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THO NEW BLEMENTS~-ATOMIC NUMBERS 102411_;{;;_\?1); 105 "
h Albcrtvdhiorso s
Lawrcnég Radiétion.Labofqtdry
"~ University of California -
Berkeley, California
In the‘iaét five years new matcrialé and some very sophisticated

techniques have becéme evailable for,thé pr¢paration of new élements that go
beyond éhe so-called actinide series, a Rarerﬁarth~like chemical serics of
elements ending with number*103, lawrencium. The latier elemeﬁt was dilscovered
in 1961 et Berkcléy and was the culmination of research vhich spanned a con-
slderable period of time. Seven more. years were io elapse before the next
step wvas 10 be combleted but now there is good reason to believe that within
the next year elements with atomic number aé high as 107 may be obécrved.
This article ﬁiil attempt to show_whé£ has happened to make these new'exteﬁsiOns
of the periodic t;ble possible. Associated with the author in the research
to be described are Matti>Nurmiavand James Harris of the LaWrence ﬁudiation
Labératory and Kari and Pirkko ﬁskola, a husband and vife team on leave from
fhe University'of Helsinki iniFinland.

| The elements beyond uranium have not survived on Earth because fhe
hulf;lives of their isotopic conétituents‘are all too shorﬁ. They can hovever
be made by successivc_neutron—cuptﬁre reactions in high«flﬁx reactors and by
charged-particle reactions with heavy~ion éccelerators‘ The neutron reactor
nmethod is-very efficient and is able to §upply the transuranium elemeﬁts ih
gquantities ranging from fﬁousands df toﬁs of en eleﬁent like plﬁtonium,”elcment

{

g e | o , ,
gh, to 10 atoms of 2 e {the heaviest-known isotope of fermium, element 100).

At atoric number 100, however, there is e&n almost irmpassable barrier in the

¥ ’ .
Work performed under the auspices of the U. S. Atomic Energy Commission.
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form of @ vexy short~lived isotope,,z 8Fm, vhich de ays by spontannouo fisoion
before it can capiure neutfons, so that there the neutron--bulldup proeess comes
to an end. Fortunatcly the heavy—ion accelerator tcchn;que is not ha*oered by
such & blockage. Thounh it is not poo51ble to produce large quantiuleo of the
heavier elements in this ranner they can be formed, but vith a ropidly decreasing
" probability. as. the atomic number is incrcased. It is not intended in this article
to discusslthe~vcry;realnpossibilityvof reaching'a-hypotheticalx"island~of-'

stabllity" in the region of atomic number 11k, but the techniques to be described

-

L 4

will-aiso be appliecable to such a study.. .
Thevdifference between the neutron-buildup and the heavy-ion approcches

in forﬁing.new elemenfs can be indicated in'the following vay. In thc.firsﬁ

case in going ffom a target elenenﬁ such as plutoniumvto a final product such

as fermium a‘considerable amouot-of time must eiapée. This is‘becadse the.

taxpget material ﬁnderooes & long series of'néutrdn—captdres and-betakdecoys

wtil & small portion of the original material has been transmuted into a

neutron-rich 1sotope of the desired element.. In the dccelerstor approach,

the desired number of.additional protons can be added at once within certain

narrow'restrictions.. The yield in this case is extremely emall and’ the produet

is ﬁsually a neutron-deficient iootope. To produce eiemehts vith atomic number

gledter than 100, ve huve found it advantageous to cowblne Lhe two methods. The |

U.S. has a large, eff1c1ent reactor program for the p*oduct:on of xeterlals up

to elnsteinium in‘u?efol quantities. When these hoavier elevootvvaze then bOn—'

barded with heavy ions of carbon,vnitro~en, or oxygen, it has been possible

1o identify clements’ up to element 105 Completed in 19)7, Lhe Berxelcd

"~ machiné used for this »ork 1s the H°avy Ion Linear Acccleraiol (HILAC)
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~ Since the new elements éfe short-1ived, it is not feasible'to separate
the transm&t&tion-broducts'from the térget material by ordinary chemicalbtéchniques.
Two ‘ decades agovwe'found it expedieht to take advﬁntége of the inherentvla:ge‘
recoil energy which‘ié imparted to the product vhehAit is formed by £he amal-
gamation of a target atom with an impinging heavy ion traVcling at é speed rouéhly
1O%vthatvof'light5 .This energy.is large enough to enable the newly-born ato@ fo
be knocked completely out of a target and fhus'ﬁake itvavaiiablé for measurement
of its nuclear or chemical propertiés.free.fromfthe-intérference éf the properties
of the target matefial.  ) |

In 1964 the Tirst attempts to detect atoms of element 104 were made

at Dubna, an international nuclear science center near Moscow in the Soviet Union.

2kh2

- G. N. Flerov and his co~wofkers bombardéd-a'target of = “Pu with 22Ne ions, using

the large 310 cm'cyclﬁtron. The transmutation prodhcts vere caught in an adjacent
moving metal ribbon as they recdiled’out of the target. The continuous “conveyor

belt" passed next to sheets of glass which were there to act as detectors of

-spohtunedus fissign disintegration-of[elemént 1Qh; The invisible traclks from

the passage of fission fragments can be made optically visgible by-preférential.
etching vith sodium hydfoxide. They found an activity which segméd to have a
half-1life of 0.3 second. Since the number of tracks that they could produce

was small (1 per'S hours) and the interfering background vas not negligible,_thcy

 were not certain of the meaning of their resulis but-thpugh% that the activity

could be due to 26010&.

In order to check whether 1t was indeced due to such a new elemant,
they devised a chemical experiment which made use of the predictionbthat elenent

104 should behave like hafnium ahd.thus form h very volatile chloride. 'The
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recoil atoms were caught in a gas eous chloride envirOnmunt, passed thzough a
filter at an elevated {emperature, and then detected with glass sheets as before.
With an even smaller yield they obs erved tracko which they felt could be due to
element 104 and published their work as a claim to the discovery of this- element.
They suggested the nemevkurchatgvium to honor the memoryeof Igor Kurchatov,na
pioneering Soviet puelear pﬁysicist.' | |

From the beginning our greup felt-that‘there yas some doubt thet'
fhese results:demonstraﬁed the.eXistenee o;~elemeht.i0h. 'Oﬁr feeling vas Bescd
on the systemafic-behavior in halfélife:of>spent&néeus fission decay that we
had observed for the'elements Of‘lower atomic number. We thought’that this

260

half-1ife should be ordero of magnitude shorter in the case of th but that

c
posulb]y the 1sotope in question could be of mass 261.
| Although we felt that there was a'p0ssibility'that the Dubna work
vas correct we decided to reuerve judgment and continue in our efforts to find
- an alpha—particle emitter which could be assigned without amblguity to element
104, An atom that decays by_the,emission of an alpha.particle with a_dlstinctive
energy and halfelife to form a éaughter atom which in turn decays with a different
energy and half-life can be uhiquely identified, whereas_oneethat é;sintegrates
By'undergOing spentaneoes fiSeion provides little in tﬁe vay of a fingerprint.
This is because fission does not differ greatly ;n cheracteristicsAfrom.one
nuclide to another. Only'the haif~iife cen'be used to sepdrete oee epentaneoue
fission activity from anothereﬁheﬁ chemical means afe not readiiy available.
S 2o A

. _PBarly in 1968 enough Cf became available to allow us to make an

2kg

‘attempt to find an isotope of element 10k. Cf is a 360-year alpha emitter,

the deaughter by beta-particle decay of 314-day 2 Bk. This berkelium isotope is
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an important prodﬁct-in the long,chain:of neutron—captures and.beta-décays
meritioned earlier. By Chcmicallyvisqlating berkclihm, a pure sample of califérhium.
was obtained after a suitable decay period ahd ve now had available abéut lOb |
micrograms of the.materialo Thié washjust the beginning, however, for there
are‘mény problems-poSed Ey the target~makingvproéeés. The highly radioactive
targct has to be several hundxed ‘micrograms per cm2 in thickness té give an.
optimum recoil yield_when‘element 104 is made with carbon.ions and has to be
free of such impurities as lead and bismuth'since these will produce 1ﬁtérf¢riﬁg
activities. It has'to withstand an intense ;eém.gf.iohs (typically 2 x lOJf3 ion§
per'second-per cmz) for many weekS'and be mechanically sturdy. We had a wery
bad experience in 1959 when a curivm taréeﬁ‘was méchanicallv ruptured and‘con—
tamlnatcd the entire HILAC building and ve did not’ want to take any chances.

The final method, ‘developed oOver & period of many months, was so

2h9Cf target to make both elemznts 10k

successful that we have used the same
and 105. It has survivcd*mahy tﬁousands of microamperehours of concentrated
bombardment over a period,which.spéns soume 18 moﬁths and las nat deteriorated so
far as we can tell. Th¢ taiget'was electrodeposited from anlisopropyl alcéhol
solution onto‘a thin'palladium coating vhich had been spuﬁtered upOﬁ a 2.5 mg/cm?
beryllium foil. The béryllium provided very good the;mal conductivity and
excellent strength vwhile the palladium_surface.provided an inert base for the
elcctroplating. Aftér the californium was baked in an bven-ét several hundred>

degrees centigrade & thin coating of aluminum vds evaporated upon it to keep the

‘heavy ion beam from'ejecting'small quantities,of the targét itself and thug

gradua l]y contdmlnatinw the t%rget chamber. UnTortuna te]), when this partlculer

target vas made, we had not yet mastered the techniques necessary to prevent

all lead contaminatiqn Lrom appearing in the final product‘and consequently -
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there vas present_abﬁut 10 nanog:ahs of lead with the 60 micrograms of californium.
There vwere also-a few nanograms of mercury vhich vere added vhen the pailadium
vwas sputtered onto the beryllium. . |

‘With a suitaﬂle target and an adequate-héavy~ion bgam'current, new
atomns Can be produced and detected. It muSﬁ bé noted, however, that the detection v
of avnew-alpha—particlc qctiviéy-is considefably more'difficult than the detection'
of & new spohfaheous—fission‘activity Because heavy-ion transmuted recoil atons,
which are stopped iﬁ*a solid,;are usually.buried'sq deéplj that alpha-partiClé
energy‘anuiysis is”renderéd_iméossibleg'whe;eas it.is only necessary to detect
flssion fragments. In our lébofatory*sqme yéars ¢arlier itiwus discovered that
it was possible to ﬁransfer thése atom§'to_a collecting surfacé efficiently and
quickly‘éd as to form a weightless sample for analysis. This was done by ab-
sorﬁing the redoil energy infé'helium-atmosphere and'theh carrying the atons
along in the sfream:of ges whiéh'flowed ﬁhrough a.gmall'orifice.into 8 rough -
yacuum.' The jet_of helium impinged'upon.a—collecting Suyface a fevw milliméters
. 8vway ahd=afvery high fractibnqu the redoil_atcms vere founq éo adsorb upon -the
surface; This technique had beén'used successfully by both United'Stateé and -
"Soviet scientisﬁé in.s£udieé of the isotopes 6f nobelium,and.lawrehéium, eiements
102 end 103. The usual apparétus'in§olved thé use é?'a flanggd wheel to act as
a conveyor to carry the,fransmutation products to alpha particle .detectors for .
anaiysis.‘ |

Since the nuclides beyond lawrencium vere predicted Lo have haif-:

e

lives in the millisecond rangc,'we,developed»a>hew’technique that wvas not limited
by the speed with which we could rotéteva'wheel. We found that the helium
(or hydrogen) gas stream could carry the atoms‘very efficiently through small

diameter tubing for distances of many ccntimetérs; Since the velocitiesvreached
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were in the'sonié.rgnge unusual effectS'were observéd. Ve fouhd that by flaring
out the exit end of the tubing as in a Venturil orifice,-é small ring a few
millimetcfs in diameter was formed on a flat'cbliecting surface held a centimeter
or two away from lhe exit. By this I mean that the éntrained heavy atdms in the
gas'stream could be collected in.a ring pattern as demonsirated by autoradiogfaphy.
In theory this meant that we could plaée é golid-state detector in this positioh
and receive the"récoil products directly oﬁ the facé of a crystal to be analyzed
forithqiy a1pha radioactivitya' We did actﬁélly-succeedv;n accohplishing this
fédt‘but the basic technical aifficultiecs were tco great to aliow the method
to-bé vefy stablé.
Whilé ﬁhe'system vas working;'we examined the'alpha;particle spectrum
préducedbby 120 ion‘bémbardment of 6ur new ?thf targpt (Fig. ).'>We vere
surpfised to find new alpha particle peaks at 8.7 and 9.1 MeV which decayed
with & half-life in the range'of seconds rather than milliseconds. By caréfully
v éomparing the specffum produced by a lead target{ we decided that the new alpha
peaks were produced by a ;Zc,hn reaction and thus must be due toian isotope of
element 104 with_méss 257.v Since néw we Knew that'we did not have to use é
high speed system to detect the new activity, we decided to build aﬁ.elaborate
multi—detector éjsﬁem in ﬁhiéh a 1arge'wheel‘would_be'the atom'tran_sporter° Thié
would automatiéaliy solve the'problem:which was basic to the Venturi method--
the builldup on the detecting crystal of long-lived activities~-to say nothing
@‘ .of the continual'prqblems-of'détector damage;
| Although the "cénventional" wheel syétem is not plagued by the problens
that beset us with our Venturi dévicé, it doés have éomélexitiés which have to
be handled carefﬁlly. The method lends itself nicely to the use of many-detéctors

for the purpose of teking much data simultancously (our latest system uses 28
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crystals and a'ﬁew.One that ve are_designing vwill use 3 # 28 1); Since the
number of atoms'per hour that can be Eade is limited, it 1s imperative that
a large ﬁﬁmber of chafactoristicsﬂbe“méaéuréd simuitanéous1y. The net result
1s.that_a‘verj iarge'amounf-of eiectronic" W1z5rdry must be'fabricated and kept &
operating &nd, because of theimaﬁy_pafaheters ihvolved,_a fair-sizgd«COmputer
‘must be programméd'ﬁb keep track of all Qf'the information. |

It took many.mdnths-to‘locate‘andveradicaﬁe all ofvthe'inevitable,

1"

"bugs" that develépéd in the new vertical.whéel éysteh,vbut.finally'fhis vas
accomplished aﬁd ve werce rcady toiperform.maaningfgl,gxperiments; Ve were
delighted {0 find that the 20~detcctor.s&stem performed iﬁs functions with.
greaﬁ prccisioQ'énd stabiliéy.: The energyrresolution‘attained was considerably
>‘better than with our old wheel system and the spurious bQCkgrpunds obsef#ed
verc usually negligible. The reproducibility of &'given experimental néasure-‘i

ment vwes now excellent:and it was possible to run the sysﬁem for days at a time

with no more than minimal attention. Now it was. possible to detect new activitles -

at countiné‘fatés as low as a few per day if necessary.
In the case of elementvloh_this was not ne@essary. Withhthe nev

- system ve égain obserﬁéd“the unknown alpha particlé peaks along with several

other new groups at_a couﬁting rate of 30 counts per hour! Thié was nozlonger

a marginal expérimente~#e were able to 4o alpha spectroscopy. The inéreased

sénsitivity and discrimination of tﬁe vefﬁiéal Wheel»(Vﬁ) 5ystém‘was necded

257 ’

badly for it turhed out that the spectral lines from ~7'104 alpha particlé

decay vere very complex (see Fig. ). Since the decay was~spfeéd.among many
_peaks of»comparable height, it meant that the height‘of any one of- them waé

correspondingly reduced. " However, wve were very gratified with the results and

g
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we {>und that when the computer had normalized the amplifier gains (which

deicd a little between smplifiers end from one run to another), the comoosite

epeclrun vos vcryvcloar;. The half—life.for th turned out to be .51 secondu.

With the confidence gained from this experiment:we proceeded to 1ook

13,

259 C ions, hdping that ve would be able to detect its pro-

104 by using
13

for
duction via a C{3n.reaction.' We-werevrewardcd to find a different activity
with & somewhat.shéifer ﬁalfQIife-~grbups of'élpha particles et 8:77 and 8.86 MeV
decaying with aihalf~life of aboul 3 seconds. The yield from this reaction wvas
substantially less’ but it vas confirmed somewhat ]ater vhen we bombarded a

ZM)Cm target with l60 ions.-

The-important parameter to be measured in these cases was the atqmic
number to show thaf‘we had ideﬁtified a nev element. This wé proéeeded to do
by developing a‘very_scnsitive téchnique fér identifying the element-102
daughters of these alpha emitters.- When an atom emits an alpha particle with
e given momentum, there is an equal momentum ihjyhe opposite direction given to
the residual nucléus vhich has been left behind. This energy ‘is much more than
sufficient tO‘rélease_the atom: from the surface on whichiit»rests if the alpha
particle is endtfed into the surface. Since the alphavparticles are emitted
with an equai probability in ail directions, this”means‘thdt half of the atoms
on the_éurface of.the wheel wiil be released.and half will be embedded; thus,

we should eypect that there will be as many nobelium-daughter atoms rec0111ng

into the detectors as thCIu are e]enpnt 104 alpha particles detccted. To make

- use of thio genetlc rclationuhip, ve arranged to periodically uhuttle thc

detectors away from the whoel a shﬁrt di°tance so that wve cou]d measure the
propertiés of the daughter atoms., To 1ncrease the geometry for this-measurement;

to almost lOOﬁ, the detectors.were moved to_positions_opposite other identical
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detectors. Finally, to avoid the loss of detection of Qlement—loh-atomsvﬁhile
measuring the recoil daughtcrs we duplicated the system so that we éould masure
the mothers and daughters concurréntly. A drawing of the geomztry of each de-
tecting station is shown in Fige -

With this reéoil—milking system .we W¢re-able!t0'show'that a known
isotope-éf element 102, 253No,.is_ recoiled off the ﬁheel by the alphaAdecay of
its parent, the h.S—Sécondﬁ257104; Both the alphé energy and'the.haif~life of
the: nobelium daughter were measured'in fhe daughter;detecting_mode, 'Similarly,
in ofher experiﬁehts ve showved thé presence of ?Séﬁb‘resulting‘frdm-zsngH decey.

By this time we realized that the half-livés-of'the'element~loh
isotopes.that we.could~prodube with tﬁe HILAC were substantially longer than
expected. We now predigted'that 26110& should have an alpha half-life of
about & minute if it did not decay much ho?e'quickiy by spontaﬁeoné fission
as suggested by the Ruséian éxpefihents. " Our calculations shéwed that the
"besﬁ wvay to prodﬁcevit'was by bémbardment of'ourrgksCm target'with 180'1055,
via a compbund~nucleus reaction wherein five neutroné ere emitted.

At firét when we initiated this experiment, we were puzzled and dis-
appoinﬁed because we did not obsérve.a new alpha peak. The only heavy element

5T

peak that we saw clearly was that of 8,3eMeV No, whlch is known to have a

half-life of 26 Seconds.' After we had accumulated enough gtatlstics, though,

we saw that the half-life of this familiar broad peak was‘longer'than 26 seconds,

in fact, it appeared to be about a minute. Then we knew that 26110& emitted
very close S

alpua particleg with energy/%o those of its daughter--a somewhat surprising

finding. Mother-daughter measurements_proved that this was the case and ‘showed

that the half-life was 65 seconds. This was the third hew.alpha emitter of -

element 104 that we hed found and, of course, it also ghoved that the Russian
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The finding of the 65-sec 261

1oh'brough£,the possibility of doing
certain kinds of aqueous chemistry expérimanté which would be important’to
demonstrate that élement 104 was- indeed éuite differecnt from the actinide
elements. We decided to undertake the task even though wé knew that on»the
average.at'best.wé would be‘deélinngith only one atom in every Tive experiments.
In this work we were joihed.by Robert Silva, a former'colleague Of ours now |
et the Oak Ridge Nationél'Laboratory. He=hadvﬁorked with us in earlier fast
experiments on tﬁe chemistry of lawrencium but néwiwe had an order of magnitude
less aqtivity for this purpose.

Element 104 long ago was predicted by Glenn Seaborg to have the chemical

" behavior of hafnium. This meant that it would have four valence electrons &nd

8 similériionicvradius‘and thuS-should 1ehd‘itself readily to s fast simple
separation {from the ndrmally-trivélenf actinide elements. - The mathod that
ve chose wasfthaﬁ of_th¢ gation;exchahge coluhn.» It was predictéd thatvelementj
th‘would.not be adsbrbed readily by'the resin and that, usiné an alpha—hydroxy~
isobutyrate eluant; we could ﬁash:fhe eké-hafnium-atbms straight through the
column. Under ‘the conditions to be used, the first actinide ‘clement that
would be eluted from the column would be law1encium, and 1t would not appbar
until pcrhaps a.hundred column volumes of wash had gone through |

The target’chamber systém used the same principle as the VW apparatus
exéept that the atoms 6f element 10% vere caﬁght 6n the bottom of'a pnéumatig
rabbit. Thﬂ procedure was to make a bombardment of a couple of mlnutes
duraﬁipn with 18O lons 6n zuBCm, shoot the 1abbit qulcklv to the chemistry

area, dissolve the atoms from the-surface of the rabbit, force this solution

through*avShért cation column, quickly evaporatefthé Tirst few drops that
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passed through, and,finally, aﬁalyze these drops for their alpha activity
by means of solid-state detectors. This process had to be finished quickly
because.of the éhoft half—iife end had to be repeated’hundreds of times to
have enough“atoms separated to be'statistically meaningful. On the éverage
because of the tim= taken for the chemi try (approximately 50 séc) and the
inevitable m,chanical losses that the fast process cntailed, we ob served only
one atom in everxry twenty experiments. But this was enough: The total nﬁmber
of events observed'in'the early eiution position was sevénteen‘ahd conélusivéiy
demonstratéd'thét element 104 did not belong to.the actinide family.

_While the secarch fTor albba emitters was being pursued, ve also.
vere doing different experinents which vere sensitive-only to spontaneous-
fissiéncdécay with'the.hopevthat we coﬁld gither-confirm or deny the Dubna
claim to discovery of a 0O.3-second element-104 emittert> Instead of using an
‘endless conveyor belt to carry thé embedded atoms past thé'detecting material,
we used & drum.'.In»érdervto reduce - the background effect of longer-lived

256

fission-emitters,such as 2.7-hr 7 Fm, Vhich could be_produced at the same

© time as element 10k, the drum was moved siowly along its axis as well as
rotated SWlftly. The deteclting material used in our case was usually mica.
"VWith this apparatus (Fig-. ) we achieved a very high'sensitivity and could

detect spontaneous—flvsion halfélives as short as lOO microseconds. It was

tried‘out with the 2u9Cf tarbet and ve were pleased to find a nev: activity with

- half-1ife of 11 mllliuecondo vhich we thought was probably due to 25 810h

13

1
rnade by means of a 20,3n reaction. When we used C ions we again savw the
samé‘spontaneous'fiSSion period, but this time it was produced at & somewhét

higher bombarding energy and with a higher yield as would be expected if the

»

L\I
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activity Were'made by a 13C,lm ieactiOn. Finding-an 11 millise¢ond half-life
for 25810& corresponded very Wéll with our predictions for that nuclide and |

26

thus reinforced our scepticism'that Oloh could heve a 0.3-second period.’

All our attempts to find the Dubna fission activity have so far

I
18 2 8Cm

been unsuccessful. We have made bombardmants with 16O and O ions of

ahd ZMGCA targetsiwhich should ﬁave produced amounts Of 26010h that we could
readily detect if it had fhis_half~1ife. Ve have also bombarded 253Es with
;lB jons withéut observing such anvactivi£y~5ut heré our sensitiyity wvas some-
what marginal because of thé smail amount of targéf matérial availéble. After
we published 6ur.wdrk.on.the element-10k alpha'émitters,'the Dubna group
‘repeatéd their ﬁéasuiements on the éhort-iived Tfission emitter and came to the
conclusion that its hélf*life might be closer to 0.1 than to 0.3 second. Since
it was possible that we might have missed 1t'in;our first experiments which
wvere desipgned for tﬁe longer half-life, ve repeated the neasurementé and apain

p
)
259 0l will

we Wwere unsuccessful in finding the activity; We nov believe that
be found to have:a spontancous fission half-life in the microsecond range and
plan experiments.to find this missing nugiiée.

In viéw 6f_the preéeding observatiqns-we decided to asséft the tra-
.ditional-right granted to thévdiscovérers éf a nev,elemsnt'to propose a
sulteble name. Thisvﬁas'done iﬁ November 196§ at the Welch Foundation‘Conference
on Transuranium Elements-~The'Mendeleev Céntennial ﬁe;d inzHouston, Texas. Iﬁ
honor of Ernest'Rutherford, the g:eat pioneer of hﬁélear physics, ve éuggested
that elemsnﬁ 104 be called ruthexrfordium Vitﬁ-the‘symbol-Rf.-

With.four;isotopes of rutherfordium identifiedbwe felt greét con-

fidence that we should be able to detect an isbtope of element 105. From the
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~alpha enexrgy information £hat,we had obtained for element 104 we could predict

with Tair accuracy what might be expécted for the next higher element. Using

249

the sames

15

using “’N lons ~~1t uhould have an alpha energy somewnal higher than that of
257

Cf'tarpet it seemed ag  1f we should be ablc to‘observe 260105 by

104 and a half- lixc in the range of seconds w1th & production cross section

only a little smaller than-that for making‘_57

Rf.

On harch dO, 19(O we set up the eypnrlment and within a few hour
lWe knew that again we had succeeded for ve were seeing alpha counts at 9.1 eV
décaying vith a half-life of a second or two. We realized somesvhat shecpishly
that we had already seen this alpha peak more than & year before. At that
time the sumé experimsnl had been triedraffer‘finding the 257Rf activity. Ve
hdd observed a nev 8.87-NeV alpha-ﬁeak vith a half—liié of 0.7 second together
"with o very tiny group at about 9.1 Mev and it seemed possible that both peaks
v could be dué to elemon£ 105.  Mowever, within a few daya we had dismissed thils

possibility for we found Lhat the 8 87- NeV actnvitw could also be made by 13

249

C
jon bombardment of Cf and thus could not possibly be due to an element with
atomic number gfeaﬁcr than 104. Quite natural]y we also threw out, the at-that-
time maiginal 9;1—M3V peak. Now, a year later, with a vastly improved technolog
and a much,better:understanding of the problem we cogld readily identify this
persistent peak aé coming from the isotope 250105;

In rather short order we were able to establish 'beyond a recasonable
doubt the atomic'number‘of the new nuclide. The motherwdaugiter recoil-milking -
expéyiment in‘this case showed that a known isotope of lawrencium, 30—sécond
256L;{ was transferred Gy alpha-particle recéil to the mother crysﬁals and

that the.amount thus observed at each detecting station decreased with the
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sane half—life“as the 9.1-MeV alpha activity. In addition to this proofvwe

tried a new technique which.promises to be 1mp?rtant in detecfing elements
106 and 107.

When an atom of element 105 emits an alpha particle which is detected
by one of the mother crystals, it is obvious that the ncwborn atom of its
element-io3 daughtef must be kicked into thé surlface of the vwheel. If we now

vait & suitable period of time, this daughter atom will also emit an alpha

~ particle and if 1t is emitted out of the whéél we can detect it too. This -

method of looking fbr delayed alpha-alpha coincidences wag successfully applied

256

to the 260105-—-~-~~> Lr case thus giving a further proof of the genetic
relationship.
~ As in the case of element 104, rutherfordium, there were also prior

claims to the discovery of clement 105, The Dubna experimenters under

.G; N. Flerov*had bombarded ghBAm with ?ZNe and fpund-a-miniscule number of -

alpha counts which they attributed to the isotopes 26QlOS and 261105. In a

siﬁilﬁr time corrcl&tionvexperiment to thét described above they looked for

~ delayed coincidences of alpha .particles in the range 8.8 to 10.3 MeV, succeeded

by those in the range 8.35 to 8.6 MeV. They tentetively concluded that there

was a positive cffect beyond statistical variation at 9.4 ang 9.7 MeV. The
extremely low rate involved, approximatély one per.day, made it very difficult
to refine these data. | | .

, Th?.Dubna‘conclusions depended’for their vaiidity on the assumption

that the 8.35 to 8.6 MeV window-in the alph& speclrum included the emissions
256 ’

4

- .
Lrom both ILr and 2)7Lr and that their half-lives were &lso both the sane,

257,

gbout 30 ceconds. liow we know that r has quite different characteristics

~end thus could not have been detected in their experiment as the daughterlof
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26]'105‘, It has turned out that the 8;87~MeV.O.7—second activity which we

fhouéht in 1968 might be due tb element IOS,is,actualiyUZSYLr. Since our work
with 26 10) 0hOVs it to have a completely different energy than their 9. h or. >
9.7 VeV alphas, Lhiu, Loo, can be excluded as being detected in thelr expceriments. g
They have more recently found a‘Spontaneous~fiSSion ectivity with a half-life

of about 2 seconds ﬁhich they'believe'might be ‘due to element 105. It might

| | 258

equally well be due to a sﬁﬁll electron—captuee bfaneh.of 258Lr to No which
- is known 1A>have a m11]1second fission half-life. .
Since we felt that we had established the existence of element 105
beyond guestion, we againedecided-te assert our‘right eevdiscoverere. in
honor of the late Otto Hahn, the famous pioneer and discoverer of fis bieﬁ, we

suggested that the‘new-element be.eallcd hahnium and be giveh the symbol Ha.

We hope soon to find‘a 10nger~li#cd isotope of hahnium by bomwbarding

o 7 '
“93Ls with 130 ions to make “°%Ha, Ve would predict that this nuclide might
“have a period in the range of a mlnute Just as in the case of . élRf. If this

proves to be 1rue, e ghould be able to do an aqueous chemlstry experiment to
see if, as expected, element 105 has an eka tantalum bahavior.
Further_jumps in atomic number arevp0551ble‘but depend entirely on
_whether or nof spoﬁtaneous;fission decay takee preceaence over alpha decay. IT

the fission half-lives do not become too short, we calculate that with great

effort we should be able to preoduce and detect the nuclides 261105 and 26)106

. : s "
Since the dauﬂhters and gfanddaughters in both'cases are ndw vell-known, wve
should be ablc to identify them unambaguously. Element 107 is also within = v

yeach .since 1t chould be hlndered even more against Tission decay, but the

~problem in this Case is that the production cross section is substantially ’
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shaller. We'are‘nqtvlikely'to:detect gnything Beyond-elemeht 107 unless thé
prédiqted doubiy-mégig;regibn of 114 profﬁns'gnd iBh neutrons e#ists. Next
year ve will maké aﬁ‘attemptﬂ§o reach this regiOn by bombardmcnts‘with exotic
jons all the way up'to uraﬁiﬁm. TF'or thatvpﬁrpOSe_we are in the process of

modifying our Qccélerator into the SuperHilac-—but that is another story.
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FIGURES .

Schematic diagram of the vertical wheel detection system used ih'the

@ ° : o : - . '
discovery of element 104 alpha .radioactivities. At that time there

-

were only four stations. There are now seven. .

25T

A recent measurement of the Ff alpha spectrum obtained by using
our latest 7-detectdr station system. The activities are those
detected by the crystéis'when they are in the  "on-wheel" position.

Detail of detector shuttle system used for the identification df

mother-~daughter éctivitiés by'the alpha particle recoil.

Drum mica_system.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

" A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages

resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information p;}rsuant to his employment or contract
with the Commission, or his employment with such contractor.
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