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OrrbiTbi rro xBMBB 9neMeHTa 102. 1. AllcoponBB xnopuJla 102 9neMeHTa 

H3 raaoaol!: QJa3bi . 

BrrepBbi9 H3y'!anHCb XHMB'!eCKHe CBOliCTBB 9neM9HTB 102. npoBeJleHO rra­

pannenbHOe cpaaaeaue aJlcoponuoHHbiX cBol!:cTB xnopHJlOB Tb , Cf , Fm u 
2S8 102 B ycnOBHBX, BC!!Onb30BBBlliBXCB !!pH XBMB'IeCKOl!: HJl9HTHQJBKBUHB 104 

9neMeHTa. noKB38HO l!OJlOOHe BJlCOpOUHOHHhlX CBOl!:CTB xnopHJlB 102 9neMeHTa E 

xnopBJlOB 9neMeHTOB In rpy!!llbi. _ nonyqeHO JlO!!OnHBTenbHOe llOJlTBeplKJl9HH9 

pe3K HX paanH'!Hl!: B neTy'!eCTH XnOpBJlOB 102 H 104 9neMeHTOB. 

llpenpBHT 06'J.e.llBB8BBOrO BBCTIITyTa tr.QepBWX BCcne.QOBaBRie 

lly6aa, 1967. 

Chuburkov Yu.T., Caletka R., Shalayevsky M.R., E6-3076 
Zvara I. 

Experiments on Chemical Properties of Element 102. 
1. Adsorbtion of a Chloride of Element 102 from Gaseous Phase 

Chemical properties of element 102 have been first investigated. 
The adsorbtion properties of Tb, Cf, Fm arrl 2H 102 chlorides have 
been compared urrler coriditions used while chemical identification of 
element 104. The adsorbtion properties of the element 102 chloride 
are shown to be similar to that of the chlorid e s of elements of group 
III. A sharp difference in volatility between the chlorides of elements 
102 and 104 has been confirmed once more. 

Preprint. Joint Institute for Nuclear Research. 
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First informa tion about c hemic a l pro p e rties of e lement 102 was pro­

bably obtained in pape) 1 / x/ • The p a per dealt with the s tudy o f c hemi­

cal properties of element 104- Kurcha to vium. In s p o n taneo u s ly fissioning 

products obtained from the bombardment of 
242

Pu with 2 2 
Ne a lon.g w ith 

260 1 3/ 
104there is a n iso tope of element 102 with mass number 25 6, T~ • 6 +2 sec . 

(This nuclide is mainly alpha.- active, however, in a bout 1/150 of events 

it undergoes sponta neous fission/ 
4

/ ) . The counting rate of fission frag -

ments of nuclides 260 104 and 206 102 is a pproxima tely the same in the i~ 

tera ction products: one event per several hours of bombardment. In expe­

riments on chemical properties of kurchatovium the molecules of the chlo­

ride of 
260 

104 were transported by a gas stream to the fiss ion fragment 

detectors through a 4- meter-long tube and a n a dsorbing filter, w h ich a d -

s orbed, a s w a s shown, chlorides of elements o f g r o up III ( c urium a nd 
californium). 

Fission fragments of 
2 06

102 nuclei were not reg is tered by thes e de­

tectors, The chloride of element 102 was supposed to be a dsorbed as 

well, since according to predictions a v a ila ble this element s h ould be a n 

" a ctinide"/ 5 / or a "curide" / 6 / • 

In principle, the apsence o f the tracks in the d e tecto r could be due 

to a g rea t vola tility o f the chloride of eleme nt 1 02 (half-life is a b o ut 6 sec, 

w hile the couting time is a bout 0 , 7 s e c ). One c ould not make fi nal co~ 

elusions a bout chemical pro perties of the n ew ele m e nt w itho ut excluding 

this possibility. 

Hen c e, the ques tio n w hether element 102 i s a n a logou s to the ele­

ments o f g r o u p III o r is s ig nificantly diffe r e nt from them was n ot unarrbi-

g uously a n swered. 

x / P ape) 13/ infor ming a bout .the discovery a nd the r tu d y of che mica l 
properties o f n obelium a ppeared e rro n eous/ 1 4 ,3 ,9 , 1 5 , 16,17 . 
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Therefore we h a ve performed special experiments on 
266 

102 with 

the aim of checking the concepts concerning chemical properties of ele­

ment 102 and the structure o f p erio d VII of the Mendeleev periodic table. 

The purpose of the present paper is to compare the beha viour of element 

102 with those o f Tb Cl and Fm during chlorination a nd a dsorption. 

Experiment 

The experiments were performed in the JINR Heavy Ion Cyclotron 

( U-300) by means of a n apparatus for a fast continuous separation of 

nuclear reaction products which was placed in the chamber of the a cce­

lerate) 
7
/, A block-diagra m of the apparatus is shown in Fig. 1. 

A thin target ( 900 p. g / cm
2

) ( 1) was bombarded with a heavy ion 

beam ( 2 ). The recoil atoms were slowed down in the stream of nitrogen 

continuously flown behind the target (volume- 3) and then chlorinated by 

means of NbCJ·6 + ZrCI 4 or NbCJ 6 vapors. 

The chlorides are transported by a flowing gas with different speeds 

a nd, as a result, distributed between subsequent parts of the apparatus, 

The experimental conditions (temperature, partial pressure of chloride 

vapors, the material of the gas conduit walls) are given in Table 1. 

Alpha.- a ctive isotopes 
149

Tb , Tl{ • 4,1h (10% alpha-decay);H 6 CI, 

260 • 262 
T~->.,37h; Fm;TI-> .. 30min; Fm T~->"' 23 hand 

266
102 , T~.,6 sec 

were used in the experiments. These isotopes w ere produced from the bom­

bardment of a complex target consisting of the oxides of 288 
U and 144 Sm 

(95')1:, enrichment), the weight ratio being 9:1. Oxygen-16 and neon-22 w ere 

used as projectiles (at energies given in Table 1) . Californium, fermium 

and element 102 were obtained as a result of the followinG!. reactions and 

processes/ 
8

•9 / 

148 
Gd and 149 

Tb 

bardment of 
IU 

Sm. 

288 U ( 16 0 • 4 n) 250 Fm 3o min 
a 

2HCI' 238 U(160a, 4n)246CI 
1 

U8 U(22 Ne ,4n)266102 ~262Fm 
a 

283
U(

22
Ne,a4nf6

2
Fm • 

were formed by nucleon transfer rea ctions in the born-

4 
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C I was 
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0 io 
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tions contained ( of La ( 1 
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matographic column, 80x2 
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re with 0,5 NHNO 3 calif or 

with 3N HN08 simultane 
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The isotopes obtair 

particle energies and hal 

Alpha.- activities of 

means of 2,5 cm
2 

semi- c 
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stability made it possibl• 
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per measurement time. A. 

the energy range of 2 ,5-

died elements and possil 
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"lnd then chlorinated by 

;as w ith different speeds 

parts of the appar a tus. 
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are given in Table :1. 

Oo/o alpha- decay ) ; H
6 

Cf, 

and 
256 

102 , T ~ .. 6 sec 

' produced from the born-

ddes o f 288 u a nd 1 44 Sm 

~n- :16 a nd neon- 22 w ere 

:1). Californium, fermium 

following reactions a nd 

~r reactions in the born-

Data on the effective cross sections fo r the a b ove reactions/ 
6

/ in-

dica te that in the prolonged bomba rdment w ith :1:10 MeV 
22 . 

N e ions a b o ut · 

40o/o of 
252 

Fm was produced a s a result o f 256 102 decay. Simila rly, a sig-

nificant part of 
246 

Cf was produced as a result of 
25° Fm decay a fter the 

b o mbardment with 16 
0 ions. 

The amounts of 149 Tb , 246 Cf and 
252 

Fm were measured in a 4- meter 

long tube ( 4), in a inert filter ( 5) and in chemical filter ( 6) or in a trap 

( 7) mere the c!llorinating agent was condensed. For this purpose the 

apparatus was dismounted after the bombardment and the nuclea r rea c­

tion prod ucts were washed from each part s epa rately. 'The washing solu­

tions contained ( of La ( :lmg), of Ce ( :lOmg) as carriers a nd 
155 

Eu u sed 

for determining chemical yield. Then La F 8 a nd Ce F 
8 

were precipitated, 

oxydalion by KBrO 8 was performed and Ce w a s separ a ted through the 

precipitation of iodate. For further purification a partition reversible chro­

matog raphic column, 80x3 mm, with di-/ 2-ethyl-hexyl/ -phosporic acid o n 

teflon ( 0.25 mVg) was used. Lanthanum was eluted a t the r oom temperatu-

re with 0.5 NHNO 8 

with 3N HN08 

pla tinum disk. 

californh.lll\ fermium, terbium a nd europium , were eluted 

simultaneously and the solution was evaporated o n the 

'The isotopes obtained were identified on the b asis of their alpha-

particle energies and half-lives. 

A..lpha.-activities of the samples were measured spectrometrically by 
2 

means of 2.5 em semi- conductor detectors and a :100- channel amplitude 

a nalyser. 'The detector efficiency was about 20 per cent, the equipment 

stability made it possible to perform measurements for few d ays. The 

background in a n energy r a nge of > 6 MeV was much less tha n one event 

per measurement time. Alpha- a ctivities of the samples were measured in 

the energy range of 2 •5- 9 MeV so that alpha- particles from all the stu­

died elements and possible impurities could be simultaneously detected. 

'The measurements were performed continuously for s everal days. 

In Fig. 2 the parts of spectrum near the a -particle energies of the 
149 

Tb , 
246 

Cf a nd 
252 

Fm obtained in a 3 5- hour-long me a surement are shown. 

For that time no alpha.- particles w ith energies a b ove those of 
2 52 

Fm were 

detected. 



Results and Discussion 

The distribution of the given isotope along 'the gas duct which is 

esta blished in a prolonged expe riment is resulted from a number of pro­

cesses. It depends upon the kinetics o f the chlorination reaction, mass 

tra n sfer from the gas flow to the surface of the walls, adsorption and 

desorption of chloride molecules , the formation a nd precipitation of a ero­

sol particles, chemical interaction between molecules and the surface of 

the walls a nd so on, 

The m a in role probably belongs to the adsorption of molecules on 

the surface of the conduit walls /
7

•
10

/. It s lows down the speed of trans­

portation alon g the duct of the molec ules of the component adsorbed as 

comp a red with thi;.t of the inert gas, 'Ihis phenomenon is known to be 

used in gas chromatography, 

It took a bout 0,2 sec for the gas stream to pass from the target 

to the chemical filter or to the condensing trap. Under the conditions in 

the case ( Table 1) isotopes o f elements forming comparatively volatile 

chlorides ( Sn 1 Nb , Zr , HI kurchatovium) pass this distance for 0,4 sec, 

i,e. without any significant delay, a nd are accumulated only in the chemi­

cally a ctive filter ( 6) or in the trap ( 7) ( Fig. 1). ( Chemical filtration was 

based on c hemica l sorption with sodium chloride). At the same tine iso-

topes of e lement s forming less volatile chlorides ( Na Sc , lanthanides, 

Cm , Cf ) ~re by 9S- 99o/o adsorbed on the surface of the tube a nd 

in the filter /1. ?/ in up to 70-- hour-long experiments. 

'I'he study of the distribution of the chlorides of this g roup between 

the tube and the filter indicated that their behaviour is still somewhat dif­

ferent. ( c,f, Table 2) . 

Condensation a nd adsorption processes occur due to the same 

molecular forces, Therefore the relationship between the a dsorption heats 

for different c ompounds is in the firs t approximation close to that between 

h eat s of evaporation or boiling temperatures. 'Ihis is the reason for the 

corr espondence between adsorption beha viour and volatility of chlorides, 

'Ihe results obtained in the study of element 102 are given in 

Table 1. 'I'he number of atoms o f each isotope found in the tube is taken 

6 
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l a t e d o nly in the chemi-
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). A t the s a me time i s o­

( Na Sc , l a nthanides , 

surface o f the tube a nd 

tts . 

s of this g r oup between 
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)n close to tha t between 

.s is the rea son for the 

1d volatility o f chlorides, 

ment 102 are given i n 

und in the tube is taken 

as 100
1 

the number of a toms found in the filte r s is given a s a fractio n, 

The standa rd devia tions e v alua ted from the total number o f the d e tecte d 

decay events of the iso to pe a re g ive n. Whe n the v a lues given i n Table 1 

a r e b ased o n the dete ction of a very sma ll or z ero num ber o f d ecays, 

they a re cho sen to be the most probable ones. The fiducia l limits given 

in the table a re ta ken from the P oisson distributio j 
11

•
12

/ . As was n o ted 

a b o v e , the behaviour of the a toms of 
2 ~ 6 

102 was defined b y m e ans o f 

the d a u g hter isotope 
2 ~ 2 Fm. If the properties of the chlo ride o f element 102 

differ from those of the chlorides o f group III, then 
2 ~ 2 Fm should be dis.­

tributed between the parts of the appa ratus according to the following 

inequality: 

The amount o f H B Cf ( 149 Tb l a toms in the chemical filte r 

"' The a mount of 
2 4 6 

Cf(
149

Tb l a toms o bta ined in the experiment. 

The a m o unt o f 
202 

Frn a toms on the c hemica l filter. 

The a mou n t o f n
2 

Fm a toms o btain ed in the experiment. 

As o n e can see from Table 1 t h e r a tio between the number of 

a t o ms o f 
2 ~ 2 Fm in the chemical and inert filters a nd the w h o le number 

of a toms obtained in the experiment is not hig her tha n tha t for 
2 46 

Cf a nd 
149 

Tb . If the chloride of elem ent 102 h a d been s ignifica ntly volatile, the 

dis tr ibutio n o f 
262 

Fm should h a ve been displ a ced in the direction o f the 
0 246 1 49 0 

gas flow . Sinc e th e fractwn o f Cf , Tb lT1 the filter and the subs e-

quent parts of the appar a tus is n o t a b ove s evera l p er c ent, the sen s iti­

v i ty o f d e tection o f this d i splacement which can b e a c hieved in prin c ip le 

is sufficiently hig h, One should s tress that the behav..iour o f HS Cf is to 

a g r eat exte nt due to the c hemical p r operti e s o f. its paren t iso t o pe 
26° Fm 

( see a b ove ), 

The a bove- mentioned results and concepts indica te tha t the chloride 

of e l ement 1 0 2 undergo es s tro ng adsorption a nd therefore is not very vo­

l a tile. It w as directly shown tha t the properties of the chloride o f element 

102 a nd of chlorides of fermium, californium and lanthanides a re simila r. This 

fa ct un:J.mbig uously indica tes that the chemical properties of element 10'2 

a re c l ose to those of lighter transplutonic and lanthanide elements, 

7 



C o nclu s ion s 

1) Studies o f the c h emical pro perties o f element 102 were conducted 

fo r the firs t time. 

2 ) The c hloride o f e lement 1 02 is clos e to chlorides of Tb .cf a nd F m as fa r 

as its v o la tility ( a d sorba.bility on the surface of s olids) is concerned. 

3 ) There was a hig h deg ree o f sepa r a tio n o f ele ment 1 04 from spon­

ta neou s ly fissio ning 236 
102 in the experiments o n c hemical identifica tion 

o f 
260 

104 / 
11 due to a s h a r p difference in the vola tility of their chlorides. 

The a utho r s a re g r a teful to Profes sor G.N.Flerov, for the formula­

tion o f the p r o b lem a nd per man e nt interest in the w ork and to B.V.Shilov, 

B .V.B utenko , G .V.B ukla n ov a nd V. Z . B elov for their a s sistance in perform­

i ng e x periments . 
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TABLE 1 

* Exp . Ion energy Part T Mate- Distribution of isot9pes along the apparatus 
No MeV of the /C 0 I 

rial 
*** 246Cf 252Fm Carrier 149Tb 

160 22Ne apparatus ~50Fm +246c~ [256102 +252Fm 

NbC15 tube 250- teflon 100.:!. 7 100 .:!. 18 100 .:!. 10 
JOO 

1 90 110 o.2mm l!g inert fil- 250 glass 8 7+2.1 5 4+7.4 1 2+2.2 
• -1.7 • -).9 • -1.0 ter 

** 
chem.fiter JOO NaCl 1 1+0.5 1 4+2 •3 0 7+1.4 

• -1.4 • -1.4 • -0.6 

tube JOO- glass 100 + 6 100 .:!. 11 loo + 15 
NbC15 

J50 
7 5+2.2 +10 

5 5 to8.2 2 90 110 0 . 2mm l!g inert fil JOO glass • -1.1 16 -6.7 • -).9 

;; 

ter ** 6 5+2.2 2 5+4.8 2 o+J.J 
jchem.filte JOO NaCl • -1.7 • -2.1 • -2.0 

tube JOO- glass 100 .:!. 0.5 100 .:!. 12 100+ 22 J50 
** NbC1 5 inert ** 

0.5+0.9 1 4+2 •3 
J 90 110 filter JOO glass l.J.:!. 0.05 • -1.4 0.2mm Hg -o.5 

** ** condens. l.J.:!. 0.1 o 8+l.J 2 4+4.0 
ZrC1 4 trap JO NbC 15+ ZrC j4 • -o.8 • -2.4 

0.05mm Hg 

* 
** 

The amount of isotopes adsorbed on the s urface of t~e tube in all the experiments is taken 100. 
Not a singl pulse was detected. 

*** 148 The distribution of Gd i s not g iv en separately. 

TABLE 2 

Chloride T boil ing T exp. 
(C o) (C o) Notes 
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J 90 110 

I 

* 
** 
*** 

The amount of isotopes adsorbed on the surface of t~e tube in all the experiments iS taken 100. 

Not a singl pulse was detected. 
The distribution of 148Gd is not g iven separately. 

TABLE 2 

Chloride T boiling T exp. Notes 
(Co) ( Co) 

SnC14 llJ 200 Not adsorbed in the tube and inert filter 

HfC14 Jl7 subl. 250-J50 " - " -
ZrC14 ::lJl subl. 250-J50 " - " -
InClJ 498 subl. 250 Adsorbed in the inert filter 

J50 Not adsorbed in the inert filter 

ScClJ 1077 250 Adsorbed in the tube and in the inert filter 

J50 >20~ passes through the inert filter 

LnClJ 1700 250-J50 >9~ is adsorbed in the tube 

AmClJ 1752 250-J50 >~ of curium is adsorbed in the tube. 
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Fig. 1. A block- diagram of the apparatus f o r chloratination a nd fas t 
sepa r a tion of nuclea r rea ction products. 1. Target. 2 . Beam of 
accelera ted part icles. 3 . Gas volume behind the target. 4 . 'IUbe 
5 . Inert filter. 6, Chemi c a l filter. 7 . Condensate trap. 8 . Outlet of 
the gas , 
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An example of alpha- spectrum of terbium and heavy tra':'splutonic 
e l ements fraction. A.- number of alpha- particles detected m for 
3 5-hour measurement. N-chanel number . . 

The values o f a lpha- particle energy (MeV) are g •ven, 
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