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‘Kurchatovium 1sotopes is analysed to:show that the sponta-
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On Non-Observation of the. Spontaneously
Fissioning Activity of. Kurchatov1um-259
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: The nuclide Kurchatov1um-259 was synthe51zed in the
nuclear reaction 24Cm+ 0 ., Its spontaneously fissioning-

activity was observed and ‘the spontaneous fission branch- b
|ing was estimated to be. about 7% . '

The Berkeley work on the radioactive properties of

neously fissioning activity had not been observed there

because of the insufficient sen51t1v1ty of the method used |
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INTRODUCTION. .

Element 104, Kurchatovium, was £irst observed 1) in
the 1964 experiments on the spontaneous fission decay of
its isotopes~259’260Ku. Among;the!products ofkirradiation
of 2#2py with 22Ne ions, in the internal beam of the
310-~cm cyclotron, three spontaneoualy_fissioning activi-
ties with half-lives of 14 msec, ~» 0.3 Bec. and a few

-seeonds were .detected, The_behaviour of the O.3'sec acti-~

. vity wasﬁinvestigated-carefully and it was identified as-

26°Ku by meaauring the excitation functions in cross- irra=
diations. In 1969-70 experimental investigations ’3) on
Ku were continued using the external beam of the cyclotron.

2) more

As a result, the half-life of 260g,, was measured
accurately (T1/2FU 0.1 second) and the second isotope 259Ku '
(T1/2«v 4 geconds) was identified 3). Both these isotopes
were identified on the basis of their excitation'functions .
and integral angular distributions.

~ Realizing the: importance of chemical determination of

the atomic number of the new element, Zvara et als ) developed

'a rapid method of chemical analysis of nuclear reaction pro-

ductse. The first experiments on the identification of ele-
ment 104 were carried out in:-1966 by the method of frontal
chromatography using the internal beam of the cyclotron 5);
These experiments showed that the spontaneously fissioning »
activity formed in the irradiation of 242Pu with 22Ne ions

goes very rapidly through the 4 meter chromatographic
3 '



column and special filter in-conditions favou.rahie—for
" the penetration of hafnium ( a typical representative of
group IV elements), i.e. it is ekahafnium, h'1970-71 '
chemical experiments were per.for'.ned in which Kurchato-
igas—adgorption : 6)

vium was separated using the{thermo~chromatography method~/,
The ¢onditions of irradiations and chromwatographic process
were:so chosen as to be.,optimum for -the:case of 259AKu
('1‘1/2«: 4 sec). In particular, the transit time Of. gas-
from the target to the.gradient part-of the column.was - -
about 0.8 second so that 26(?Ku (T,l/zfao;‘l .sec) decayed
in the initial part of the column and did not affect the
form of the chromatogram. In these experiments the behaviour
ot M'mSc and. 170, 171Hf was simultaneously. investigated.
‘It was shown that:the distribution of . tracks:due to spon—
taneous fission of -22%u alongfthe ‘chromatographic column
was very similar to the-distribution of Hf, This confirmed
that the ~v 4 eecond spontaneously fiseioning nuclide be~
“longs to group IV of the,pez:iodic,table, i.e. it-is an iso-
tope of ‘element 104, - . . .

» For'several years Ghiorso et al:.7),have e:fpressed_some
doubts about these Dubna results on both 2°’Ku and >°Cku,
' As arguments they first used the estimations of half-lives
for the spontaneous fission of both these isotopes. besed
mainly on extrapolations of some empirical relations. Later
these authors attempted to observe this- spontaneous fission

activity in a number of experiments using methods of not

\;
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80 high sensitivity 8), Unfortumtelj neither at that time
nor later the details of the experimental methods and results

of these measurements were published 8,’9). In the bombard- -

ment of 248cp with 160 ions and 2L"s(!m with 18y ions the
Berkeley group 10). d1d not observe the spontaneously fission—
ing activity due to the decay of 259, 26oKu On the basis

of these- results an upper 1imit for the branching ratio for

' ‘eponta.neous fission of 259Ku was set at 20% and, further-

more, from their extrapolations they expect that it should
be less than 01% ref.l0), ‘

The present/work was undertaken with the aim to‘meas'u.re,
using a high-sensitivity method, the spontaneous fission .
hranch of 259Ku decay in the reection 245Cm (180 5n)259Ku.

EX.PERDEWTQ METHOD AND RESULTS ’
The target consisted of the isotopes

(> 99%)
on a 5 micron titanium beckins. The short-lived isotope , k

2q'zcm, deliberetely added to ehboy target, served as a tra-
cer since it permitted, by its elpha-activity, to detect ;
extremely small contaminations, if any, of the experimental

246cm

“detection equipment (the moving catcher foil and the detec-

taneous fission of 2L"s(!m du.ring the measurements.
The experimental set—up coneisted of a conveyer belt‘ .
catcher for recoll atonms and phosphate glass detectors for

recording fission’ frasment tracks and has been described

and 2420111(0.5%) and was prepared bv electrolvsis

. tors) and to estimate the background effect due to the spon= ©



Aelsewhere 2). In order to eliminate the possible transfer
~ of Cm atoms :Lnto the detection area, via the elastio scat—
tering of 180 ions, an additional screen was introduced
to shield the fission fragment detectors.
~ The :eradiations were made on the external beam of
180 ions accelerated with the 310—cm cyclotron of the JIKR.
The energy of the accelerated ions bombard.ing the target ’
was 100 MeV which corresponds to ‘the ‘maximum cross section
_ with the evaporation of 5 neutrons 9) The average inten-
sity of ions incident on the target (1 cn' ) was about 2x 10
particles per second. The integral flux of ions was measu-
red by means .of beam scanning equipment located between the
* beam collimator and the Cm—target and calibrated with a
vacuum Faraday—cup. ' )

Control measurements of Cm alpha-';activityiinsido the
measuring set-up during and after :eradiations showod very
low alpha-activity and consequently the backgrou.nd due to
_ the snontaneous fission of 24'60m was nea:ligibl.v small.

The measurements wére made at a fixed speod,(28 cm/sec)
of the catcher belt and resulted in thek observation of
3 spontaneous fission ‘events due to the decay of a nuolide
produced in the nuclear reaction. The mean lifetime of the
spontaneously fissioning produot was evaluated from the
‘spatial d.istribution of tracka along the glass detoctors.
'Fig. 1 shows the decay curve for the isotope obtained in :
these experiments. The measured half-life of this activity

.
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:is 3.2 + 0.8 sec which- is in good agreement with the

earlier data for 259Ku obtained both with spontaneous -
fission 3) and alpha-deeay 11) The partial cross section
for the production of the nuclide ?59Ku in the bombard—
zent of 246cn with 180 ions measu.red here using ‘the spon-'
taneous fission branch is~ 4 x 10 34 ‘en® o The estimated
possible contribution due to ‘the decay of 292102 which can

be produced in the reaction 246°m(180 dll»n)252102 is less . .
than 5% refs.9,12) ] C R

DISCUSSION
-The results of computations of the excitation functions
for the following reactions. 2“'G(Im(wo 4—5n)26° 259Ku and .
Cm(160 4—5n)260 259Ku have been reported 9) These calcu- :

lated values of the .cross section for the reactions with

~ the evaporation of.5 neutrons appear to be 1.5-2 times smaller '

_than those for the reactions with the evaporation of 4 neut- o

rons, at the maxima of their- respective excitation functions. ‘.
However the measured cross. section for the formation of

25%ku alpha-emitter in the reaction 2“8cm(160 5n)259Ku was
nearly 4 times larger than the calculated value. This result’-/
does not contradict and even well agrees with the results o
of the study of nuclear reaction.s (180 4—5n) on 238U 13)

-and 2q'aPu 14), In the latter investigations it wag observed

that the cross sectlon values decrease by an order of magni—;_

" tude when the heavier target is uged and, at ‘the {same bime,

‘the cross section for' the‘ reactionwithpthe emission of: :



5 neutrons is 3-5 times higher than ‘that for the reaction - S , The branching ratio obtained is about 7% and the yield of

with the emission of 4 neutrons for both- thetargets. »v ’ © 5%y in ths reaction 242Pu(aaﬂe 5n)259Kn in the chemical i
Perhaps this relation between the cross sections for the - ‘ bexperiments of Zvara et al.6) is in fsir agreement with the
reactions with evaporation of 5 and 4 neutrons observed o i _ : - present data. ; ' s
for 238U and 242Pu is also valid for the case of 2460mu ' It is surprising that the authorsurlo)are 8o confident"_
Then the naximum total cross section for the reaction : of thei. eztrapolations and do'not believe ii the possibility
.2460m(180 5n)259Ku with 180 ions of 100 MeV energy,esti- ; : ) . -' of employins sthe spontaneous tission properties of the nuc-
wated on the basis of the above considerations,is about ; . ‘1ides to find new elements 9’15) ‘We are convinced that the .
6 x 10~ =33 on « With this estimated total cross section for ) i . physical experiments’ on the spontaneous fission of-a’ Kureha-
the formatios of 299Ky and the cross section for the pro- ‘ : tovium isotope together with'fhe—chemical method of idenﬁi;
duction of the spontaneously fissloning muclide 259Ku; mea—- fication provide unambiguous evidence for the synthesis of
sured in the pfesent‘work, we get the branching ratio _ - this new element. ' K :
(8F/el ).,7%; : o o : o v : ' The authors are indebted to- ‘Academicisn G.N,Flerov

This value does.not contradict the upper limit for the : g ~ for his constant interest ‘and support of ‘this work, and
branching ratio (SF/ec ) & 20% réported by Ghiorso et al: 1), o V.A.Davidenko and V.N.Polynav for their invaluable assis-
It is worth poting that the critical comments 10) on the ' tance in performigg the work. We acknowledse the help of
chemical separation 6) of Ku are mainly based on indirect - “Yu-V-Poluboyarinov in carrying out’ ’G.he experiments ‘end
analysis of values of Tgy for 25%u which led the suthors 10) . : _the cyolotron' group for ' good operation of the cyclotron. -
to suggest that the branching ratio for: 3259y showld’ be S ' _ One’ of us" (D.M. Nadkarni) wishes to thank the Directorate
much less than 0,1% and consequently the cross section for ’ ' of the Joint Institute for Nuclear Besearch for the oppor-
the spontaneous fission branch should not be higher than ' tunity to work at Dubna.

5 x 10736 cn?, From this it was impllied ') that the spon-
taneously fissioning activity observed in the chemical ex~
periments of Zvara et al 6) could not have been Kurchatovium:
The~experimenta1 results of the ﬁ:esent work show the unsound

nature of the basis of the comments of Ghiorso et s110);
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Fig.1. Decay curve for spontaneous fission of
the isotope 259w,
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