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MODEL EXPERIMENTS ON CHEMICAL PROPERTIESOF SUPER HEAVY ELEMENTSIN AQUEOUS SOLUTIONSZ. SzeglowskiThe H. Niewodni
za«ski Institute of Nu
lear Physi
sRadzikowskiego 152, 31-342 Kraków, Poland(Re
eived July 31, 2002)Dedi
ated to Adam Sobi
zewski in honour of his 70th birthdayThis paper presents a brief review of model experiments on investigationof 
hemi
al properties of transa
tinide elements, ranging from 104 to 116.The possibilities of isolation of the nu
lei of these elements from nu
learrea
tion produ
ts, using the ion-ex
hange method, are also 
onsidered.PACS numbers: 82.80.Bg, 82.80.�d1. Introdu
tionThe investigation of the 
hemi
al properties of transa
tinide elements isa fundamental problem of the present-day radio
hemistry. The �rst trans-a
tinide element with Z = 104 is a spe
ial interest. A

ording to the Peri-odi
 Law, its 
hemi
al properties should be generally similar to those of the4thgroup of elements, Ti, Zr and Hf, and very di�erent from the pre
edingelements of the a
tinide series with Z � 103.However, the experimental veri�
ation of this de�nite predi
tion is asso-
iated with great di�
ulties, �rst of all, due to the short lifetimes and theextremely small produ
tion 
ross se
tions of isotopes of element 104, whi
h
an be synthesized in the nu
lear rea
tion indu
ed by heavy ions. Neverthe-less, as early as in 1966 [1℄ it was shown that the higher 
hloride of element104 has a similar volatility as the hafnium 
hloride, while both are mu
hmore volatile than the 
ompounds of the a
tinide series elements. Thus,the expe
ted abrupt 
hange in properties in going from Z = 103 to 104 hasbeen 
on�rmed. Su
h studies of the se
ond hundred elements, 
arried outusing the methods of gas-solid 
hromatography and thermo
hromatography(1671)



1672 Z. Szeglowskiof halides or other volatile 
ompounds, have been extended [2℄. They are in-dispensable in working with nu
lides whose lifetimes lie in the range from 0.1to 10 se
onds and whi
h de
ay via spontaneous �ssion, for instan
e, 259Rf.Another, traditional experimental approa
h is the study of the proper-ties of transa
tinide elements by solution 
hemistry methods. It rests on thea
hievements of 
lassi
al radio
hemistry. Here the 
hromatographi
 prin
i-ple is also widely used. But in 
ontrast with gas 
hromatography pro
essingwhere the substan
e 
an migrate down the 
olumn with a high speed, the re-tention time in an ion ex
hange or similar 
olumn is ne
essarily mu
h longer.In 1970 Silva et al. [3℄ utilised the then newly dis
overed �-a
tive isotope261104 with a half-life of about 1 min (it remains to be the longest-livedknown isotope of the element ) in the �rst attempt to investigate the prop-erties of element 104 by an ion ex
hange 
hromatographi
 te
hnique. Theyperformed several hundred standard bat
h experiments: after the produ
tsof the nu
lear rea
tions had been a

umulated during several minutes, theywere passed through a 
ation ex
hange 
olumn in a solution of ammonium�-hydroksyisobutyrate. A
tinide elements were almost irreversible adsorbedon the resin, whereas Zr and Hf appeared in the �rst drops of the eluate.Just in these drops 17 �-parti
les with energies from 8.2 to 8.4 MeV weredete
ted, whi
h 
orresponded to the known �-de
ay properties of 261Rf andits daughter 257102 ( T1=2 = 20 s). The authors of Ref. [3℄ arrived to the
on
lusion that the behaviour of element 104 was entirely di�erent fromtrivalent and divalent a
tinide elements but was similar to Hf and Zr.Five years later Hulet et al., Ref. [4℄ investigated the extra
tion of el-ement 104 with trio
tylmethylammonium 
hloride from 
on
entrated solu-tions of hydro
hlori
 a
id by using the same approa
h. They dete
ted a totalof 6 �-parti
les with energies from 8.0 to 8.4 MeV in three di�erent fra
tionsof the eluate and 
on
luded that the 
hloride 
omplex strength of element104 was notable greater than that of the trivalent a
tinides and mu
h morelike that of Hf.It should be noted that the overall experimental e�
ien
y a
hieved inRefs [3℄ and [4℄, judging by the known 
ross se
tion of the synthesis rea
-tion, was very low despite the use of a sophisti
ated and expensive auto-mated apparatus. A typi
al experiment in
luded the following operationsand pro
esses:1. periodi
 a

umulation of nu
lear rea
tion produ
ts, that re
oiled fromthe target, on a 
olle
tor using the gas-jet te
hnique;2. delivery of the 
olle
tor to the te
hni
al apparatus and applying thea
tivity onto a 
olumn;3. for
ing the eluent through the 
olumn;
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al Properties of. . . 16734. evaporation of the eluate drops to dryness, the �aming of the residue;5. �� spe
trometri
 measurements of the obtained samples by a systemof semi
ondu
tor dete
tors.At all the steps, losses of 261104 
ould o

ur as a result of its radioa
tivede
ay (during long-time operations) and/or a low 
hemi
al yield, or be
ausethe measurement geometry was poor (� 2�). To minimize total losses, theoperations should be 
ompatible to the half-life of the nu
lide under studyand other losses should be kept at minimum. As is seen from the �rst ex-periments [3,4℄ this is the di�
ult requirement to meet. At the same time,inorder to make a more detailed study of 
hemi
al properties of element 104,one needs quantitative investigations with mu
h better 
ounting statisti
s.2. Rutherfordium � Element 104A basi
ally new approa
h was used to the experiments on the solution
hemistry of rutherfordium whi
h resulted in mu
h higher e�
ien
y, i.e. theyield of dete
table atoms. This was a
hieved due to the use of some novelte
hniques [5℄.Any experiment virtually 
onsists of three su

essive stages:1. separation of the Rf atoms from the target material and isolation fromthe mixture of the radionu
lides produ
ed in the bombardment; asa rule, 
ertain degree of separation from a
tinides is required be
ausetheir isotopes interfere with the dete
tion of Rf isotopes (radio
hemi
al�de
ontamination� may take pla
e at the se
ond stage too);2. a
tual investigation of the element properties when 
onditions are 
re-ated to obtain several separate �
hemi
al fra
tions� and the elementgets in one or another fra
tion depending on the relative probabilityof the 
hemi
al rea
tion involved;3. evaluation of the results of the previous stage by determining the quan-tity of atoms of the nu
lide under study in di�erent fra
tions.The essen
e of our approa
h was, as follows:At the �rst stage Rf is separated from a
tinide elements, whi
h are in-evitable produ
ed in the same bombardment with mu
h higher 
ross se
-tions, to a high enough degree. Thus, at the last stage, there is no ne
essityto measure the short-lived Rf isotope itself and to 
arry out the low e�
ien
yoperations of qui
k preparation of samples and radioa
tivity measurements.Instead, some long-lived nu
lide in the de
ay series of the Rf isotope 
an beregistered [6℄. For 261Rf, the de
ay 
hain is:



1674 Z. Szeglowski261Rf ������! 257No ������! 253Fm EC(92%)�����! 253Es ������!78 s8.28 MeV 27 s8.32 MeV 3 d6.94 MeV 20 d6.63 MeVThen the time available for making a sample for measurements is now aday or even more, in a

ordan
e with the half-lives of 253Fm and 253Es. Inthis 
ase, nothing prevents the possibility of thorough radio
hemi
al puri�-
ation and of a
hieving a high 
hemi
al yield of the nu
lide to be measuredand samples 
an be prepared for 
ounting in nearly 4� geometry.The �rst two stages (1 and 2) are realised as a truly 
ontinuous pro-
ess [5℄, whi
h makes it possible to ex
lude losses due to de
ay during a
-
umulation of the a
tivity. Obviously, the equipment required is simplerand 
an be automated more easily. The atoms re
oiling from the target areadsorbed on the surfa
e of parti
ulates of an aerosol and with it througha 
apillary they are transferred to the 
hemi
al apparatus at a distan
e ofseveral meters within a few se
onds. There the parti
ulates are absorbeddire
tly in the solution, whi
h serves for the separation of elements.In order to examine some possibilities of rapid 
ontinuous isolation of261Rf from the produ
ts of bombardment of the 248Cm target on a set ofion-ex
hange 
olumns, the model experiments with Hf and Zr radionu
lidesas the homologues of Rf were performed by Szeglowski et al. [5℄. It has beenshown for the �rst time ever that in HF solution Rf forms stable anioni

omplexes whi
h are sorbed on an anion�ex
hange resin, i.e. the elementbehaves similar to Zr and Hf , members of the 4th group of the transitionmetals. The distribution 
oe�
ients and de
ontamination fa
tors of theelements under study, whi
h are fun
tions of the 
omposition of the solution,the nature of the solvent, the 
on
entration of 
omplexing agent and otherfa
tors were determined. The method opened up the possibility of obtainingquantitative data on the properties of Rf in solution.Using this method, 
ontinuous isolation of rutherfordium from the nu-
lear rea
tion produ
ts was elaborated. Experiments were performed at theJINR heavy ion 
y
lotron (U400). Target 248Cm was bombarded with 18Owith an energy of 97�102 MeV [5℄ at a beam intensity of up to 4� 1012 ppsduring 24 hours. The nu
lear rea
tion produ
ts re
oiled from the targetwere transported by the aerosol jet (NaCl in argon) through a te�on tubeto the unit 
onsists of three ion-ex
hange 
olumns 
onne
ted in series. Thetransplutonium elements (TPE) and Ln were isolated by sorption on the�rst 
ation ex
hange 
olumn (5) with the subsequent 
on
entration of Rf onan anion ex
hange one (6). Then the Rf des
endants were sorbed on another
ation ex
hange 
olumn (7). The identi�
ation of 261Rf has been performedby registering its des
endants: 253Fm and 253Es after their disruption: by a
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al Properties of. . . 1675small volume of 6M HNO3 from the last 
ation ex
hange 
olumn, Dowex-50x8, see 7 in Fig. 1. A s
hemati
 diagram of the experimental equipmentis presented in Fig. 1.
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heme of the separation apparatus: 1 � target 
hamber, 2 � absorber,3 � degasser, 4 � �lter, 5,6,7 � ion ex
hange 
olumns.Extra
tion of Rf, Zr, Hf, Th, Pu (IV) and Nb (V) by tributylphosphate(TPB) in benzene from aqueous solution of HCl were studied by Czerwi«skiand 
o-authors [7℄. The results obtained gave the eviden
e for a deviationof Rf 
hemistry from that of other elements of the 4th group. These unex-pe
ted results for extra
tion from 
hloride solutions indi
ate that at timesRf behaves more like tetravalent Pu than Zr or Hf. In addition, extra
tionof Rf in
reases with the growth of a hydrogen ion 
on
entration, while Zrand Hf exhibit no su
h e�e
t. These results indi
ate that the Rf forms neu-tral salt 
omplexes more readily than Zr and Hf. The extra
ted 
omplexfor Rf appears to be di�erent from those of Zr and Hf. These di�eren
es,along with the di�eren
es between Db and its the 5th group homologues,indi
ate an unexpe
ted trend in the behavior of transa
tinide elements andshow that the properties exhibited by lighten homologues 
an not be simplyextrapolated to predi
t the 
hemi
al properties for transa
tinide elements.3. Dubnium � Element 105Studies of the halide 
omplexes of dubnium, Db, in aqueous solutionswere performed on 34 s 262Db produ
ed in the 249Bk (18O, 5n) rea
tion byGregori
h et al. [8℄. 262Db was uniquely identi�ed by measuring energy and



1676 Z. Szeglowskitime distribution of the alfa parti
les and �ssion fragments emitted in itsde
ay. Time-
orrelation pairs of � parti
les from the de
ay of 262Db and itsdaughter, 4.3 s 258Lr, were also measured. Both alpha-parti
le energies andde
ay times 
an then be used as identi�
ation 
riteria. The de
ay 
hain for262Db nu
lide is presented below:262Db ������! 258Lr ������! 254Md �+�����! 254Fm ������!34 s8.45 MeV 3.9 s8.62 MeV 10 m 3.2 h7.19 MeVThe studies of 
hemistry of elements 105 (Db) were performed by Zvara etal. [9,10℄ and by Gregori
h et al. [11℄. Zvara et al. [9℄ used gas thermo
hro-matography on the relatively volatile bromide and 
hloride 
ompounds.They used the 243Am (22Ne, 4�5n) rea
tion to produ
e 2 s 261�260Db whi
hthey dete
ted by spontaneous �ssion (SF) de
ay, using tra
k dete
tors alongthe thermo
hromatographi
 
olumn. The observed position of �ssion tra
kswas similar to that of hafnium and was interpreted by Zwara et al. as beingthe expe
ted position of eka-tantalum. Db was found to adhere to glasssurfa
es upon fuming with 
on
entrated nitri
 a
id, a property very 
hara
-teristi
 of the 5th group of elements, niobium and tantalum, and the pseudo-member of that group, prota
tinium. Tantalum extra
ts under a broaderrange of 
onditions than does niobium. Assuming the elements of group 5to 
ontinue this trend, dubnium should also form extra
table spe
ies and bequantitatively extra
ted under the same 
onditions as tantalum is extra
ted.However, it was found that dubnium did not form extra
table anioni
 �u-oride 
omplexes [11℄. This non-tantalum-like-behaviour was dis
ussed inRef. [11℄. The tenden
y to hydrolize or to form high 
oordination number�uoride 
omplexes in dubnium may be mu
h stronger than in tantalum,leading to non-extra
table spe
ies. It should be noted that the extra
tion
onditions [11℄ were su
h that niobium was not extra
ted into the MIBK(methyl isobutyl ketone) phase.4. Seaborgium � Element 106Sg (106) was dis
overed in 1974 in the rea
tion 249Cf (18O, 4n) by Ghiorsoet al. [12℄, who found the half-life, T1=2 , to be 0.9�0.2 s and the produ
tion
ross-se
tion, �, to be 0.3 nb for the alpha de
ay bran
h at a state bom-barding energy of 94 MeV. Later on, Druin et al. [13℄ reported 0.63 s and0.6 nb, respe
tively, for the spontaneous �ssion (SF) bran
h; their bombard-ing energy was 95 � 1:5 MeV. Some lighter isotopes of Sg were synthesizedby the bombardments of Pb with Cr proje
tiles : 258Sg with T1=2 = 2:9 ms(mostly SF); 259Sg with T1=2=0.5 s (mostly �-a
tive); 260Sg with T1=2 = 4ms
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al Properties of. . . 1677(�=SF = 50 : 50); and 261Sg with T1=2 = 0:25 s (mostly �-a
tive), see Refs [6℄and [12�17℄. Isotopes 262Sg and 264Sg are not known yet. Oganiesian et al.reported in Ref. [17℄ that, �-a
tive 265Sg and 266Sg with T1=2 of about 3 s and15 s, respe
tively, have been dis
overed by bombarding, again an a
tinoidtarget, 248Cm, with 22Ne. Unfortunately, their � values are several timessmaller than that for 263Sg. The de
ay 
hain for nu
lide 265Sg is:265Sg ������! 261Rf ������! 257No ������!7.1 s8.83 MeV 78 s8.28 MeV 26 s8.22 MeVIn the atoms of the heaviest elements one �nds extremely dense 
louds ofele
trons moving with relativisti
 velo
ities. This is why the studies of the
hemi
al properties of the elements are subje
t of interest. This problem isreported in details in Ref. [18℄.For the �rst time, 
hemi
al separation of element 106, Sg, was performedin aqueous solutions by Shädel et al. [19℄. The isotopes 265Sg and 266Sgwere produ
ed in the 248Cm +22Ne rea
tion at a beam energy of 121 MeV.The rea
tion produ
ts were 
ontinuously transported by means of a KClaerosol jet to the 
omputer-
ontrolled liquid 
hromatography system [19℄.Sg was dete
ted by measuring 
orrelated �-de
ays of the daughter isotopes261Rf 78 s and 257No 26 s. For the isotope 266Sg, there was eviden
e forspontaneous �ssion bran
h. The 
hemi
al results show that the most stableoxidation state of Sg in aqueous solution is +6, and that like its homologuesMo and W, Sg forms neutral or anioni
 oxo or oxohalide 
ompounds undersuitable 
onditions [19℄. In these experiments, Sg exhibited properties very
hara
teristi
 of group 6, and did not show U like properties.5. Bohrium � Element 107 and Hassium � Element 108Element 107, Bh, was synthesized by fusion of 209Bi and 54Cr performedby Münzenberg et al. [20℄. The rea
tion is: 209Bi (54Cr, n)262Bh. A previ-ously unknown �-emitter of 4.7 ms half-life and 10.38 MeV �-energy 
ouldbe 
onne
ted to the de
ay 
hain shown below:262Bh ������! 258Db ������! 254Lr ������! 250Md4.7 s10.38 MeV 4.4 s9.17 MeV 13 s7.75 MeVAnother isotope of element 107 (Bh) with mass number 261 was produ
edunder the same 
onditions as previous one. The rea
tion was: 209Bi (54Cr,2n)261Bh. The nu
lide has half-life time of 0.9 ms [21℄ and a 
omplex �-spe
trum. Oganesian et al. [22℄ 
laim to have dete
ted this isotope as earlyas 1976. A sear
h for neutron-ri
h isotopes of element 107 su
h as 266Bh,



1678 Z. Szeglowskiwhi
h might have half-life of the order of minutes [22℄, was 
arried out duringthe bombardment of 254Es with 16O, without su

ess [23℄. Dis
overing su
hisotopes, whi
h were theoreti
ally predi
ted, would enable using aqueoussolution 
hemistry for investigation of their 
hemi
al properties.Münzenberg et. al. [24,25℄ dete
ted the isotope of element 108 (Hs) withmass number of 265. The rea
tion for synthesis was:208Pb (58Fe, n)265Hs.Alpha-de
ay 
hain of the isotope is presented below:265Hs ������! 261Sg ������! 257Rf ������! 253No2.4 ms10.38 MeV 360 ms0.93 MeV 9.8 s8.79 MeVThe same group observed a se
ond isotope, 264Hs, with half-life 0.08 mswhi
h was produ
ed by fusion of 207Pb with 58Fe [25, 26℄.The possibilities of studying the 
hemi
al properties of Bh and Hs inaqueous solutions a

ording to model experiments with their homologuesRe and Os were investigated. With this goal, the behaviour of Re andOs on 
ation-and-anion-ex
hangers in the sulfuri
 a
id media was studiedin details [27℄. An developed earlier [5℄ and e�e
tive ion-ex
hange methodfor 
ontinuous isolation of ultra tra
e amounts of short-lived transa
tinideelements in the pro
ess of their synthesis with simultaneous 
hemi
al studiesof these elements in solution 
ontaining various 
omplexing agents was usedfor these studies.6. Meitnerium � Element 109 and Elements 110, 111, 112In 1982 Münzenberg et al. [28℄ su

eeded in dete
ting one single de
ay
hain, when bombarding 209Bi with 58Fe. It 
onne
ted this �-emitter witha de
ay 
hain already known from the synthesis of bohrium. The synthesiswas performed via rea
tion: 209Bi ( 58Fe,n )266Mt. This de
ay 
hain quotedfrom Ref. [28℄ is:266Mt ������! 262Bh ������! 258Db EC�����! 258Rf SF�����!5.0 ms11.1 MeV 22.3 ms1.14 MeV 12.9 s 12 ms232 MeVIn 1988 the same group found a se
ond atom of meitnerium whi
h was
orrelated with the de
ay 
hain reported in Ref. [29℄. This dis
overy was
orroborated by Oganessian et al. [6℄, who radio
hemi
aly dete
ted a long-lived end produ
t of �-de
ay 
hain, 246Cf.The element 110 was synthesized for the �rst time at SHIP, GSI, Darm-stadt. Two isotopes with mass number A = 269 and A = 271 were produ
edin rea
tions: 208Pb(62Ni, n)269110 and 208Pb(64Ni, n)271110. Both isotopes
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al Properties of. . . 1679de
ay by �-emission with half-lifes given in Ref. [30℄. The de
ay 
hain as-signed to 269110 is presented below [30℄:269110 ������! 265Hs ������! 261Sg ������! 257Rf393 �s11.132 MeV 583 �s10.574 MeV 72 ms9.576 MeVRe
ently, the new isotope 270110 has been obtained by S.Ho�mann et al.[31℄, using rea
tion: 207Pb(64Ni,n)270110.In De
ember 1994, Hofmann et al. [32℄ produ
ed in GSI, Darmstadtthree nu
lei of the isotope 272111. These three nu
lei were observed in bom-bardment of 209Bi targets with 64Ni proje
tiles of 318 MeV and 320 MeV. The
ross se
tions were 1.7 pb and 3.5 pb, respe
tively. The nu
lei de
ayed by�-emission into the new and so far heaviest isotopes of the elements 109 and107 with mass number 268 and 264, respe
tively. The �-de
ay 
hains werefollowed down towards the known nu
lei 260Db and 256Lr, as follows [32℄:272111 ������! 268Mt ������! 264Bh ������! 260Db ������! 256Lr2042 �s10.82 MeV 72 ms10.22 MeV 1452 ms9.62 MeV 573 ms9.2 MeVThe next superheavy element 112 was produ
ed and identi�ed in GSI,Darmstadt by Hofmann et al. [33, 34℄. The de
ay 
hains of the isotope277112 were observed while bombarding 208Pb targets with 70Zn proje
tilesof 344 MeV kineti
 energy. The isotope de
ays by emission of alpha parti
les.Two �-de
ay 
hains were observed. One of them quoted from Ref. [33℄ ispresented below:277112 ����! 273110 ����! 269Hs ����! 265Sg ����! 261Rf ����! 257No400 �s11.65MeV 170 ms9.73MeV 7.1 s9.17MeV 24.1 s8.77MeV 32.7 s1.22MeVChemi
al identi�
ation of newly dis
overed isotopes is very important,be
ause for the �rst time de
ay 
hains of new nu
lei do not end by isotopesdis
overed earlier. Moreover, 
hemi
al identi�
ation of the proton number ofthe new nu
lei is very important, be
ause all the members of the above de
ay
hains were unknown. Sin
e Hg is expe
ted to be a homologue of element112, the short-lived mer
ury isotopes were a subje
t of our interest [35℄.These isotopes emit 
-rays whi
h allow 
onvenient monitoring of 
hemi
alisolation of Hg from the produ
ts of the nu
lear rea
tion. We examinedthe sorption of short-lived isotopes of Hg on metalli
 silver from dilutedsulphuri
 a
id solutions. The outline of experimental equipment is presentedin Fig. 1. The �rst 
olumn, �lled with hydrated antimony pentoxide (HAP),



1680 Z. Szeglowskiretained radionu
lides whi
h interfere with 
-measurements of mer
ury. Itis noteworthy to point out, that on this 
olumn iridium, whi
h might be ahomologue of element 109 (Mt), was also retained. In the se
ond 
olumn,�lled with granulated glass 
oated by metalli
 silver, the short�lived isotopesof mer
ury were sele
tively sorbed. In the experiment the se
ond 
olumn wasrepla
ed by another one �lled with Dowex-1, and isolation with identi�
ationby gamma spe
trometry of above mentioned mer
ury isotopes (among them181Hg with half-life of 3.6 s !) were 
arried out. The obtained results, seeRef. [35℄, have shown that the applied method makes possible rapid isolationof mer
ury and its daughter isotopes. This method is expe
ted to be usefulfor studies of homologues of the other newly dis
overed superheavy elements,su
h as: 109, 110, 111. The 
-spe
trum of the Ag�
olumn measured in theon-line regime, while the 0.05M sulphfuri
 a
id solution 
ontaining mer
uryisotopes and their des
endants was passing through the 
olumn, is shown inFig. 2 [35℄. From Fig. 2 one 
an see that all lines in spe
trum belong onlyto the mer
ury isotopes and its des
endants.
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Fig. 2. The 
�spe
trum of the Ag-
olumn measured in the on-line regime.



Model Experiments on Chemi
al Properties of. . . 16817. Element � 114 and Element 116At the end of 1998, the experiment, whi
h 
onsisted in bombardmentby intense beams of 48Ca of the 244Pu target and was aimed at sear
hinga new isotope of element 114, was performed by Oganesian et al. at JINRin Dubna [36℄. A de
ay 
hain, 
onsisting of three sequential �-de
ays andspontaneous �ssion was observed in this experiment [37℄. The de
ay 
hainquoted from Ref. [37℄ is shown below:292114� 3n���! 289114 ����! 285112 ����! 281110 ����! 277Hs SF���!30.4 s9.71MeV 15.4 m8.67MeV 1.6 m8.83MeV 16.5 m190MeVThe �rst observation of de
ay event of nu
lide 292116 in the experimenton the synthesis of Z = 116 nu
lei in the rea
tion 248Cm+ 48Ca was reportedby Oganesian et al. [38℄. The observed de
ay sequen
e quoted from Ref. [38℄is:296116� 4n���! 292116 ����! 288114 ����! 284112 ����! 280110 SF���!46.9 ms10.56MeV 2.42 s9.81MeV 53.9 s9.09MeV 6.93 s197MeVSin
e nu
lei of super-heavy elements are �-emitters and they emit �-parti
les with similar energy, and the 
ross-se
tions of their produ
tion arevery low, an exa
t attributing of dete
ted parti
les to the proper nu
lidemight have en
ountered di�
ulties. That is why, using the 
hemi
al methodsfor high e�
ient separation of one element from another is so important.So far, there were no reports on experiments using the 
hemi
al methodfor studies elements 114 and 116. There are two basi
 requirements for use of
hemi
al methods as 
onvenient tools of investigations:a proper half-life timeand an enough high yield of a studied isotope. Solution 
hemistry requiresisotopes to have half-life times of the order of several se
onds, whereas the gas
hemistry makes it possible to work with isotopes having mu
h shorter ones.It is noteworthy, that theory predi
ts for super-heavy elements so-
alled`stability island'. Their half�life times might be as long as several minutesand more. This fa
t would allow to use 
hemi
al methods for studies of
hemi
al properties of these isotopes and, what is important, 
hemists might
orroborate their assumption as to 
hemi
al behaviour similarity betweenthem and their homologues.The author is very grateful to Mrs. Helen Godunowa for her help in thepreparation of the manus
ript.
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