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236 t o  241; of which F u ~ ' ~ ,  
- 8  

$8 s h o e  in- this  work CO %e h s t a b l e  t; I .  
, *-.pu241 
- e  ., prt io l ea ,  leadin$ t o  the 

I 'of np2s7 d d  the'de_uteron. bombardment oh . ,  
. i so$>pa  of_  element.:? direotly, t h b  expo 

.. - ;240. ' O f  5k.eses 9623R-6nd 
* \  

-. A t t h e  bqinninp, In the soaroh fo 
1 

- \  I -' e l e ~ ~ e n t  95,' it W ~ E  asrumoh' & a t  the ohenioal propertlea would be L i m i l a t '  

to those o f  the .lant;haqide ele&n+,s in tho (IIX) oxidntion ata te .  

- 1 -  . I  -. 
. 1  - -  _.  

I t  has- - k , I -- 9 .  

- \  

\ -  - '- been poi$ted put .by, SGborg(1) l ~ p ; ~ p s + o s  09 t h e  elme&- * - - 

fallarrLnn aa:initin(element 99) i n  the p r i 2 d i o  system hay be explain . i '  , . '  i ,  

on the assumptionr that t h e y  aonatitutq a mre&rth-like -eerie8 (ac 

serios)  i n  whioh-the 5P ahel l 'of  eleotrons is; i n  tho process o 

On th is  basis. i t  w a 8  prediated the% the 'Ibrdasinp. s tab i l i ty  of the '(131)- 
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- - _  atcte of the aotinide elerents should culninate i n  very atr,ble-(-III) , -. - . .  

\ -  

i t  .L 
- 

found in ;he l&% f a l l  of 1944, in the i 'on,of  nuclear and ch_en,ioal- 

7 data-pertaining to_'the - isotope 95241e I t  $8 -8ug-osted that tlie new ' r  
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- ,  elemeqt be named-ainerioium (in-honor of the Ahriaas)  and hnve tho s.mbol 
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* . .  - - .  . . Am. Fip * n a q  is h i e d  on tihe stmnrc 'anal0 
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On t h i s  basis, Iihe doorease in  20 kev, beta-parefcle aat iv l ty  'relative 

I 1 ,  

edrsion in a &e-sarbh frkotion (lanthanum fluoride oakable) m y  . 

be eonaidered ruffioient evidenoe, of i t r e l f .  kor the presenoi of an 1 -  
' *  , 

, 









* I  
I t  . i f  

rtiolor has been measured by fa0 m 

in thin m i a a  lrheets of hoar, t h ~ ~ i m t ~ ~  and (2) 

c (1) a b r o h l o n  

rential anrlyria, ’ 

I .  < 

! , by eleotronlo mB(Ln8, of the p i ~ l s e s  produced by the alpha-partioler In nu 
’ I  

ionisation ~hamber(’l)(Fim,m 2)? I In b;o!h mthodo th‘e em& up8 

obhined from- direot owprleon w l t h  atanakrh samdss of other a l p h ,  

r o t i v i t l e r  of known enerelea.‘ The value. from the two  mthods oheok ‘ 

(Fig. 2 
. 1 

( *  t I ,  - - 
I _  I 

- b olosely a t  6.46 f 0.b bbv, In the mica absorption method the observed ’, 

- t?!ev, by use of “he ranre-enerpy relation riven.’by Iiolloway and LivinC8ton 

i i 

, value i r  in  ferns tile r tkp’fh air Mioh is oonver~d %o mer& in  ’ 

(12 1 % 

-, \ ‘  
I _  

1 /. 
Abnorption measur%enti on the eleotromtpnetio mdia tions are ; 

, \  

shown p p h i o d l y  In Firures ’3, 4,* and 5, The 3n’t;ensitfea r h m  

are .for a’sample oontainiv  10 disintegra6ions, par minutexof alpha- - J 

C Fib. 3, 4, 
and 6 

I 6 
t j  - - .  \ 

’ partiole aativity.  The Ppparntu8 used t o  deteot the radiation# was a be l l  , 

, - 
‘ 

!Jar type Geleer oountiac Lube, l-X/S-Inahes in  diameter end 2-5/8 \ 

- *  

-2 ’ 3nohes l o w .  ‘The window was of miea, oao 3 mF.orn. &ok and the body - . 
I -  

/ 
. ,  

\ 

of She tube was uoopper. The, tube W a l  filled,‘wit;h a 90% erp;on-l(l% ethanol 
\ I 

mixture tb 10 om. ‘He pl.irs~um. Thd-oaaode was B 5 mil t u n ~ s t e n  wire 1’ i , 

’ ’ terminatin8 fn a s ~ l l  Flea8 bbad ;/16 inoh f A m  khe mice w5adow. Sampiea 

terh’oountcrd i n  a poritionclm have iL 10% p&etry factoro 
2 

~ 

* 

, 
c 

I 
-The elecrtrowcn*tio,radlnt~oh;e observed are (1een t o  be of  two 

I 
1 ’  

3 ,  - 1  . . 1  

- tolaarea: (1) a ‘62 ksv oamponent, the eountinrr effioi;rady for whioh 18 

about 0.5 peroent under the nbove aonditione, and (2) a cmplex mixture \ - 
of radintlxia apparently ooveriag,&e m q e  LO t o  20 Lev whioh have the 

amorpt~+ oharaoteristioe of n e p t h u n ’ ~  x-ra t ibn.  ’me oountihg- 

ef f io ieyy  ib’r the la t ter  is not‘ readily oaloulated,-but i r  probably 

- 0.. 1.6 peroenf under the above aondftionr. The aluminum absorption , . 
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and &prey in' 
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sanploa investigated Boon after terminab5on~of ::Irradiation in the Aqonno .> . I _  . ,  
< 

I 

, A demy o b h i n e d ' i n  reoent ex&rirnents at  thls labox&ry 
4 '  

pile .  
I , -  , I )  \ I d  

, Io piven in F i p r e  6 for n e  Atn242-beCa partibl'es. A low-liyed' ' <Pi;. 6 I 





I (  
_ -  A, Deuteron Bmhrdmedt of pu23'. 1 I AI /1 

in the  sixty-inoh oyolotroa in order ' to  prodde qmericium i8otopes of 

. . &vera1 tarreta of €b2" were bmbarded ip 19 Eiev deuterons 
8 I <  I 

. \  
> ! , -  

1 4 .  

I 
. ,  

mnss nmberb'257 t o  240, The tar&ts were p d p r e d  hy the evaporation I . .. L 

1 '  
- \  , .  - 

of S l U t r i O s  of plUtoniUm(3V) fluoride on reotanmlar platiqpm plrrtes of 

om & b 2  are@ (gnterosptor +r(rets).' After i i n i t i m  in a i r ,  ,tho samples - 

were plaoed ,in the  t a rpe t  

* ,  

1 
' 

r of the byol6,tron in suoh a way a8 t? / 

d ema As mora as poasible 

I after the end of bonbardment, diasolved and prooerbed - 
' .  

inkemopt the mat inbense 
. 

ohemiaa11y % y i e ~  mre-eart;h Pmotions 'JY the suaoeeeiw . -  premipitation 

of lanthanym(fI1) f iuor ide  oa r r i e r  Prom r t r o  
- - ,  - 

Y 

, 
The ea';inide-elbnf;mt~ wee seeparated f k  

preoipilqtion of lanthanum(If1)~ f r o m  3 Ed Hm3 0 1 P HZSiFs 8olutio,nb ( 7 )  \ 

, -  
anide elerants'  by, t h e  

, 
.- 1 -  

\ >  

c 
Suoh preoipi ta tes  are known t o  oa&y,90 peroent of rare-earth'aotioities I 

and only 10 t o  80-peroent of ac t in ide  aotivi<ies,  Reoovery of the , , , 

aotinides (in t h i s  ,oas& amerioium) was effsoted by the addi t ion of, 

suf f io ien t  omoentreted W t o  preoipitate the remaining lanthanum nfiioh - . ' 
under hhere oonditione oarr iea  t h e  transplutonium aotivlties. ,Cycles ,, 

suoh ~8 this were repeated until the aotivity had a oonstant oonpouition 

, I >  
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1 ,  

I 

, with b s p e o t  t o  a l l  types of radiation and ,unt i l  the ohedoa l  y i e ld  mr * , 

I o p l e  was k h a t  expeoted of amerioium isotopes., ' 

'\ 1 

Deoay measurements were ,pede under faur sets  'of OD ing eonditions 
-2 .usfnp; a $hin window (s 3 ug.om. mica)/GeiFer tube deteotor: 

/ 
. - t  

I, 

/ '(1) 7 ~ ~ , o D I . ' ~  alumin& filter, to  prevent the  de t eo t im  of alpha 
* I  

I 

1 I - 
. I  .* - 1  I 

, prs io l er ,  
! 

-& 2 \ 

(2) lSq0 mp,.om. ,beryllium f i l t e r ,  t o  a l $ w  pasaape of tprt I 
> 

1 - >  

i 
elactromapnetio radiation, but stop, a l l  e-mept t h e  most energetio ' 

- 1  I_ , . '  
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f b p l e r  o f  gesr were p m p i d  and bo‘mbhrdmqts were a a r r p d  out In 

- 
I .  

a ,maauk arrloghs to the msFods of Seation ‘IT-A for deuteron bombardment@ 

of Fu2=. The motivated sampler were ohemiaally pktoeseed / 

and fraoflons rlmilar to,thQ8. in the prstrio~a p r t  were ob-lned. 

A.alya,lr of the m1dia%IOn8 f r o m  amerioium samplee maulfed io decay and - abl’ 

sorption data whloh prodded ample evidenae for n e  pteronoe of 12-hour and 

601hour aotivitim r i tdr  the knm nuolear propertiea~ee befora. 

produo%$ of the helium ion bodrdnent of TipzJ7 are jubt do- expcloted In 
i the deutarda bgmba-n1 of p0es9, sinee We same ympomd a&leus is form- 

i n  &e aame’way 

I 

The poraibla 

i ea i n  eaob omm.‘ i 

In oomparable bon$mrdments, the relsClw yield of the 12-hour isotope 
* I  

oa&red to the S&hoar fao&pe was a F m e w k  higher for the oase of \ helium 

* ions on Bpzme The kinbtio energy of the helium ions , wa8 reduosd from 58 

Mev t o  32 Mev l a  one oaw with B oonsequen6 ohange in relative yield.  

These rswltr and the aorresponding results from the G2”- deuteron experi- 

brits are dloousrdd in Seotlon IV-0 .  

- 
, 

3 .  

. $  b I 

I 

2 39 C. Helium I o n  Bombardment of Fu , . 
t In the helium‘ion bombardmnt of h2” ! 5 )  the partiole ’and eleotro- 

m p t i o  radlat lona of the 60-hour aatlvlfy aould be observed i d  the uom- 
I 

’, blned ‘amerlo unrourium fraotlora and in &e amerlolum’Praation > . \  after aepra- 

- 
r .  

‘\ t 
tlon of Wre amerioh and aur&m by meatno of thelr deleofivk elution Pram ’ 

main ( b e %  S O )  adsorption oolurrm with, nmonlm oStrate solution. 

12-hour aotlrl%y paay w e l l  have been proeent Init ial ly  b;t the tims InvolYud 

in a i r  clsprrrfion’ms . Irii long that none remainnd af ter  thd reparation. 

, &e fonnation’of fbe . lbhour aot iv i ty  may ‘have been due to ally or’+’Of 

The 

. .  
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) De&eron oontamination of the ion beam, €'~"~(d,Sn) Am 
I 

(2) h239 ' (a,p4n)6,28* 

1- \ rhort 9 

' I  
I 

5 (p) ,239 (a,sn) i n  258, >E ,- &sa * 
~ 

' I  De A s r i m  t o  0 

The i8ot'ops of amerioium disourred in' the prijvibua par t s  o f  thir 
, 

- ,  racrMon rhould, on the baht3 of their method of formtion, have mass num- 

bers in the ranee from 257 t o  240. 

between the two a8 micht have'-bean posrible rin6e the 12-hour a o t i v i t y  

aatald deoap by isomerio t ransi t ion.  

by deory of the 12-hour isotope, Che'logaritJunlo deoay of ,%he gama 

aat io i ty ,  uhom in Figure l2,,nould not be observed, but rather the  ourve 

would be oonwx dueLto the superposition of a 12-hour growth component f o r  

the SO-hour a c t i v i t y  upon the decay of  the i n i t i a l  independently formed 

SiOl'nour aotivity0 . \ 

There is no genetie &lationship 

i 

If the fibhour n a t i v i t y  were produaed 

\ / '  

\ 

PBSptunium and plutonium fraotione were remowd fmm pbrtionr of tho 

239 amerioim fmations from t h e  deuteron bombardment of Pu \ after al laning . 
I I .  

. .tlm for the growth of ddughter yo t iv i t i ea .  

enougb to have de*-d. Tlp286 '(17 'hour$ .beta part iole  adasion) a s  the 

' daughtar of the 12-hour alpha a b t i v i t y  if the l a t b s r  were due t o  - ,  Am , 

The methode wero aensitivo 

i 1 240 . , j  

- 
b u t \ i t  haq not been observed. The oniy other daughter'isotop6 o a p b l e  of! 

b e i w  i o m d  with~suffiaienC yie ld  t o  be dsteotsd as a r e s u l t  of growth 

from-the amerioilnn aotivities, . i s  pU2S (e 90 part  alpha par t io l e  - i  

emietrlon) if formed from Am238 by e l i t r o n  oepturo. The amounts o f  &is 

iro.pppe expeoted from the most mdioaotive samples of ameriaium obtainod 

were jusk on >the l i m i t  of deteotion and poeitivb evidenoe of i t a  'formation 

is laoking;. 

i I 

' 

- 

A quant i ta t ive evlll&tion 0-f r e l a t ive  yield8 of dii'ferent'iaotoper 

- -a8 a ftanotion of bo&bt?r&?ntlenergy m y  o'ften give an idea of  t h e i r  m a 8  
' \  

I . .  
1 I . "  

& _  .- 

I _  

I 

., 

. .  
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aueig:nmente empoially if tho mpsa number or one of the isotopes i r  known. 

, In a i s  oase both are unknown'. 
\ , 

Sinoe che half-llvee of Che isotopes are 
1 

, 
' I  

d i f fstent ,  the o8lculation must be based uponian acaurats &owledre of I 

the o.yolotroa beam intensitqr a t  eaoh tiplo in the bombardment, if the 

latter \8 lower than, or comparable to, the half-l ives of the 'isotopes. 
f 

\ ?  

1 

, The, beam intensity my, ' In  soma 'obees, vary widely  f p m  &e to time, making 

'aunawtlon methods nekessary. 
J \ 

/ 
I 

I 
m,e number of atoms of a piven i s o b y  f o m d  durinp a bombardment 

I .  

- 8  * f intern1 ie given by' . .  

I I '  . adorns per unit area, Qo ,the cross ,seotion for' the reaction lnvdlwdj. )r 

,' the d e w y  oonstant of the prod&< nuole&r 'p.' t$e  intensity of inoident 
- I .  

partioler; and t, tho length o$\the bombardment interval'. 

are made'at a tima, toe  afCer the end of the bombardmont interva3, We 

equqtion must be modified8 , 

If obserktions ' 

I I 

I 

I i 

Now, the'nurnber of disintegrations of *e produot nucleys, A, l a  related 

to the number of ntoms, N, by the oops.tsnt of proportiomli&y, 
I ' s 

I I % I  

1f .a Piven bombardment be oonsidersd aa a series  o f  intervali  In each of, 

whioh the intensity relat ively oonstant: I 

I '  ' A - K g i , ~ ~ ( l  - e+nlad'ton I - 
'where t a n  is the t ime  from the end of each bombardment. iaterodil to the 

. end of the total bombardment' (or % any other' time of  observation deslr6d). 

f 

- .  
1 

< ?  
i > \ 

I t  follows that the ratio of aot iv i t i e s  due to isotopee "e" and %" is': I 
I 

I 



i I 

Any observable quantiw, AQ, 

'dieinfe~ra;tlone throw a oons 

tive amis eaotioni fo 

1 to the true,rate of 

I I '  
\ 

I 

,. * 

usinP the counting rkt&~obsehmd l n  the diffordntial method 
I 

I 

I ,  i A (' SOJQourj 

desoribdd i n  Seotion IO-A, , , vlrhioh I .  are olosely related to the x-ndintion 

from eaoh isotope, values of I 

, ,  
'Ai ' l2 how\ have-been ned for  19 Mew.' I 

-16. Wev and 13 ?dev deatbron bomhrdmenta of  W2s, 8s we11 a8 for  38 Fko 
$ 1  

.. i 

and 32 Ilk0 heliuh Sori bombardments of'Np2T' (Gble 2). The oorrespond- (Table 2 ,  ' 

f * r  
partfole and energy to b e - p d e .  ' 

% 

. i r  i 

12-hou6 %sotojm inoreased relative to the b*hour isotope with  deoreass in  

\ 
Fro? these data aortain ,koti beoom apparentt (1) ttie y ie ld  of the 

' )  - 
\ 

~ 

nndt ia  energy of tha iyoiqsnt i#r 

are ,oonsidered, (2) the variation 

le, w h e ~ e r  hel!bm ions or deufsmna 

kelatl& 'yields i o  not a8 .great as \ -  

I I 
I 1, 

' I .  
'" ' 

' * f  

ib nonaily*expeoted for @a tion (son) 'or (a,4n), oompared to '(a,&) 1 ,  

, I *  

' r  

or (a, b)(or,  similarly, ionqooplpared to , 

<the (a,&)& (a,&)), and (3) the 
I t .  

' . -  . .  I ,  

d-of  12-hour~aotIvity appe8i-a , ' 1 
, I  + I  

thnn that of S~hour 'ac t io i ty ,  ,&me E !E probably not vetry ' . 
L 

f i 2  hour.] is , , quite lawe. ,At  b8*&v I& (a,&), '(a,%) Faction; are ( $ m G q  k p m  t o J h  I :  

and for 38 Yeey",helium ions the value of IK 
L ,  . >  

t .  

predominant ( 8  h i  k rl y, the (d ,2n)' 

*C lS\Meq the (d,4n) rgaation is  e x p o f e d  t0'h.m a vee 1~ yield. 

aeaignmqnts. whioh are entirely'oonsletent with the observed data arm 

(d,3n)-rb.otIons 'at 19 b v ) ,  and 
I ,  

i , _ *  I 

Mmsn 
' 

. - ' ,  



. '  Bd++ 58 l4Bw I 2.94 11 72 4.0 

52 BBSV' / 3.74 21.80 . 5.8 

d /,' ' 19 mev 1.19 0.96 0.6 

16 ZQPr 2.41, 2.67 1 .l 
< ,  

1s rn 2.83 3-68 1.2 

J 
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(a) Am2M,-  For the !%-hour isotope and' (b) f o r  b e .  12-hour isotope: , 
I -I 

1 s  

hother f a o t  ekrqinp from the data o f  Zdile 2 is t h a t  the compound 

nuoleus i n  the bl lum ion bombardment of lJp2= 5 8  d i f f e ren t  in some ' 
? '  

pspeot Plwp t h a t  formed i n  the deuteron bmbardnent 0f'Pu2j9. If the 

expeated exoftation 'energy i s  oorresbd f o r  the differenoe in .binding 

eneqier per pertiole'fn the helium nuoloue end tha deuteron, the aampound 

nuelsue 'formed in  the 32 Uev helium ion bonhrdnent'ahould oorrespond 

1 

- 1  I .  
- I  

7 

I 

1 \ -  

I 

\ 

. rather olorely t o  t h a t  in tha 19, Mev deueron bombardpent. The r e l a t i v s  
> ' .  

I .  , 
y ie lds  fn the zlro oases are more dii'ferenQ than any o f  those observed with 

a wide varia;t;ion in  kinetia e n e m  bf - s i t h e r  par.ticle.' ,Thia rday be due i n  

p a r t i t o  large differenoer in binding enetm of the nucleons or differences 

in enwlar nhrnentum of Np2", relative t o  P ~ I ~ ~ ~ ,  and/or the f a i l u r e  of the 

oompound nuolei  I t o  aohieve ~ u n i f o m  dirtribution of '  the exci ta t ion energyo 

I , I 

, 

' We wish t o  t k n k  PrOfeS8Or J .  G. 1Iamiltm. ?.k. T. 1.1. h t n a m  and 
I '  

- t h e i r  sreooiatbs in- the Crocker Radiation Laboreboy for t h  4.r cooperation 

tin pmviding bonbard!!ents with the .6O-inoh oyalotron. 

and Yr.. S. C. Thornpeon participated in mny of the  experhents. 

!&. Alber t  Ghiorro 

The 

' oooperation of the groups a t  the 'Clfntonj Iabaratories and the 'Banford 

Ehcineer morks in makinp the neutron i r r ad ia t ions  is also ~ & t e f u l l y  
<' ' 

aeknowledged. . 
T i 

'&is 'paper is based on work performed' undsr'Contraot No. R-7405-enpp48 
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