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Durine the pst  sixty yaara, four dements beyond califomfun en 

the atornib number ciaale (Sljde,  No, I) havo beon egntheej.zed by the trana- 

nutntlon of lightor el.emnts. The first preparation of e i n f h i n l u m  (NO. 99) 

snd foml urn (No 100) ooaurred i n  a thermonualaar explosion, Mendrlevium 

(!loe 101) and element 102, however, were prepared by a more oomentionel . . 

iratkod, that sf oharged p r t i o l e  bombardment o f  element8 of hlgh atordo 

nunher. 

The trnnaaalifornium elementa are members of a group of oheni- 

o ~ l l y  simllnr dements, the aotinjde transit ion eeriea, which begin8 with 

aatininrn (NO. $9) and inaluden thorium, wotaotiniun,  uranium, and the 
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The column is  sametimoo maintained at higher than morn temperature in 

order t o  httaten t h e  astabliahment ~f t h e  equllibrla. 

Tn oertain synfons tho actinide and lanthanide eleri~onts are eluted 

in the Inverse order of 'their atomic numbero as' i~ i l lus t ra ted  in S l i d o  No. 5 .  
1 

'Phosa exporclment~ ware performed bofore t i l o  disoover!es of elements 99 ' 

through 103, tho p e l t t o n o  prcsdictod for t!leae elements being shbwn by 
i 

dottad lines. Slmilur separations can ba made using a y l p r  wi th  or- 

ahngeablo anhnn, in whiah onao tho actinide or 1,anthanfde eloments mua t  

be yreoant in t ho  1nj.tial eolution as complax i o n s .  

Einsteinium and Femiq 

Ths diooavoricse o f  e i n a t e i n i m  and fermium were unexpected results 

Q €  t h o  f irnt tost thomnuc lonr  oxploof on. A searah for transcalifomiurn ele- 

mnta An the axplosion debris began when heavy laatopes suoh as tke previously 

unhovn Puu and Puw were found i n  fall-out substances. The presence of 

them very heavy i a o f a p s  euggeated that the capture af many succl@asive neutrons 

by the tvanfum in the daviaa had oaaurred durjng the miaroeeoond axistenoe I 

of tha extremely high neutron flux. Sinae beta  decay w i l l  no t ,  in general, . ' 

proooed with R half l i f e  ahorter t!mn  bout 0.1 eaaond, thoso heavy nranhum 

i so tope  had no opportunity t o  undergo beta d e w y  during eynthesis, Their 

subsoquont decay by many suocaseive beta pwt io l e  eniosions formed t h a  

nuclidas found i n  tho exploeion debris, S l i d e  No, 6 shows the raaction paths  

by vhiah thoee !~eavy oltamonts were formed. Thus, for exam!.lo, the s p -  

thesis of Fh255 was vln the production of u~~~ by n.utron.captura in 

255 a; followed by e long aeries o f  short-llved beta decays, u ~ ' ~ _ @ ;  Np ,I 
1 -. 
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,,.,, , ~ a ~ ~ ~ ~  of which ooeur k t e r  thb .nytron oapture re- ' ,  . <., ,.. :- 
% ,  r , , , %  :. ,,' aations are aonplstd.  S l ide  No. ? shows t h e  rjlatire af heavy - _ .  5 I '  I 
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that by starting with a m  k i l o p m  of I t  would ~equlre  u::proximtely 

five to ten y a r n  t o  produce about one rnllllgrorn of c ? ~ ~  m i n g  n neutron 

flu. of 3 x 1014 neutrons per square centj~nster  pat second. In t he  On l t ed  

Staten wo have a program i n  p r o p m a  for the production of m i l l i p m  

snaunta of borkall~tm and califarnilun, and m4 c rogrm amaunta of s i n -  

uts in iun.  Einntoiniwn i a  the  only remaining transuraniunt olument o a p b l e  

254 of  bcllng leolatud i n  mcrosooplc amaunto (as t11o 280-day iaotope E 

tha 20-dny Isotope brit not yot ao too la ted  by tmdj t~anol, methods, 

Fermium nnd h icha r  alemanta are riot oxpected t o  bivo I sotops with m~f- 

fio1antl.y 1.atlg hnbf lives to  yormit t'mlr i so la t ion  in maaros~onic quantity, 

a1 though tlow toohniques permitting e p c i n l  maasurernents are ymsible, 

T o o t a p e  o f  e l n a t s i n i m  from E~~~ to E~~~ inclusive nnd isotopes of  fermium , q *- - 

3 I 

from Rn24u t o  l % ~ ~ ~ ~  inol.usivo are known, b e l n g  preprod by neutron 4r- 

radiatjon or ohnrged ~ a r t i o 1 . e  hmhrdmont. 

MendelevJ un 

The first wepiration and idonti  f ioa t  ion o f  msndslevium was planned, 

and ~ucceseful . ly  accompliohed, altbough calaulations indicated t h a t  o n l y  one 1 

atom of tho element !lor bombardnlent could be expected, In addition, Chsre 

was t !~e  formidable task o f  separating tlrls one atom front t h o  target inaterial < , 

and effeottng i ts  ohemloal identifiaat~on. The techniques used, however, were 

rdequtrte, and mendolevJum uas synt\~asizod and I d e n t i f l e d  in e p l t e  of the fact 

that the initial prediction of its yield was aorrect, 

The amount of  mendelevium expected In each boirikdmont was ca3.- 
5 

oulatod tro fol.lovo. ( ~ l j  do No. 12). The nwnbeir of  atoms of rnend&levirun, N ,  

prepwed .l n eaat.1 bombardment should be approxlma0elg equal t o  : :r 
I I^ 

U 

N = NtvIt 
/ 1 '  

- ,  
where N f  l a  the number of einsteinium atoms uaed as a h r g e t ; ~ ,  the orgbs ' . , j . . I  . 
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In early oxperlmentu, t h o  a c t i n i d e  ohem.toal f m c t i o n s  were examined 

for short-lived alpha omi t t ing  ieotopea , but no alpha % c t  ivj t y  wae dateutsd 

tfwt ooudd be attributed to al.e!nent 101. In  one of t!x? la tor  oxprimants, 

hovsvar, we oboervud n e,nontnneo\~s fisaSon event. A t  that tjms rapid 

deaay by s p n t a n e a u s  f i s s i o n  was known t o  oaoul* o n l y  I n  a feu iaotopea, 

liQnQ sf willah ehould haw been preaont or jrrodnaad i n  the osrperimnt. Tho 

remrlt t h u s  appared t o  be signifioont, In additjon, the  baokpound f o r  t h f a  

type of decay ehorild be essentially zero in t he  proper e q u i p e n t ,  As the 

ox!mlnronts cont jnuod,  n apnttlneous f i s s i o n  o r  two was datectad i n  t h e  

prodrroto fmm some bombctrdmente, wt1il.e none uae obesrved in othoro, 

'h i e  v a r i a t i o n  wtro ~ ! o t  unexl)soted, owing t o  the  8 t a t l . a t i d n l  fluotuation in- . 

hersnt i n  the production of oho atom per exprirnent, Moet uromising, 

howaver, was the faot that t h e  apntaneoua  f i s s ibna  when they d i d  ooaur 

wore datetoted i n  tha olemant 101 or. element 100 chemical fraations, 

Mendolevjum was dofjnite1.y I d e n t i f i e d  i n  tho transmutatSon pro- 

duata tomad in three suaoeaejve three-hour bombardments. A total of . 

five apontaneoue f i s s i o n  countn, and hence, five atoms, was observed i n  

t h e  e l e m e n t  101 e l n t i o n  poeition and a t o t a l  of eight spon taneous  fission 
, . 

oounta wao obsorvod i n  the elelnent 100 e lu t ion  p s i t i o n .  No spntaneotre 

finaion evonto were detootod i n  any o the r  e lu t ion  poeLtfon. Slide No, l.4 

ahowe t h o  o l u t i o n  data obtained i n  t he  dlnoovery experiments. Tho iaotope 

K ~ ~ ~ ,  v ldoh  was added,  and t he  iaotope c F ~ ~ ~ ,  vhfoii was formed  fro^ the 

hWb added t o  the  t a r e n t ,  aorvad as  trueera to define t'lr elamaot 101 

and element 100 e l u t i o n  p o i t i o n s .  The apntaneoue flssfon act lvi ty  in both 

the  e1,ement 101 and element 100 hsct ions  deaapd wi th  a half l i f e  of &out 

3 haura, Thle and o t h e r  evidenoe - .  has led to tho conblusion t h a t  the men- . . 

delmrium isotope thus pepred has t h e  k e o  number'256 and decays by L-- . 
' t *  . 
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L 
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dmtron capture wi th  a half l i f e  of about an hour to t!la isotope F ~ I ~ ~ ~  

vhi0h In reaponoible for tho  spontRneous Pisolon decay. The fact that  t he  

h v o l ~ e 8  tho epontaneoua iisaion process was a fortunate clraonstnnce. 

!This made of decay h a  a h i g h ,  nlmost 10$, detection efficienoy and zero 

baokground , 

311de No. 15 sumariasd in graphic form all of these exprinental 

steps and vnn roproduocd from an in te ros t i -nq  revinw of t h e  disaovery of 

nnndeluvlun v h l o h  wan pbl in i ied  i n  t h o  soviet journal. HPrlrodn." 

Bubsoquent eqmrimento using lnrgw amounts of E~~~ In the target 

hove lod to tho propration o f  hnndrsds o f  atoms of mendslevjum. The in+ 

dicatfona are that  mendelevium sx!.sts i n  eohttfon as a trildsitive ion and 

rorrmblss Its hamalogue thulJum. 

A uooond s o t o p  of mendelevium with mass number 255 has reoontly 

&en syntl~ooiaed by t h e  helium Ion bnabardnnnt of E~~~~ this docays by 

ehatron oadure w i t h  o ha1.f l l f e  of about. one h ~ 1 . f  horn .  The new isotoja was 

aepratod and identif ied using tochnlq\~os simllar to  thone used in the 

dl~aarary of the imtope l.hr256. T h f ~  reaewch voo n l s o  ~ a r f o m e d  by a 

group [it t h e  Univoral t y  of California Rnd iat ion Laboratory. 

It soem especially fitting t h a t  an element be named in honor o f  

h l t r t  Mendeleev as was done i n  the oasn of dement 101, w+ich wan given 

the name mendelevium. The methods of identification of most of t he  trana- 

uranium clement8 have been based on t h e  ohem!cal ompertiel nredicted 

for t!leir poaJtian i n  t h e  rmriodlc tablo  and arc thus applications of h la  
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~ e a e u r d  by use, of a phobgraphia emulsion technique, No chemical IdentifFaa- 

tion W ~ B  made, I t  18 qnita p a s i b l o  that t h i n  alpha actlvlty i s  dire to t h e  

18oCop 1 0 1 ~ ' ~  i d n n t i f l m l  by t:w California group. It  a!ipqera t h a t  the Manom 

wsrk c ~ m p l s ~ c r n t a  the brkeluy work piosly, and I t  .is h o t ~ d  khat we can 

proeed lron here on jn thin f i o l d  of investigation w i t h  cloee aoopc~retion 

bstwsatr tho two luboratorleo. 

Although t h o  name nobelium for olament 102 w i l l  undoubtedly havp 

t s  bo elmgod, no augge81tlon for cr new nnrnn has beun mde an yet, 

Futuru Elementq - 
Fr'an our present knowlodge of Lhe nuclear ~ n d  chemical. properties 

sf tho trairournnlurn olarnento it oeeme probable that  elemen0s w l t h  atomio 

nimbom peetar thnn 10% w i l l  be dloaovnrod. About seven dozen isoto,nes 

h t h ~  tzac\neuranium region are known nncl L t  hao bean p n e f b l e  t o  determine 

very prsclaely many of thsjr rrualear p~-o!mrtiee. This has l e d  t o  a eyetam- 

ufiiaftti an o f  rudioaotive dooay datti HO t h a t  tho decay proyert,? en of undiacovemd 

nwlldeo a m  getm*allg be o~roceeafully p w d i c t s d .  The predominant mode of 

$eotng l o  by alpha oarticlo earlsni.on, but decay by- t'3e spontaneous flsslon 

praaaatl heoa:nea moro and lmw imrortant as t h ~  el.omants o f  highost ntomic 

nmlrar nre ~ ~ p r o a c h o d ,  Ih fao t ,  thim I.c~tter .lode of daoay bogtns t o  proceed 

at u rate caqxrrclble t o  Reoey by alpha !art ic le  emiaslon f o r  aomo laototme 

by the time olemsnt 100 is  rttnohed. Data fos eporttcrnaous f J se ion  have also 

bean ourmlatod in a m n e r  vlriob makes pred totl .ons for ~mdlecovered isa- 

t q m a  feaoible. In both the alsha nnd t h e  spontaneou8 fioslon mados of decay, 

tho regularities hatlo been found t o  be gr~atadt  for nuale1 vh!ah oontain an 

avatn numbar of neutrono and an even nunibor of' protons, thus maklng p e -  

diotiona of the  propertien for undisoovemd iaotops  OF thi ,s l t ,pe ttld mat ' 
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o@rtalne For be~topoe with an odd numbor of y r t o n s  o r  nn odd number of 

ruatrenv or  M odd number of  both proton8 find neutrons, t he  rate of decny 

by both alpha dnoay and hy sspantoneolts fission l a  olovsr than for t h e  rsgi~lnr 

men t y p .  Slide No. 18 o i ~ a m  tho predloted h a l f  llros (tndicated by a broken 

I lna)  a l  tho longoat lived inotopon Po). alemento u p  to e.lament 110. Dnlsea 

mercpeetad i a l snd  of  stabilj t y  due t o  olooed nentron or proton shells are 

found, tho predictl.ons buned on the re y lar i t i es  In the decay pro)r~rti.es sug- 

gest that it should not, be possible t o  yroducs and detlect acldj tionel elomente 

b y ~ n d  anatAer ha3.f doaen or so. 

Dy tho t h o  elanlunto 104 and 105 aro renched we &ball probably find 

kltaL the Ionpst-lived lqotopos t h n t  otln bo jmpred w i l l  ex in t  barely long . 

snauah Par o~remicnl. identification, whicb w i l l  undoubtedly be m d o  an iaa- 

tones with nn odd n u d e r  of nucleons. I t  I s  probable t h a t  the p l . u s e n t  

e r k t ~ r h  for the diaoavory of a new element, ' cheml oal iden$ iflcution by 

Omdltlonal imthods ~ n d  sepration from all prevloualy known elemonts, 

~13.1 Imvo t o  he changed nt aoma point. Careful investigntions of' dsoay 

pr*sjwrrtiae nnd renotion yio lds  and moahante~ns, together  with tho uon of 

tdb:e reooil tsohnique oorabinod in  80mO cases wlth t h e  dhernlcal ident i f iaa-  

t \on  of daughtvr i soto~ma,  airarlld provide means for  the set is factmy 

ldentiriaatlon of i eo tape  with vory abort half l ivee. Decay prqmrtiee my 

hare bo be measured at  t!m target arua, on recoil'-&duct nuclei, during, 

the bomb-trdment, In 80- aasee, it m y  be paeslble t o  m!te a oatiefectory 
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In the future w i l l  be rrcaompl~shed by suuh rnethodts, and t h e  productjon of 

d l l ~ f a ~ p ~ ~  or these new e3ements with sufficjently long half livos t o  allow chemf- 

-1 1dentl.fioation by traditional r~et'~odo u i l l  follow later I.f t h i s  I u  pmsible 

8% a l l b  Reprdloao of the mathod umd, evldence for tile diecorery of a new 

ablment ekouJd i~ralude a reaeonebla aatabliehment o f  tho atbmia number and 

thia raquiros more than tho obsamatione of pred cted decay propert lea  and 

rj olde , 

Tha pradjntion of the ahmmioal. nropsrties o f  the  elemmte beyond 

mendelrvlwn rooms t o  be quite etmfghtforward. The p a l t i o n  $n t h e  pwi.odi~ 

table of undiscovered eletnents up to olemant 118 om be nrsdlcted ae a con- 

eequenes of having determined the p i n t , o f  f i l l i h g  of the 5 1  electron shell 

whioh ooours at elo~nent 103, even though rmny of them w i l l  never be pm- ' 

dtlsed. The ohembcril, properties of a11 of' t h s m  e.lt~n8nts can be eetimtsd 

t o  t!te extont that raembership of any olemunt in a certaln group or column 

i n  tho poriadio table forete l l8  its ahemfoal propertias. It i s  expected that 

the aotinido series w i l l  be aarnpleted at, element'l03 and that  elements 104, 

105, 106, @to6 wlll be fitted in under hafnium, tanth'lsm, tungsten' eta., in- 
' oludlng the pnitiona acaupied by thorium, nrofaatinitm, and uranium jn the  

gre-World War TI periodic tables. (Sl ide No. 2) The f i l l i n g  of the 66 e3,ectron 

aha l l  should bo foll.owed by the addjtion of electrons t o  the 7p  a h e l l ,  w i t h  the 

rare mn atmature bein6 attained at slonent 118. 

I t  seam probable that ttre chemical idantific~tlon of element 103 

and of  isotopes of element 102 with aaff! cicntlr long half l i v k  w i l l  be made 

by tho ion exchange method. Elemarlt 102 n igh t  b~ ergaoted t o  have, in 
L 

addition t o  a stable I11 ox1datl.on a ta te ,  a eorn&hat unskbls  IT etate in 

queaua aolut1mb Thla lower oxidation s ta te  m8y.vall be i q & a n t  in the - '  , 

amntual chemical fdent i f icat  S on ofa longer-livsd irdtc++s o f  elemont 102. 








