus anemenra 106
(TepMoxpomarorpatus OKCOXI0PHIOB)

Snement 106 (NpeanoIOXHTENBHO H3OTOI C MACCOBBIM HOMEpOM 263), neTek-
THUPYEMbIH MO aKTaM CMIOHTAHHOTO NENEHHS, Obll XHMHYECKH BbUIEEH H3 NPOIYKTOB
obnyuenust 29¢f YCKOPEHHBIMH HOHaMH 180 ¢ nomousio TepMOxXpoMaTorpacguu
OKCOXJIOpPHAOB. B uacTHOCTH, OH 6bin oTReneH ot anementoB 104 u 105, a Takxe
OT TaXenbix akTHHOMAOB. Habnonaemoe nosenenue anementa 106, no-euanmomy,
o6ycnosneHo 06pazoBaHHeM NHOKCOAMXIOPHAA. 3aperHcTpUpoBaHo okono 40 aro-
MOB 3/IEMEHTA. :

PaGora Beinontena B JlaGopaTopuu anepHbIX peakuuii M. I.H.®neposa OUSH.

Mpenpunt O6beaHHERHOTO HHCTHTYTA SUEPHBIX HCCneaoBanmit. dybua, 1997

Zvéra 1. et al. { E12-97-102
Chemical Identification of Element 106 :
(Thermochromatography of Oxochlorides)

Element 106, isotope mass number presumably 263, detected by its spontaneous
fission, has been isolated chemically from the products of the bombardment

of 22Cf with '30 and separated specifically from elements 105, 104 and heavy
actinoids by the thermochromatography of oxochlorides. Dioxodichloride seems
to be responsible for the observed behaviour of element 106. Some 40 atoms
of the element have been registered. ‘

The investigation has been performed at the Flerov Laboratory of Nuclear
Reactions, JINR.
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