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X SQveral isotones oi‘ 1-he new elemmt S5 have beeén, proiuce _their -
“radiations’ chvaoforizedL The chemlcal properbiea ‘of "hls tnpositivo '
olement are "similar to those of sne; thioal tripos1flve lanthanlde ’
rire-esrth elements. . Element 95 is.dj fferent from the latter in the )
degree ‘and ‘rate. ‘of formetion of) certain ‘compoynds of he: ;complex. ion o
- kype, whioh nalrea poss:ble the separa’ci.m of elenent 95 fro'n Me lano

thanido ra re-ear uhSo .

e Thernu'qe anericmm (after the' Amaricas) nnd the svmbol Am are, aagu
posted l’or the element on the basia of ics posntion 8s the szxth mem- . . \'
. ber- of "an -actinide. rare-earth so 1es, analorroua to europmm, Eu, ot‘ the i

,mlanthanide series., T fh o / o LR 3 o

. The iso*oneq found anrl o -zdied in this wor!r are. (1) Am ', which
decays by the emission of alha-pariioles (enerry-5.45 Mov) " with a :
N$10 = 20 vear halfelife and is oroduced by the . Bg a~-decey of Puz‘ﬂ. which,.
in turn. 1s ‘produced by. the (a,n) reaction on U° 3 (2) An® 242 yhich- . .
3 deoaya by the emission of beta, particles. (ea. {* 18 8 Vev maximum energy)
- with a. 17&hour half-life or, in another’ isomeric 'form, by brunchmg
"decay with the emission of alphacparticles (enerey tmknown) and- .
- beta-particles (cm. 0.5 tev maximum enere‘y) in the ratio o&. 0.002:
- alpha~particl a per U:a—partiole; both isomers are produced by neu’cmn .
. éaphure in Am (3) An??
“(a) by orbital eleotron cap.ure with'a 12" hour half-life and emitting
.0.285 Mev_ pamme ‘rays and . conversion. eleotroru«in addition to the
. charaoteristio X-Trays. and . (b) by alphd particle emission (energy un- - - .
- ¥mown) 1n the ‘retio’ oa. 0,001 alphacpartictos per eleetgon gapture.. -: T
This -isotope is produced by tae (d;2n) reactibn on Pu?s:
(a,2n) reaction on:Np 237, (4) Am238 which® decays’ by orbital electron. .-
v 1. capture ‘with & 50<hour half-life emitting 1.3-l.4 Mov gama rays aags g
S .conversion electrons . in addition ‘to- the: gbsracteriatie Xerayso IR
LT s orgduded. by the (d 3n) reaction on Pu™% and by the (a.Sn) reaotion( LT
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S ,/Isotopes of 'bho element wi’ch atomio number 95 have beon produoed'

"and identit‘ied 1n experimenta carried‘ out with material actnra!;ed in )

oixty-inoh cyclotron of‘ the Universitv of Calit‘omia. . The tnrret o

T mterials whioh have been suocessfully used in the produotmn of‘ these -

1so*opes are U

' : 4 < P
of 0238 landa to '-he rormation of plutonium isotopea of mu numbora
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n Pu241 is ehown in thia work to be unstable to‘the emisaion of beta~ ‘,

'L element 95,_1t was aeeumed that the ehemioal propertiea would be similar

‘ Am. Thie name is based on the stronr analory between element 95 and
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236 to'241, of whioh Pua’fs. Pu238 and Pu“g ‘known 0. be. bpta-stableo

- B “ A i . A

41

partioles, leadinr to the production of 9L2 The helium 1on bombardnent

of Hp237 and" the”deuteren bombardment of Pu239 are oapeble of forming

130“)003 of element 95 direotly, the expeoted’meea numbars being 235 to

z-mo “of “l'eee, 95 and 952"9

\

ahould be'formed in the hirhest yieldae

At the beginning, in the seareh for activiries due to 1eo,opee of‘

L T~

to those of the lenthanide e1emen+s in *he (III) oxidntion atateu It has_ ,

() o

been pointed out by Seeborg that the ohemical properties of the element:

fellow*nr eo‘inium(element 89) in the periodio ayetem may be explained

on fhe aeeumption that they oonetitute a rarenearth-like aer*es (actinide -

W .v,; .

| f serioe) 1n which the Sf ahell of’ eleotrons ia 1n the procesa of comoleticno; ;

On thia baaie it was predxeted that the 1noreasinw stebility of the (III)

'etete of tLe aetznide elerente should eulninate in very atable (III)

states: in elementa 95 and 96. ”f ’:_ “--’,»'j,: TS R _ )

-,& The first pesitive evidence for the existenee of eleme't 95 waa

fbund 4n *he la,e fnll of 1944, in the, rorm or nuclear and chemieal fi5;j“=‘

- - T e

data pertaining to: “he 1sotope 95

element be named*emericium (in honor of the Amerioas) and hnve the evmbol

] 7 ,."

It 1e sur~ested thnt tue new ,

. Nt

europium (after Europe), Eu. of -he lanthanide rare-ear“h 8971950

EER [ R SR RN ,-'({
? e 1L Amg41 and Releted Isotones own el

$
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'.-QAG' Helium 1on Bonbardment of 0238 ’“i iaii'%;_wf~¥*ff~t§~"f qﬁe"*<‘5%:
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Umnium 18 which the . 180»3}')16 eontent of’ S ‘wad-reduced:by the: : i

(2) |

eleetromapnetio proeeas wea bOmbarded, in the sixtv-in.h oyclotran at SR

4 A

Berkeley, with helium 1ons of o 38 Mev enerpy;~ Suoh bownardmentew ere

ey

diacuseed 1n mere detail in another paper(s)

- P

hepaetivnted:uranium;
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: data of‘ ‘Sohonland

()

»--t‘or ; ow enerry

a semilogariﬂmio

‘ whioh oor-j;'_?{ff"'b L
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TN On this basis, the dooroaae in 20 kev betaoparticle activity relative -

4 . <
l

to l’u""'a9 alpln—particle aotivity ia an indication that i'c is due to &n

Voo iw\:opo reaulting Prom: ‘the - (n.n) or (a,?.n) raucti n's ;\'

o / , Uzsa(n.zn)mzm S ; { o .
v BT A ARY \\.%‘-‘4
. Of-those, Puzu, with an odd number of neutrona. is "the most pro’bablc

< . N J,

1
courco of' beu-partlcle aotivity

An utimte ot‘ the half-life m- Pu 41 betia-particle emisaion my

~

"~ be made with the »folluwing obsemtiova: (1) the beta activity of ourve- I,.

>~

S Pip'ure 1. extrapolated to zero absorption as ;sha«n, “is 1550 counts per
N

minuto, (2) in thq same ' sanple o.nd at the same fcmnn'.j.n;:' geometry there

arc 54 counts per minute of alpha—particles due to Pna39 -{(3).the half-»

11fe’ for alvha par"iole emission ‘of" Pu2 S, is 24300 years._and (4) the

yield from ‘thie: (a.n) maotion relatiw to that from the (a.Sn) reaction L

S 13 umlly ono O.,Ol 1n the 38 Mev helium ion ‘bomberdrnont of heavy isotopea. '

1

From theso oonsidomtions the half-lifc of Pu . for beta. particle_ SRRy

’mission 1“ ea‘ 10 vearso . ‘ -

'me rare earth i‘mction from a similarly aotivated urauium sample RN

%

oontained an algha-particle g05ivity (enerp-v - 5 45 ﬁev) of lonp R

hali‘-lif‘eo’ Numerous tmcsr chemonl experimenta nhich waro oarried ‘ T

| ‘ -

out wi'ch such activity are reported in another papero R 'I'he evidonoe .

) obtained shows concluaivoly‘ that the aobiviby 1s due to a previoualy ce

h unknawn element. “'The: oocurrence of rela'civelvt energetia alpha—partiole .
‘ o
omiuion in a rara-ear h fmotion (].anthanum f'luoride carrinble) my

o be considered uuffioient ovidenoe. of‘ 1taelf for the presenoe oi’ nn

N N

' 1aotope ol‘ a rare-aerhh-liko heavy element. sinne‘ alpha-particle

; -~

‘- emhcion is an oxtremely ravre property 1n 1aotopee of atomio numbcr len i

1

s

A v : than 819 ‘The direet tormation of nmer:loium isotopee oy hho holium 1on
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N M"b"dm“ °f 0238 1' ““ P°“1b103 thorofore. tho proaenoo of tho

) ",‘*llnhn-plrtlolo o.ativity mt ho oonaidorod evidom I'or the i‘omtion ,, -

w L e

241 ‘a8 bho~prodmt of beta-partiole miasion by Pu 41

oqu

R . "‘,-_"‘-kuf,-
O Sovorul urplu lmovm to oontain appreoiablc muntn cf Pu 1 S,

nn enreful y puri!'iod to* romm all traou of nre—oarthpand raro- -
ureh-uh. aotivibiou. thon nro anowod to aband tor long mriods or

‘ timo. mum "

- the uloha uotiﬂty prwiously obumd Ial again !'ound, t:avgng/”ém D

ﬁnto the sav—plea rrom the plutonium ioureo. Sundard samples’ of tho

a0
- PR BN o

‘ previoualy lmown pluhonium isotopés were tmeed 1n a similar mnner.

but t‘anod to ymd a oompanb:o alpla activity.' Sanplea of *he amm

B '“iﬂty "” ""“’“d “E‘-‘m and N’ain from ‘the plutonium aanplea. S

: rosulting m tho obsarvatiom:

. A
: parti.o].o lctivity wu oonatant ovor ,a period oi‘ aoveral yoara. duo to

. '/,"'1

- -;I~tho lont hnlf'»lif'o of Bhenpnront uotope. (z) tho yield t‘rom a giwn -

amount of nmh in sinﬂar\ period: ot time ms direo'cly depondant
241

in tho plutonitm saxrolaa. m- ovidenoe pravas that tho alpha-aotivit.y

1,_1

13 dua to A:n arhing t‘rom the betaopartiole emission ot‘ Puz‘ :j X

Smnl nmpln of Amzn

A; u lonr period ot‘ ‘b‘ ,,, The\ prinoipal produot obaerved wan an isotopo of

- ourium (ole-me fae) cmz"'z (8) as determinod by ..ho halr-life z(oa. 5 nonth-)

und ‘.'.ho alpha-purtiole enerry (8.1 Mev). : soparation of ‘the ourim nnd

amrio“m totivitiea wu later nchievcd‘ bv ﬂle vse’ of a Nalcito (Dowe: 60)

in armonium oitra!:e solntion (9){
Th‘ °|l s fomed by the. reaotion;r’v- L T e T

B SR .

P - — B o
. - V- -

e 7

LR

re-oarth" tnctiom woro nyain ramovod from eho umplu. Sl

(1) the rate ot' fomation ot the' al;hu '

- nmplo was n linear l'unotion of uhe tim allowod ror ;zrowth. and (8) tho .

- npon tho mtantity ot‘ 20 kov betn-particlos. 1.0., ..he a.mozmt or Pu N

were) 1rradiated ﬂth thermal neutronl ovor e

._r,x

C b i

2_,@0.,1-.! C
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, rollmd by rapid nczative bota-particle deoav ot‘ Am %zgf'f In n'la’tar el s
-~ B . P ‘.:'. .s. ‘:' S ..

, ’ : 1rmdiltion. \carrled out in t‘xe Arponno heavy water pile, Hanning and
- Auprev(lo) dem+ed the beta-partiolea t'roxn Am and found the half-lit‘e 'i: el
t° e “' 17 h°“""~ m’? also demnstrabod t:be gmth of cmaaz alphn- SR

SRR °°t1"ﬂv vith ’che ‘same 17-hour hnlf-n"e. A_\. mrther discuasion of Am24z N

g =¥

L— - . \ R 4 . o 2, \ ‘
R . ia riwn 1n the next aeotion. T ',_1_ ST o - S

N . - An of the experimanta wibh bho 45 I-’sev alphu.—activity Are conu.. ST

L ﬂnt \vith ito aasivnmnt to Anz ‘mo uotopcweaulta from hho beta- L L P

| :_, d.oay of p,,341 'tberml neutron 1rmd1ation of tho mtorial »resultc S L
in thie fomtion of a beta-aotive iaotopo whioﬁ {de‘oava o cmm, which \, | \
: ’“ "‘"’“ d’“Y’ %o nga. o well known uotop, of‘ plutanium(s) R
3 “ ‘ ' ;;,,S,; Sampleglof plutonium ;n/nlloroua to- th:se in whioh Amz‘“- .t.'rowth m’ '_,_;' ~_  _

obaerved were prooened to yield radioohemicclly pum umni\m fncﬁons T

L ':»,' : U - R PR
R by an oxidation»reduction method employing nitric acsd oxidetion of ( N
O ' ot PuF rrior s
-T;m‘anium fro the solution. -’ The uranium fraotiona' were I‘ound to oontain' T
‘f; K \ a bet:a-activi':.y-of 6.8°day ha1f~n|'e,\ correspondmg to U?s" whioh could,;'_';‘.;. e
(s o e }I"_be fomad as a result of. alpha-deoav or Puz‘n The yield of 5 e aotivity A
i : pared with t‘xe yield 1‘ Amzn : =
: - THB. f'Ghemioal Properfies ot‘ Amerioium.,_;‘_, - s . T
e - \1 ,; } - , ,’\ :‘,\../.; ST - " Lot " :
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evidence praviously piven,




R _~’ The. disinbemtion o!'Am

Nuolear Radiationo of Am 1 ' " N R
41
P
partioles nnd some nuoeiatad olcotromgnotio radia 1on. mo onerrv of
the nlpha-partiolea has boen mnured by two methodss (1) absorpezon T

in thtn mioa sheets. or known tzhiolmoaa and (2) difrerontial amly:h. ’

is aooompaniod by the emiasion of' ulpha-

’ Y bv olootronic meana, of "he pulsos produood by the alpha-partiolu 4n an h

ioniution ohumber(n) (Pirure 2)., 1 bobh mthodn tho emrgy wu - (Pige 2

obuinod i'rom direot oanpar&son v:ith atnndard aamolos ot‘ other alphn

aotivitios ot’ known anergiea.\ The valuu i‘rom tho two me'chods cheok * . -

cloaaly at 5.45 L 0. 05 Hev. In’ the mica ubsorption moth od the observed ;
, value is 1n torms ot' the rang'e ‘i adr vrhich is 'oonvarted 5o enerfy in e

Fov by uso of *he mnre-energy relation riven by Bolloway and Livinnton

Absorption monsurments on the aleotromagnetio radia tions are g

,‘\

(12)._? ]

ehown graohicany 1n Firures 3. 4, and 5. The intenaitieo ahovm <Fig. 8, 4, ,

are for 3 oample oon‘caininr 10 disintagrationa per minute ot’ alpha- S

nnde.

partiolo aotivity. ‘l‘he apparntua uaed t0 deteot tho radiationo was &’ bon

Jar tvpo Goiyer oounting tubo, 1-1/8 i.nonoa 1n dlameter and 2-5/8

o ' Smhec lonr. Tho window was o!‘ mioa, ol. 3 mp.cm. \thick and tho body

,

ot‘ ‘-he tubo was oopper._ 'l‘he tube was fﬂled wi‘bh L 90% argon-mf othnnol

mi:tture to 10 om. Hg prossure. ‘I'he ca':hoda was ] 5 mil tun'-aten wira .

ternﬂ.nating in a. -mall rlaaa bead 3/16 inoh from ‘the mica window. Samples

~were oounted in a poaition b have 'Y 10% reometry faotor., _'

‘4 \V 'l'ho eloctromsuetio radintions observed are aaen to be oi‘ two

S .
Pl

»olassea. (1) a 62 kev component, the connhinn effioienoy for whioh 1:

of' radiathm apparently oovermg the mnre 10 to 20 kev whion ‘xave tho -

' uoaorption ohnuoterisuioa of neptunium L x-mdiution. 'I'he oounting

\

L -of‘rioiency for the htter is not readily oalculahod, but ia probably

oo. 1.5 pereont under the ebove conditiom., 'I'he qluminun nbaorption . ,

nbout 0.5 peroent under uhe n'bove oonditiona, and (2) a complex mix\:urc .'\ )

N .

P

e . i .- C . . . B ) :
T . : e . . ) o~ Iy - . . . v
s - '
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PN

: Aninon

K dieinbegrabiona and the 62 kev p:arma rays, in oa. 60 peroent., :

5t

. Lécn' - Biss'

from ‘an axtrapolation ot‘ kncnm L xaray enerries tabulated by Compbon

and Alliaon(m) and tha'.rolatiw mtenaieiu riven for uranium by
(14) L

. "
s N ke RN N

(.

~

i‘\msu: cons’cruoted o

L

[

i

) Uo‘nr the countinp eﬂ‘icienoies auumed in the a'bove disouuiou

tho noptunium L xoravn are emittod 1n ca. 100 percam: of the alpha\ L

P

* i" -!v e e

"\

‘bo exoito tho K eleotrons (bindinf- ,ennrpv, ca. 120 kev) may take olao-

:ln the L ahell whene the bhding enerpy is much lesq (oe.. 24 kev). if

( .

Internal comreraion of a ganma-r»v whose ener'ry is inauff‘ioient ar

.‘lhe subaequent occupation of tho vaoant L

oleo’cron atate by ano'-her electron 13 accompr.'zied by the ohnraoteristio

I. x-mdiation of the produot e].e-uent.

P

olootronn are ‘not energretic 'enouvh ho pnss ’thmugh the 3 m;-.om. 72

C

i

"" onouph enerry 13 available.

[
¢

the case or the conVersion of, 62 kev gama rava is about ps kev.

\

v me enarrv of‘ the eleotrona in

,4

*wmdmr ot‘ the Geizer wba dosoribed above and would not have been o

doteobed. ) j‘. »

P

Tho hnlf-li f'e of amarioium haa been detamined by Cunnin;'ham

/ .

'
PN

Yo »

l . ‘

ES

Lo

Suoh i

mica :

’

(15)

Yo bo 510 : 20 yar‘ra. :

/'

N

s

"

IIIo

Nuoloar Proper'cieu of Aw

PR

0,

Dl T

The valuo is baaad on spocifio aotivif.y maaure- "
: \. ot - S

ments earried out on tho ultm-miorocimnical acalee
' 242

bv the thermal neutron irradiation of Am 1

-

'l'he \prodnction of Am

has been mntioned in Seotion II.,

l

i

The oxis..ence of tho iao ape wai

. l

o first indicated bv bhe formation of an isotom of curium (nt. no. 96),

2

the radigtive oo.pturo of tnerml neutrona 1n Am 1 The enission of
A : N ( W

ne;rativo- bata pnrtiolu, in Amzq',z. with a half-lit'e sh;rt com*arod to

-

the ‘botal timo of imdiation. results in the observation riven abovc. U

Ty Lo Ly N v‘b)« U - . B AN Al : ° i
i A SRR . AN LT
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- beta partiole deoay of Am z was a&hievod by Manning and Aaprey in ; M
. sa'nplos invoatignted aoon et“bar termimtion ot‘ ‘irradiation in l;he Argonno | V
_ pilo (10) A decay cum obtained in recent experiments a'c thia laboratory 4
\ ia piven in Fivure 6 for tho Am242 beta pari:icllés. A lonr-lived ) <Fig. 6 v ;

backvround activity is ,presont duo to the eleotr'ngnetio rndiationa

= . i‘rom Amzn and the rndiatio'xa ariaing in e lonp'-lived isorer oi"\ 242

. - eo bo doacribod laim'. ﬂw predominant aotivi y dua to 17-hour Am 2ez oonuistc

oi’ the be'bu partioloa whoso alumim.m: ababrpﬁion charnotaristica are f: : )
T R <Fito.

.l

shown rraphioally in Fimre 'h -

A nmple oi‘ theml«neutronoacbivated 241 was oarei‘ully purit‘ied

o - . \

and ullmd t:o sund i‘or smml mnthSa M: the time of. purification -f w

tho 17-hour Anzéz should hav; iiéen completely zrone from tho eample. AL

umplo o.nd purif’icd by oxidation-reduction cyelea. Samplcs oi‘ the neptunium-

pluton*wn fraction wefé observed to contain beta-pa rtiole aotivity wnloh
‘_~ docayad with a 2.0 day half‘-lif’a. ‘I'he aluminum abaorp‘-ion characteristica

f the beh particlaa were entirelv ccnsia ent with those of szse (16)

:“»'zs

. ,{ R Np in a ahielded" isotooe in "-he sensé that it irnot oroduoed

LR - -_t.‘ .
i

bv either mgai:iva beta mrticlo emiseion or bv orbital eleotron capture.

LY

b i:he hyPOthetical perents of Np ‘by th@“ prooeues .being Pu and 0238

reapootivoly. Euoh or these is atahle with ref'eronoe to tho prooese by \ _ ;

whioh u: wouid produo- Np 8, ~Since the- Np“e was obaemd to- g'rmv o

g 242

i:ho irradiated amerioium aample. lcng-l ived Am ‘s dooaying by the

emiuion or alphu particlas munt be' responuiblex R D

' St L 242 ‘, a_ 38 e ‘w'“'yi'fi T AT f}‘h"-:"'-'l' SN
. Am ong” Np ‘- '»_.’“,»“ Lo ;' L e,

After alloving time for restomtion of‘ the Ani242 p equilibrium

= whoso hnlf‘—life ia 2.0 dava (Firure 8) ( 'A LT :' ( Fig. l 1
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' of‘ lanthanum(III) ﬂuorido ccrrier from stronglv oxidizinp aolutionco, : y 2

e st o o sy i

msseaﬁr-~4

- A. Dcuteron Bomt’:ardr'ncnzt ot"’Pu~ \; L TR s

R T AECD - 2185

239 v o )i. ’ v ' ) -

i.
‘.\A choral hrrets of m werc bombardod .wieh 19 Hsv dcu‘herous o

in tho cixty-inch cvclotrcn in ordar ‘to ptoduc

1,

e nmericium isotopec of

0 \

A:'msc numbcrc 237 -to 240.. : Tha tcrgetc wcre prepared by the evaporation T

_cr clurricc o!' plutonium(lv) rluoride on rectangular platimzm platcc of

' onc m.z roc (‘.lntcroop‘bor tcrpets) Aftor 1rn11:ion in air, tho samples _

"1ntercopt the mat 1nbensc pcrtion cf thc ion baamo Ac ‘soon as pocciblc ‘

ﬁ The ao"inidc clementc werc separated fro:'n lnnthanide ele'nents by tho ; .

crter hhc oud of bombardmcnt, the samplcc wero dissolved and. prooccccd T

chemically yield rare-oarth frcotions by the suocoscivc precipi.bation :

precinitation of lant}mnum(III) i'rom 3 K HYO 5.7 1 HESIF, solution, () -

: Such preclpil.ctos are )cnown tc ccrry 90 percent of rare-earth nctiviticc -

nnd only 10 to 30 pcrcent of acbinido aobivi’ciea. /Recovory of the .

/

aotinidea (in this caco americium) was eff'ootod by the addition of BN

D!

under "hece oonditionc ccrriea thc transplutonium aotivities._» Cyolec, ’

‘voycle was "hab expected ot‘ americium isotopec. 3‘ )

Yow,

s

g cuch ac thic were ropcnted until the aotivity had & constant oonpccition e

N
Tt

with rncpcct to all types of radiaticn and until ‘the chcmiocl viold nor L

LN

. *
i

Decav meaaurements were,madc under fcur sets cf counting conditiona,

N

usine' a *hin window (ca. 8 mp.cm.\ -2 mica)lceieer tube dcteo’cor: .

(1) 7 mg.cm. ) aluminmn filter, to prevent tha datec’cion of alpha
: paniclec. . ‘, ; o . ';‘.{ e | '

(2) 1500 mg;.cme bervllium t‘ilter, to. allow pasaaga of moct
) ,1 N

clootrompnetic radiation. but stop 511 oxoopt the mont onorgetic

- . N

[
0
y
l
v

betc pcrt_iolcc.

[ . ~g-«~,aaw

-“’"'x\,‘

L L .

i were placcd m the tarret chmnber of' the cyclotron in cuoh a way as to I B

. cui‘ficient o-mccntratcd HF to precipitata thc remininp lanthcnum whioh i :

PN
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f('s‘)-i"- 1500 ﬁg;&. beryluum '+ 160 mz.om.” md"combmoa t‘ilter.

o y
> r e "° d“b"’t Cleotmmpnptio radiation of pre_'ber than about 200
. kev energy. but not thnt oi‘ lees tlun about 200 kev oner?'y. IRE

>‘._&: . SR

(4) s*e.dﬁ.f" ead. t‘llter, & prescnt detection or wilwae T
yRe enerfetio n*u;n ndiatian. B PR
'!he dif‘forenoo 1n 1ntenaity obeemd under condi tion (2) and’ (5). the l
'- .' "dit‘.‘;’erenl:ial oount" ivaa a. masnro of tho low aner(y eleotromgnotio i
radia‘b‘!au (probably x-mys)i .}__-. : T ‘ K ) R ' i
’ PN

"‘/

In r-ro-earth ac"ivities obtainod 1n tho .eheml neutron 1rradiation

E ;f :of‘ uranium or plutonium the ao‘:ivi y measurod by a "d1rferon!:.ta1 count"

1 . N B
b . N

almninum. 'nm aotivity obuomd 1n the raro-earth f‘ractiono o!' dcuterovx» .

AT \
bambardod l’n?'\s,9 often mvo a "differential oount" aa high aa ‘one’ peroont" T

T _' of 'che to'bnla In ronenl. thio lnoronsod to 5 - 10 peroent m thé

amerioiun I‘raotiona renulting t‘rom the fluoailicate eyolee. e f ‘ -
' 'hvo half'—life perlods. 12 hour and 60 hour, were observad in the

deoay of' *he toul ac\:ivity and the aotivil:y neasured by the ‘”dit‘ferential
7
oount" (Firuren 10 and 11) Onlv ‘:he 50 hour period was t‘ound 1n <F1=rc._10
b . and’ 11
the decay msund witb a 5 v.om. . lead ﬁlter(Firure 12). t 0 < Fip. 12

-everal tima durinr tho docny or 1'he observed activi*iea. absorption -

.

B ml m N bR

duo to eaoh aotivity. Measuremnts of' the eloctromgnetio mdintions ",

P

T data mre hakan in’ order to identify and characeeriu t-\e radiation. T I T

wero mde with a 1500 mg.om. _ berynium -‘ilter, o ol.tminate the beh . | e
, or. eleotron uotivity. ‘ Ebampl;s of 'tho. daba. ft;l‘ the Bo-hour aotivity \1
‘ are- shm in l"i(ures 13 to 15 (hkep aﬂ'.er oorplete dooay ot the 12 <l’1ga. 13,
N hour aotiﬁty). tnd for the 12 houn activﬂ)’. 1n Fivurea 16 to 18 2 <F1§;’: ;E. , L
(af'ter lubtraothn of tho radiations duc to the 50—hour aotivity). v
» :" e ﬂ N Co y | | -t e
ST s D et




TJ:!“.

me onrves wero quite oomplex and the maolu-hions can only bo nppmximte,

npachny 1n thc oase of‘ bha 12-»hour lotivity. ‘ However. the electromgnetio

- "ndintiom -ol‘ eaoh or the aotiﬂtin oorrupond‘,rather cloaoly to tho

i

( f- expooad I.. and K x—ndiation ot plutonium. withv -omo udditianal gam

[

7,

ndhtion. "'ha elootron nctivitiu 1n caoh of‘ thu 1sotopos are- beat
c:phined u due to inbaml convouion of the gam ray:. an:l tho ru—

pective onorriea am oonaia eni: with th:ls interprebation. Relativo

intexuitin are’ limitod in their tocumoy 'bo that of' the vnlun of tho . o L

couneinr ofﬂcicnoy for uoh of tbo oomponenta. Theso nlun are not -

too wall lmown t‘or l.ow enerry eleotro'naruetio radiation.: Tha results ;:_‘

, L

obtained from coveral bombardmanta are riven 1n Tablo\ 1. . . ('l‘able 1 -

Meaauramnts or the‘ eleotron oomponent:s waro made usinp a otronv.

A.)'
‘\-~

varia.ble mavnetio fiold to onable datomination of' valuea of H,... ?ho_’;f. -

devioo used ml desimd" for hirh p'eometry and consequontly the reeolution

A

of the ~12 hour 1sotope waa that oharaoteriatic of monoenerfetio eleotror.a

or o.. 200 kev averag/e enorpy. nll oi‘ bhe samplea meaaured, the E
Loxt . -('}!1'_
1 201 3 Mev eloctrom were j\xst de‘booeable ovnr the counter baokground,

heuoo oould not ‘be: studied with any dogroe oi‘ aceuro.oy with the magnetio -

N

devioo. e g e AT

. S R . . .

/

Alpha partiolo decay moasuremmta ahowed the presenco of an o.lpha

per orbitu‘ eloctron capture) was found to ba,

3 to ‘a, partial nlpha hau'-nf-e ot‘ on.: soo days.‘ The alpha. aotivity waa

- .-

ulwayo preaent 113 low htenaity 1n the obsemd savnples and no- onergy

, dohminationa wero mdoo, . » R

7
TN

.'\L

wae poor. Bowever. 'che diatribution observed \f‘or the low energy eleotrona

activity oi‘ 12~hour half—life. B The branchinr ratio (nlpha disintegmtions SR
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" . B. Helium ion Bombu'-dmnt\or' 52T, e
7. ) ! ’

IR T ‘hmplu of lp ware pmparod and bombard-'\anta were carriod out in .

/

a mnn-r ar.nlogouu to tha mothods of Soot:lon IV-A .for douteron bombardments
- c ’ ) of Pu289 .The uotivnbed samples- were chemi.onlly proeessed in the same’ wuy
and f’ractions similar to thaso :ln tho previous part were obmined.
Avalysis of the nd:lationa rrom amrioi\m aamplee roaulted 1n deoay nnd ab-’
- aorption data which providad ‘mplc av!donco for the prnenoe of lz-hour and )
| _GOfl;ou; aotivities wiﬂ_m the samo ngolnr proporties—- a8 'bet‘ore.: ‘mo pouible‘

pfoducta of the helium jon bomb;rdpent of Np“?_are juét those expsctad in

B

] the deuterdn‘bdmbatdment of Pu259. since the ssme compound nwoleus is form-

ed 1n eaoh cnao. - _A r

-

b e ‘ In oomparable bombnrdmenta. the relnhivo yield of the 12-houx- 1sotopa ‘

oompared to the SO-hour iao‘bopo was aomvhat higher i'or the oase of heuum

- " ons on Hp 37. The- kinétic energy of the halium iona was reduoed t‘rom 38

T Mav to 32 Mev in one. oaae with & consequent ohnnga in relativo yield. ‘

These. raaultl and 'cho oorresponding results from ‘the Pu 239

~

- _deut_eron. experi-

ments are dhcunod in Section IV-D. : : ‘ ) o ,

e Helimn ton Bombardnont of Pn 59

‘In the helium 1on bombardment of P39 | (6) the partioio\and éleot‘ro?

K - ,mgnotio mdintiom of the 60-hour activity could bo observed in thes com-
AL . ..'Iiined amoriclgm-ourium fnotion and 1n the nnerioium fraotion nftor soparaf
tion of the nmoricitm end curium by means of their aelectivo olution from .

. rnin (Dowox 50) adsorption colum with amonium oitra‘bo solution. Tho

12-hour uotivity my won ‘have been prosent initially but the t:lm involvod

yin this nopaution wn uo long that none remmined after the aoparation. '
. '!he fomtion ‘of the so-hour aotivity may havo been dus to nny or'all ot'

- .' fl"ﬂxo following meohanims ' ' T RN
./ \

12-300-pl8-bu | ' R ‘ ' Co
-y . . . o . . . o N ‘ . “
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Q1) Dautcron contaxmlmtion o£' the ion bonm.

239

AECD - 2185

(d sn)A

238

@) Puzse (a pin)mzsa | L
238 o S .

239 38 (P
,(3) Pu (a,Sn) PR IS
' \ .hort ‘ ',‘ . ‘ 7 ‘ , X ' A -
D. Mass Aniﬁmnentaa - /‘.‘ . _ B S
i rhe hotopaa or amerioium discuued in the provious parts or this |

“ctton ahould. on the buia of‘ their mathod of t‘om‘aion, have mss nume - o

. -ben in the rlmge from 231 to 240. There 13 no genetic relationship

bemon the two as mirht have been pouibla since the 12-hour aot:hrity

/

: oould dooay by icomerio tnnaition. It’ ‘the 50-hour notivi‘by wore produead

be decay or the 12-hour 1aotope. the logarithmio deoay ot’ the gamma '

\ / 4

‘uetivity, chovm 1n Fipure 12,\ would not bo obaemd. but mther the ourva

. \

.‘would bo oonvex due to the auperposition of a 12-—hour growth component I‘or

tho 50-hour nctivity upon the decay of the 1n1tia1 1ndependent1y formed
: 50—nour aoﬁvityo T _ S
l Naptnnium and plubonium fruotions were ramovvd from portiona of tho

39

,nmericinm frlctions from the deuteron bombnrdment of Pu A after ullowing

time for the p;rowth of daughter uotivitiu.v 'me me'choda werc aenaitivo
‘enough to have" demtcd szas (17 hour; beh partiolo omisaion) as the
'daugh'cor of the 12-hour alph; aotivitv M' the lutbar were due to Am
but. it has not boen observod. E The only othor daughter 1sotope capa.blo of .
: boing tormed with aufricient yield %o be detechad as & reuult of growth
238 (ol. 80 year~ alpha particle N

'lhenmountsot‘thia‘ R

' from tha amrioium activitiea. 13 Pu

38

‘ amimion) ir- formod t‘rom Am by elaotron captun. _

‘ ".'uotopo oxpeotod t‘rom the most mdioactivo eamples o!‘ anericium obtainod

were Juat on the li.mit oi‘ deteotion nnd poaitive evidence ot’ ita I‘ormntion -

is laoking. , ' .
A quantihtive ovnluation of rela'hive yields of dit’ferent 1aotopea

u a funotion of bombardment energy my ofton givo an- 1dea of ‘their ma se

‘
122300-pl9~bu _
ot g’m-m’ ; - Am———

——




luirnments espeoiany 1f tho mso numbor ot one of the isotopn il knoum. o ‘
In this case both are unknotm Sinoe the: half-livas ot‘ ‘the 1sotopas are . S
' diftorent, the caloulation must bo baaed upom an accurato knowladge of ! o
A ‘the ovolotron boom mtensiw at each timo 1n the bombardment. i1 the
latt:er 13 longor than, or companble to, "the hau‘-livu of ‘the isotopes. "

The ‘beam :lntensity may, 1n soma oasea, vnry wldely from timo to time, mking )
/ . X - L . .\"

smmnation methods neoasearya o, TP

\

The number of‘ atoms oi’ a given isotope formd dur‘lng a bombardment

) ' . interval 4s givon ‘oy o » : V

4 f“ ~vff ¥ mf¢> u;o)ﬁ C BN  |\ ﬂ;h

in whioh N is equal %o 'bho monbor oi‘ a‘tons formed- No» the number of target - .

_ atoma per unit nraa; 0', the oross aeotion for the roaction 1nvolvod; )\ s
: '/'.‘ the decay oonatant ol‘ the produot nuclous; ({’ the 1ntenaity of incident :

partiole-; and t, tho longth ot‘ the bombardment intu-val.\ Ir obaemtion's B -

are. made at a- timc, t". at‘bor the end of the bombardmont 1nterva1 the

B - ~ N . {

o equntion must be modif’ied: . ‘

. Now, the number of disintogrations of ’the produot nucleus, A ie relatod o
n _to tha number of atoma, N, by the constant of' proportiomlity. .
.A'; nwu e
r. a eiven bombardnent be considersd as al s\eries of intomla 1n uch of" -
" whioh the 1ntensity te relatively oons'banir e ;
| ' H§i¢ a- ..)\t )o.l\t" . L g -
[ whore ‘t“ is the time t‘rom the end of each bombardmenf intarvol to tho - o
ond of' the total bombardment (or to any other time of obsemtion deaired)
.\ It followa that the ratio of aotivitiea due to :lsotopee "a” and "b" 1a~ Cad R

. R, -, <. i . . . ! .
: ..
o N i
- ' A pocm——
. * - . N . . . B =y

T 12-300-p20-bu .,
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- end 32 uov heuum iou bomberdments of Np237 (‘hble z)

qu:lte large .

b19o ’

IR

l(. '.:.Jc

.‘(fa' 2 n(l .A‘tn) "\at' -
G‘b g s .

Ty Zt T S

oy
Lo
Any observable qmntit-y. M

which 13 proportionel to the true rabe of
diaineegretiens through a: oonetent, k, my be uced in oompeting t.he rela-
tive eron seotiona f'or the twe ronotiona. the only nodit‘ieation being o

the 1ntroduotion of a eonetant. ,K. 1nto the obaemd ntiea
‘.‘ Kah's -
A%y

By ueinr the counting ratee ebsemd 1n the difrereutiel meﬂxod

d"!y and 1 A'ask'b 6‘&‘23 ﬂ'llf'. :

Bt ST T

: deseribed 1n Sectien IV-A, which are closelv releted to the x-udiation

fai
from eaoh iso‘bope, velues of '--—-—l—g-—h—?—“-l-'-l have been o’bte.ined for 19 Mev. ,

R \A' 80~ hpur) C s
18 !Jev and 13 Mev. deuteron bombardments of Pu » a8’ well a8 for 38 lMev’

The eerrespond-

{Table 2

.'mg valueeﬂof Y ‘then emble the oaloulation ot‘ K

{

partiole and energy to be made. S

£12 Hour)
(50 hour |

for each

i

From these dau oerhin fe.ote beeome epparent:

(1) the yield of the

12-heur 1eotope 1nerenee relative to ‘the Eo-hour ieotope with deereese in

kinetie energy of the ineident partiele. whether helium 1one or deuterone o

" are ooneidered, (2) the variation 1n reletive yielde 13 not ea greet ee

i

[

18 normlly expeeted fer the re:etien (a.n) or (a.4n). eompared to (a.Sn)

or (u. 2n)(or, eimilerly. for tbe (d,n) or (d.4n) rotctiona. compared te

b

to be greeﬁer then that of 50-hour activity, aince K is probably not very

far from ‘unity and tor 36 "ev helium 1ons the vnlue of x A2 nour)
. 50 hourj

At 58 Bbv the (a.Zn) and (c.Sn) reactione are lmovm to be’

fa-

.

predominant (similarly, the (d 2n) and (d Sn) reections et 19 Msv). and

vx‘\'|

et 13 Mev “the: (d.4n) reeetion 1s. expec*bed to he,ve a very law yield. b lhn

eeeigmnonts which are entirely eonsietent with the obaerved data area

~ N - [ . Y PO

S
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«Ralativc Yiolda -of Americium Activits.ea
' in Ch-rgod Pnrticle Bombardments:

Proiootile )

~

‘A' 12 hour

Kinetic Energy - Y_ l-\A? 50 hour
88 Mov . 2.94 11.72
32 Mov. " 8.7¢  .21.80°
19 v “1.19 © 0.95
16 Yev 2.41 - 2.67
18 Mev 2.83 5.48
e » N
¢ - ‘

AECD - 2185
"9 12 hour
‘J §0 hour !
\‘ ">
4.0

6.8

1.1

1.2
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239

(n) Am .- for. tha 50-hour isotopo and (b) am™™7, for the 12-hour isotope.

pe

Anothor faot emorging from the data of hble 2 is that tho compound

- nuolous in the by 13um ion’ bombnrdment of Np is dit‘ferent in some ° ' -

9

reapoot tnom that fomed in the deuteron bcmbardment of‘ Pna3 . 1r thol

’ oxpected exoitation onergy 13 oorre.,ted for the differenoo in binding S
, energio- por partiole in the helium nuoloua and the deutoron, the oompound

nuclaus fbrmpd in tho 32 va helium jon bonbnrdment should correspond

\

nthor olosely to thnt in tho 19 Mav deutoron bombnrdment. The relativv

N
“

yiolds 1n the two cases are more different than any of those observad with
a wido vnriation .’m kinetio enargy of oitber perticle. Thia may be due in

part %o large difforenoes in binding energ:y of the nucloons or d1fferencea

in nnrular momentum of Np 37, relativo ta Pu y and/or the failure of the

’

oompound nuoloi to achieve unii‘om distribution of tha excitation enorgyo

) We wish to thank Profesaor J. G. Hamilton. ‘h-. 1. L. Putnam and

.- their uacciatn in the Croeker Radintion laboratory for, th -*r cooperation '
“dn providing bombardnenta with tho 60-inch ovelotron. M, Albert ‘Ghiorso .
; and “'r. S G.,’.o'.'hompson participated in many oi‘ the experinenta._ The |

- cooperntion of the zroups at the Clintonf IAboratorioa and the ﬂant‘ord

L

Enrineer Worka in makinr ‘the neutron irmdiations is also rratefully -

aclmowledged. IR S g\_

. - . ~.. . . . - [S
e e j . . .

) This ‘paper is baaed on work perfomed uude uontract No. W-7405-en5-48

with the Atomic E.hergy Comisaion in oonnection with the }hdiation Lnbom-

\

tory. University of Californit. and under Contract No. "&-7401-eng-37 with

the- !unhattan Eorinceriny Dictriot in C:mnection with the ‘Ietallurgioal

Laboratory. University of Chicam. o ' L .
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