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It is now 70 years since D, Mendeleev vrote in "Founda-
tions of Chemistry'", when recognizing the significance and extreme
importance of reasons for restricting a number of elements: "Being
certain that the investigation of uranium starting with its natural
sources will lead to still more new discoveries I safely advise
to those who looks for a subject of new research to pay a par-

/1

It should be remembered that at a moment wlhien the ?eriodic

ticular attention to uranium compounds'.

Table - one of the most fundamental laws of natural science was
discovered, Marie Curie-Sklodowska was not yet »ne vear old,
Many years passed up to the discovery of naural and then arti-
ficial radioactivity., I believe that at that time th= idea of element
transmutation could even inmpede to some degree revealing the
regularities generalized by D,JMendelecov in his greatest law,
I should like to tell now about the situation in studying all
the wvariety of atomic nuclei and to show the r2zmarkable role the
Periodic Law has been called to play in provicing the progress
in this regiomn,

Nuclear properties are essentially effected by their chargc,

Here nuclear physics agrees with chemistry, An isotopic number -



atomic weight is < lso of a sreat value to nucloar physics (in
contrast to chemistry), Nuclear propertios change considorably
with the atomic wcoight being changed from isolope to isolope, So
the latters arc u=nally systematized according to 2 and A,

Fig, 1 shows the relationship of the already investisated
part in nuclear stndies to that to be investigated,

It looks like a map of isotopes, where Z - the proton muum-
ber and N~ the neutron numbeor are plotted along the axes,
Black squares present stable isotopes, their total number being
about 300,

After the dis.covery of artificial radioactivity when the
possibility appeared to create new unstable isotopes, the nuse was
made of various trpes of accelerators and accelerated particles
and more than 1590 isotopes were synthesized (daslxod recion in
Fig, 1). Thus, the present amount of the lknown isotopes equals
2000, approx.

Analysis leads to a conclusion that the amount of isolopes
of various elemenis with half~lives of thousandth fractions of
a second and loniecr seems to be equal to about 5000 (region
reslricted by solic lines in Rig, 1),

A question aturally arises whether it is reasonable to
continue studying isotopes already synthesized with a view of
defining our know edge of their properties or to synthesize new
ones, Our opinion is that the information obtained in the investi-
gation of an isotoje being far off stability region is much greater
as compared to trat derived from studying isotopes near that
region, It is a general methodological approach to study properties
of a matter in ext-eme slates which is used both by physicists

and by chemists. [sotopes far off the PB-stability region are



limited (1) when the proton number is small and the neutron number
is relatively great and nuclear forces play the major part; (2)

when there is excess of protons and Coulombk forces of repulsion
are fairly important down to the possibility of radioactive decay of
nuclei with the proton emission,

In this connection a heightened interest in study of nuclei
of transuranium elements, where Coulomb forces are so great that
they overcome nuclear tension forces, is quite understandable,
Potential barrier that keeps a nucleus intact in equilibtium nearly
dissapears and the latter splits up into fragments, At the same
time specifically nuclear effects associated wit1 nuclear structure
might express themselves very intensely. It is in this region of
elements where a new kind of nuclear isomerism - isomerism of
a shape has been discovered/z/.

The maximum technical and scientific facilities at the
disposal of scientists were always employed for the synthesis
and study of new elements, By 1955 in the U$SA  elements 93
to 101 have been created, To this powerful reactors, ground and
underground nuclear explosions and accelerators were used.

Elements 99-100 were synthesized as a result of a thermo-
nuclear explosion '"Mike" conducted in 1952/3/ An American
theorist estimated the yield of the far elements produced ~da the
reaction of instaneous multineutron capture anc predicted that
elements 99 and 100 should be searched for in a cloud formead
in an explosion, It took about a fortnight of strenuous work
to catch isotopes of elements 99 and 100 out of this cloud and
to estimate their properties,

Element 10l1-mendelevium was =zynthesized in the cyclotron

by the bombardment of einsteinium (element (99 with alpha-particles,
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It should be =2imphasized that after having synthesized an
element in a nuclear reaction an investicator faces the extremely
complex problem of extracting minor amounts of atoms of a new element
from the tarcget matarial where, as a rule, a mixture of tens of
eloments of Periodizc Table was formed, \ass of the tarset materi-
al to be eliminated is hundreds of million times gcreater as compared
to the amownt of a new element, In addition, difficultics connected
with the <hmilarity of chemical properties of adjiiceont transuranium
elements lvwve to Fe overcome, The extremely complicated problem
ol chiemical idenlification of new elemonts was solved succosslully
thanks to e analogous properties of actlinide family and  lantha-
nides, Thuas the fioane nendeleviun for olement 10T i honor
of NMeondoleoyw was a notural recognition oi the tact that withoat

these furlamental  rvlications of revularilies of chemiciad propor-

tics of olenents it woudd e more difficalt (or nvestisators to

corry oul s=ncce=afally the titanic and ot the soame thme mincde
works which has to be done in synthesizing and stadying trornsie
ranpun ~loments,

Furthicr oo U e Americon sciconlisl=s hopod to produce elomoents
100, 105, 106 and, possibly, even 108 by increasing donsity of
neatron ax and doaration of its influence, With this in mind o se-
ries of rodordround explosions hias been carried oud, Newatron
flux in the centre »f such an explosion amounts to 'JHQ‘) neutrons
passinz thiroush o centimeter squared, Directly after thie expiosion
a borehiole was started to talkke samples of fused rocks fron the
epicentre, Theso =amples were rapidly taken to "hol" laboratories
whiere an attempt cas made to extract new elements chemically,
It was a lroublesone surprise for investigators that the only
'

resull of a special extremely powerful explosion "Cyclamen'" was



an isotope of element 100 with mass number 257 - the havier

[a]

isotope of known element ', Any further elemets have not by
now been synthesized in nuclear explosions, This is likely

to be caused by a small probability of capture of a greater
amount of neutrons by nuclei of initial material or it is due to
short life-time of heavy isotopes,

As far back as 1954 on Academician LV,Kurchatov’s
initiative at the Atomic Energy Institute in Mos ow the preparations
to the synthesis of new elements started, Heavy ions accelerated
in the cyclotron (carbon, nitrogen, neon, argon) were supposed
to be taken for the synthesis instead of neutron fluxes of big
density, Fusion of these nuclei with heavy nuclei of targets (ura-
nium, plutonium) will result in production of ele nents 100 to 104
and heavier,

To this end, a heavy ion cyclotron has heen designed and
in 1961 put into operation in Dubna at the Inter-national Research
Centre of socialist countries (Fig, 2). The magnet weight equals
2000 tonnes, a high frequency power - 1000 kv , power of maghet
feeding is about 1000 kw, wvacuum volume - 100 m3 (pressure
5.10_6 mm of Hg ), From 1961 up to date this accelerator has
been remained the most powerful machine arowid the world among
the accelerators. of heavy ions, Its beam intensity is tens and even
hundreds times greater as compared to that awiilable in the USA,
By means of this machine we have managed tc accelerate such
particles as neon-22 being the major particle for bombarding
targets of heavy elements,

While preparing the synthesis of elements 103 and 104 it
was hecessary to study in detail regularities o’ formation and

properties of elements 102 known by that time, For this purpose 6



an isotope of element 100 with mass number 237 - the havier
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now been synthesized in nuclear explosions, This is likely

isotope of known element ', Any further elements have not by
to be caused by a small probability of capture of a greater
amount of neutrons by nuclei of initial material or it is due to
short life-time of heavy isotopes,

As far back as 1954 on Academician LV .Kurchatov's
initiative at the Atomic Energy Institute in Mos:ow the preparations
to the synthesis of new elements started., Heavy ions accelerated
in the cyclotron (carbon, nitrogen, neon, argon) were supposed
to be taken for the synthesis instead of neutron fluxes of big
density., Fusion of these nuclei with heavy nuc el of targets (ura-
nium, plutonium) will result in production of elements 100 to 104
and heavier,

To this end, a heavy ion cyclotron has leen designed and
in 1961 put into operation in Dubna at the Inte national Research
Centre of socialist countries (Fig. 2). The magret weight equals
2000tonnes, a high frequency power - 1000 kw , power of magnet
feeding is about 1000 kw, vacuum volume - 100 m3 (pressure
5.10—6 mm of Ug ), From 1961 up to date this accelerator has
been remained the most powerful machine around the world among
the accelerators of heavy ions, Its beam intensity is tens and even
hundreds times greater as compared to that awtilable in the TUSA,
By means of this machine we have managed tc accelerate such
particles as neon-22 being the major particle for bombarding
targets of heavy elements,

While preparing the synthesis of elements 103 and 104 it
was necessary to study in detail regularities o’ formation and

properties of elements 102 known by that time, For this purpose 6
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its isotopes were obtained' 7', Earlier American and Sweden
analogous works on the synthesis of element 102 turned out to
be er‘ratic/6’7/. Ev rther on, when synthesizing element 104 we saw
that its vyield as 'vell as its life-time compared to element 102
decline steeply, Even in optimum irradiation regime the vyield
observed accountad for 1 atom for 5 hours of oper‘ation/g/.

The isotope of element 104 synthesized lives 0.3 sec,
Desgpite so short life-time, LZvdra and a chemists’ group managed
to extract element 104 out of a complicated mixture of radioac-—
tive products of rulcear reactions due to the gaseous method
developed by this group/g/. The fundamentals of this method are
the follows. Atoms of element 104 via reaction in the gaseous
phase are chlorinated, then with a view of separating from other
atoms they are transported by gas streem through the adsorbent
system and finally enter a chamber with mica detectors which
register their decay., All the process has to be carried out for
tenths of a seconid., Chemical investigations revealed that a new
isotope belongs to an element whose volatile chloride is similar
to that of hafnium and differs strongly from chlorides of kurium
and californium, that is from chlorides of actinide elements, Thus,
element 104 proved to be a chemical analogue of hafnium,

After that e cperiments on the synthesis of element 105
started. In order "o provide a more single-minded search, it was
decided to study ‘irst of all properties of element 103 isotopes
and then, after th: data on isotope properties of elements 102, 103
and 104 having b2en accumulated, to perform extrapolations with
more assurance, 'Ve succeeded in creating two isotopes of element
257/1()/

103 with mass numbers 256 and . And in this case their

real properties proved to be inconsistent with those ascribed to
/

them by our collesues in America = ',



At the present time at Dubna preliminary data on element
105 have been obtained by bombarding Am tc rcet with Ne ions,
Further investigations are being carried out ained at their
improvement, Its life-time equals hundredth fractions of a second,
and probability of its formation in the reaction is so that we
managed to detect one atom per one davy,

It is the main difficulty of experiments or the synthesis
of new chemical elements that shouws up most vividly here still
lower effective cross sections of element prodaction and still
shorter half-lives with increasing atomic number, It is clear that
element 106 and heavier cannot be created by similar method,
[Further advancement in the region of transuranium elements
by any known method seemed to be impossible,

Howewver, recently new data appeared wlich allows to con-
sider perspectives in the svnthesis of the far transuranium ele-
ments more optimistically,

The point is that in spite of the fact that a decline in
stability with increasing charge and mass of & nucleus is a gene-
ral trend in nuclide properties, the latters do not changing mono-
tonically, The situation reminds, in a definite sonse, of the
Mendeleev Periodic Table,

The periodicity in chemical properties of elements reflects
the extend to which clectron shells of atoms ore populated, Nuclei
possess shells too (closed and unclosed shells), however, in
this case they arce composed of two kinds of particles - of pro-
tons and neutrons, One more complication is gresented by the
fact that sizes of nucleon "orbits" in a nucleus, are commensu-
rable with sizes of particles themselves and thray move in a

force field created by thenselves, Since the qiestion of nature
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of nuclear forces has been so far left open, calculations of
nuclear shells are not accurate enough, However, all the known
experimental data on nuclear properties indicate that these pro-
perties: a nuclear shape, its magnetic and mechanical momenta,
spectra of excited states and the most important property - stabi-
lity against wvarious; kinds of decay reveal strong changes near
the certain proton and neutron numbers, These numbers are
called "magic" and correspond to closed shells in nucleus, Nuclei
containing a closed outer shell are characterized by particular
stability, longer ha f-life as compared to adjacent isotopes or
elements,

This enables one to hope that islands of relatively stable
nuclei involving me gic nucleon numbers may appear against
a general background of decreasing stability as the far transurani-
um region is appro.iched, Close to uranium magic numbers 82
(by protons) and 126 (by neutrons) are known, For further extra-
polations experimental data on the possibly most remote transura-
nium elements is reeded,

The analysis of properties of six isotopes of element 102
synthesized and stidied so far provided evidence that the most
stable isotope has mass number 254 which correspons to
neutron number M= 152 (Fig. 3). In this case 152 neutrons
form a so-caled subshell that also imparts enhanced stability to
a nucleus, The ex.slence of a subshell brindgs about the increase
in yield  of isotope 102251 and causcs its longer half-life as
compared to lighter and heavier neighbours,

Later on, theorists of several countries (I I5A, Sweden, Po-
land, England and US5R) have analysed the possibilities of

existence in superheavy nuclei of real shells and their effect
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on the nuclear stability, They concluded that f element 105 has
as short half-life as 0,01 sec, approx, then frcm the point of
view of the ligquid drop model, elements 110 to 114, where Coulomb

forces destroying a nucleus are very intense, s;hould live only
B

10" 77 sec. In the case of isotopes B0 or however,
with the neutron number 184 these should live considerably lon-
ser (value of N= 184 according to calculations. has to corres-
pond to a closed neutron shell). Fig. 4 presents results of rather
complicated calculations performed by theorists with computors
for various isotopes of element 114, As is se:n, isotope with
mass 298 corresponding to N = 184, has to pissess a half-life
of 102 vears against spontaneous fission. This. isotope is stable
against B ~decay and should have a fairly lonz life-time against

v -decay,at least of the order of years. On: can see the
perspectives proceeding from these conclusions,

The group headed by Prof, Thompson in he USA made an

attempt to synthesize element 114 during a year by irradiating

2448

a target of m'(‘m with 1q;\rd‘o ions, At first the results seemed

to be positive, however the check experiments ruilicated that the
back-ground of other reaction products had hecn rogistered‘/]z/.
The experiments stopped.

It should be borne in mind that these exp2riments could
produce nuclei of element 114 with neutron ruurber 170, i.e, by
14 units less than in the closed shell. Using e emsne 102 as an
example, it was shown experimentally that life-tine «f isotopes
and probability of their production via reaction iledline sharply
when moving off the shell, From this point of view, the result

of Prof, Thompson is not surprising, Therefore, one had to take

different way trying to approach the closed shell as near as
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possible, For this osurpose the heaviest tarset available has to
be irradiated with tie heaviest neutron-excessive nuclei, The
possibility exists to apply plutonium-244 combined with calcium-48,
Though deliberatels- short-lived atoms should be obtained, it is
possible, however, that their life-time will be longer than one
millionth fraction of a second, It will be sufficient for detecting
new element format.on and for measuring its half-life that, in its
turn, will provide rew evidences for further theoretical extrapcla-
tions,

Much the sarie situation is expected in the redgion of
7 = 126, where tle existence of relatively stable nuclei should
be assumed,

It is possible that the above experimental difficulties will
be overcome il ins ead of fusion reactions use will be made of
fisesion reactions, It is to be explained here, why, say, in bombar-
ding uranium by neon a very small amount of atomns of element
102 is produced, The point is that compound nuclei formed in fusion
are excited state and in the process of deexcitation
the fission occurs with the probability by a factor of tens of milli-
ons dgreater than tl'e probability of processes resulting in element
102 production., Thus, the fission hinders synthesis and the idea
concerning its appl.cation to solve this problem seems a bit
unexpected,

The fission p-ocess vyields products of a wide variety of
charges and masses, I uranium is irradiated by neon, fission
fragments are obtaited in the region of 7 = 30-T0, I the case
of U + U reacticn among fission frasmonts there woudd be
(ound transuraniiun elements including the remote ones enriclioc

vithh neutrons sufficiently, We do not yot posscess bedm of uranium

12



accelerated ions, but even by bombardment of uranium with argon
polonium as a fission fragment could be obtaired. The perspecti-
ves of this line are the further increase in sizes of accelerators
widening the score of operation, acceleraton of xenon and
next - of uranium, synthesis of the heaviest isotopes and study
of their properties,

In this connection the following programme of the synthesis
of transuranium elements may be proposed for the near future:

(1) synthesis of light isotopes of elements 114 and 126

by all available means; (2) production of heaxy isotopes by using
accelerated ions heavier than xenon, Suddenly these calm fore-
casts were corrected, In summer 1968 an Engish physicist Prof,
Powell at the general session of the Academy of Sciences of the
USSR reported the experiments with nuclear e nulsions which

25 years ago had resulted in the discovery of 7 -mesons in
cosmic rays and provided a lot of other important information,

At the end of his report he showed photograpis obtained by

his scholar Prof, Fowler who recently had lauiched balloons
carrying photographic emulsions to a height (p to 40 km to study
element composition of cosmic radiation,

In cosmic rays there were detected a laige amount of iron
nuclei (Z = 26) and considerably smaller amount of nuclei in the
region of Z = 60-90, The heavier is a particlz, the thicker is its
track in the photoemulsion, In developing large areas of photoplates
Fowler [ound single very thick tracks which w2re ascribed to
uranium,

In the seccond series of experiments a very long track of a
particle was found that has ionizing effect muc stronger than
nuclei with 7 = 90 (Fig. 5). lnitially, Prof, 1’owell attributed charge

110 to this particle. Somewhat later, however, iaving taken into
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account all possible experimental errors he reduced this value

13/

tion with three American groups confirmed the existence of super-

up to 106 Next »xperiments of Fowler carried out in collabora-

heavy component in cosmic rays, 15 tracks with Z > 80; 3 tracks
with Z > 1007 1 track with 7 = 108 were obger'\fed/]yl/.

Determination of particle charge by its track in a photoplate
is a very complicated problem and it is difficult to discriminate
between values of 9), 100 and 110, Processes occuring in
photoemulsion in slowving-down of such heavy particles have not
vet been studied wcll enough, For instance, the sonsitivity of
photoemulsion is kncwn to depend on temperature, Whereas plates
themselves were coll, the emulsion was heated along the path
of a particle and its effect could be estimated only approximately,

At the moment as big amount of heavy particles as possible
has to be registerel and a function of particle vield on a chargce
has to be plotted, E ements with 7 from 84 (polonium) up to 80
(actinium) should not be met in cosmic rays since they have no
suffici=ntly long-livec isotopes, Therefore | the crowth of the num-
ber of events resistored allows to point where the region of

7 = 90 starts and o determine a charse of heavier particles with
more confidence,

If the data reported by Prof, Fowler are true, it provides
for very essential conclusions, One nucleus  with Z 02
falls onto meter squired of the Earth surface per 24 hours, ie,

a bit less than the ¢ mount of uranium nuclei, This means that

the life-time of (hese nuclel is nol less than tens of million vears
since the specilic cmtent of a component in cosmic rays is pro-
portional to its life—t me, So, it is sufficient to obscerve o fow nuclei
with cood confidence for @ conclusion to be made that nuclei

with life—time of the ordoer of tons and even  hundreds of million



vears exist in the region of Z = 110-114, 126, Close to these
a group of tens of isotopes has to exist with & bt shorter life-
time, If it is so, a new region involving both sufficiently long-
lived and short-lived elements will be added to th» latest element
105 of the Nendeleev Periodic Table,

It is obvious, thus, that theoretical extrapola ions and expori-
mental evidences do not limit practically the range of valucs of
half-lives for elements near 114 and 126, These 1wy be millions
of years and millionth fractions of a second., So tie investisator
who hopes to prove the existence of these elements has to deal
with a rather various experimental technique., Fig, 6 shows sche-
matic view of the region of khown elements from ‘horium up to
kurchatovium and also presents conditionally hypothetic redgion of
elements near Z = 114, Along horizontal axes ptolon number (Z)
arki neutron number (N) are plotted, For every isotope a height of
column shows a half-life (vertical axis), Three planes cutting the
time axis correspond to wvarious values of half-life: 1(>_9 Vears
(0,03 sec), l,():}’ vears and ‘1()8 years,

As far as the Information on short-lived nuc ei Is concer-

ned, it can be obtained, apparently, only by synth sizing them
artificially, the only possibility to reach the appeared stability
recion being rmclear reactions induced by heavy  ons, An attempt
to create element 111 with the accelerator, cxperiniental possibili-
ties and porspectives  inthis direction were descril:»d above,

Much longer life-times are accessible in investications of
cosmic rays, which age has an upper limit of the order of 10 -
l,f‘/(w) yvears, Along with direct studies of the cosmic ray compositi-

on, one can try to detect superheavy lransuraniuy elements on

the Earth surface where they can fall constantly from the cosmic



space, As it was mentioned above, one atom with Z> 92 falls
onto 1 m2 of tre Earth surface per 24 hours, lL,e. about 70 mkg
per year to all the Earth surface, It is a terribly small amount

to be detected, however, data which can be gained therewith is so
important that we have to make an attempt,

First of al chemical properties of elements 110-114 should
be predicted, Tien these elements have to be extracted from the
deposits where they could be kept as a result of geochemical pro-
cesses, Chemical studies of kurchatovium indicated that starting
from Z= 101 an outer electron shell is populated that is kurcha-
tovium turned oit to be a chemical analogue of hafnium and not an
actinide, Hence, elements 110-114 may be supposed to be a chemi-
cal analogues o' Pt- Pb .

Cosmic new-comers are slowed—down at a big height in
upper layers of stratosphere ymnainly close to magnetic poles.
Further on, these are spread over by atmospheric fluxes

and fall onto the Earth surface with precipitation, Thus, one

had to try extracting eka-lead and, possibly, other elements from
water of lakes and oceans and to study their spontaneous fission
and « -decay, Eka-lead and other new elements ( eka-bismuth etc)
fall from sea weter by coprecipitating with hydrooxides into sea
deposits, where the content of these elements is likely to be higher
as compared to natural lead, From this point of view, processing
of iron-manganese nudules and other materials is of interest, It
is also interesting to study meteorits and the moon surface which
is likely to become accessible to man in the near f{uture,

Finally, if elements we are searching for possess life-
times comparablz to the Earth age, then it is naturally to iry to
find their long-lived isotopes in minerals and to analyse possibi-

lities of their e:traction with a view of studying their physical and
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chemical propetties, determining mass and modes of radiocactive
decay,

If eka-lead (i.e. element 114) really copricipitates with lead
via geochemical processes, then it should be searched for in
lead and lead minerals,

Experiments on the search for spontaneous fission in lead
were performed at Dubna, 2 m2 of thinnest mylar ilm have been
contacted with a lead foil for a long time, As il was mentioned,
eka-lead has to be an « -active and spontaneous y fissioning
element, If lead contains nuclei undergoing spontancous fission,
the film will detect fission fragsments, The lead itsel did not
fission practically: its half-life should be equal to 1‘)40 years,
approx, (to illustrate this value: in 1 l<m3 of lead :wo fission
events occur for one thousand years). "Sandwich" >f inylar film
and lead foil was put underground at a depth of 40 m to be
protected from cosmic background, After 100 days 5 tracks of
fission fragments were detected in the film, Calculat.ons showed
that if these fragments belong to lead its half-life w1l be not
1040 yvears, as should be expected, but 1021 vears, The appeared
reduction of lead half-life may be caused by an extremely small
impurity of eka-lead which, however, decays many limes faster
than the common I1»ad,

Long duration and laborious character of experiments with
lead foils forced us lo turn to samples where nuclei contained in
lead have been redistered for a long time, These =unples are
prosented by glass contacted to metal lead for man, yvears and
glasses containing in their material lead compounds as woell as
lead crystallic minerals, Fission fragments leave in glass, some
crystals and in mylar latent tracks which could be scen in the

ordinary microscop after the proper etching,



In processing 10 cm2 of glass surface of stained-glass
panel of the XV century contacted to lead and 80 cm2 of glass
surface of Leicen cup with lead facing made at the end of the
XIX century nc one track of fragment was found, This result
is in accord wth the appeared low limit of half-life of spontane
ous fission of ead T,/ 2 x 1022year5 for the glass panel of
the XIV century and T, 1O22 yvears for the Leiden cup. (For
comparison: effact of thorium nuclei fission by cosmic rays at
sea-level leads to the appeared low limit of spontaneous fission
half-life of 1,5 x 10 years/ / The absence of fission frag-
ments in glass being in contact to lead seems to prove that the
effect of nuclear fission induced by cosmic particles is very
small.

One more series of experiments was performed with glass
samples contairing lead, To detect fission fragment tracks in the
glass volume a consequent etching was employed, In each act
of etching glass layer up to 20pk was removed, Special check
experiments revealed that fission fragment traclks differ strongly
from accidental defects of glass,

In the experiment on lead manufactured in 1958 (lead
concentration 40%) in the glass volume of 0,7 cm:?) there were
detected 27 fiscion tracks, The effect observed corresponds to the
appeared spontc.neous fission half-life of lead contained in glass:
Tx’z ={2 + 0,7) x 1020 years,

{ In the experiment with a cut-glass vase made at the end
of the XVII cenury (lead concentration 7%) in the volume of
0,27 cmj% there were detected 31 tracks of fragments which corres-

pond to the appezared spontaneous fission half-life ll/ (3+

+1). 10 years.
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It should be noted that the contribution of fission of thorium
contained in these glasses by cosmic particles is negligibly small,
It is concentration of thorium at the level of 1% by its weight
which is dangerous. Check experiments showed tha the content
of thorium in these glasses does not exceed 10_5 fe.

Background due to spontaneous fission of uranium contained
in these glass samples (less than 10_7 g/g) can not exceed 3%
of the effect being observed,

Thus, in the experiments with lead glass and lead contacted
with mylar the effect of nuclear fission was detectec. which can-
not be attributed neither to spontaneous fission of thorium or
uranium contained in these samples nor to their fiscion induced by
cosmic particles,

The hypothesis of existence of a heavy chem.cal element-an
analogue of lead or of an element accompanying it with a half-life
against spontaneous fission of over 1()8 yvears contained in samples

=12 ~13
in minor amounts |10 -10

g/g, may serve as a possible
explanation of the effect being observed,

Difference in effects observed on lead glass :amples and
those contacted with metal lead may be caused by ilifferences in
chemical technology when preparing metal lead and its compo-
unds introduced into glass composition,

More definite answer may be obtained by usirg possible
difference in chemical properties of lead and eka-lead in order to
develop chemical technique of its separation, Enrickment of
100 times is enough to check reliably the preliminary data of the
investigation. Chemical properties of eka-lead are liltely to be dif-
ferent from those of lead. For instance, eka-lead dces not seem

to have a stable tetravalent state, This had to be :omewhat ampho-

v



teric, Volatility of its compounds and chloride dissolubility should
be higher then those of lead, Moreover, a bigger ion radius
allows to aprly ion-exchange chromatography for its extraction.
Further on, in addition to processing and treatment of new sam-
ples of lead slass the search for spontaneous fission effect is
advisable in .ead minerals which have been protected from cos-
mic irradiatior by thickness of rocks and which have geological
age of the oriler of tens of million years,

Side by side with this line at Dubna there will be carried
out works on the synthesis of e}emonts 114 and 126 with the

. . 48 6%, .
heavy ion accelerators using (Ca and “’0 Zn  ions, If these

0

experiments a-e successful, we could confirin yet preliminary
conclusions ¢ ncerning the existence of relatively stable super-
heavy elements, This, in its turn, will make one totake a new look
at many problems of nuclear structure and nuclear forces which
act between nuicleons,

To conc.ude, it can be said paraphrasing Mendeleev's
words, that the investigation of lead and adjacent elements
starting from its natural sources will lead to many discoveries
andl can recommend with confidence to pay a special attention
to studying lead compounds to all those who looks for a subject

of new investication.,
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