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t'c}·,L- 2653 

Several new isotc;>pef! of curium1 berkelium, s.nd californium have ' 

been produced by cha~ged particle bombe.rdments of pile. proa.Uc~· 

tr~r).splutanium isotopes, and their nuclear properties ,atud.ied.~ . Tl:lE~· 

chemical procedures and counting met~ used were eseentiall.Y: ]t~e , · 

same as those used in prior work ot'this M.ture at Berkeley.l,li ~. ··; 
4 . .. . . .. .· .. 

The existence of' em
2 5 wa~. first proved by mass spectrographic ' 

a.nalys1s3 of samples. of curium subjected to lon$ ne~tron 'irradi~tions . 

in the Chalk River reactOr.. However~ the eiectron capture dec~y qf 

Bk
24

5, produced by heli~ ion bombardment of em242, res~ts iri the .. 
·. . . . . . . .. ·. . 24 
formation of pure but small s~le·s of .Cm 5. This nuclide: was found . r . ~ 

to decay by emitting ~pba parti:le~ of 5.36.,t o.o$. Mev as measured· 
4 . . . . ··. . 

by alpha particle pulse height Sna.l.y$is. . The ~r~ mea$Ured Pr<?bS.biy i 
. . . .. ' ,· :' ... 241 ·. 

does not represent the. transition to t}\~ ground s1;.&te of .Am , bu:t 
. >' 

higher enerBY alpha particle groups were undetec-ted.. in the sa.mpl~s of 

such low counting rates. The best approxtmati~n tor tbe half-life of 

em245 is 001000 years. ·This value is ba.s~d on th~ c9Urtting of K and 

L x•rays a.risi~ from orbital electron ca.p~e by Blt
245" the use of 

• ~ • • -. ' • • < 

approximate Auger co~version factors, 5 ,b. and :the mea.s\U'e~t of ;th~ 
~lpha disi11tegration rate of the daughter. ·Elution of 1;Jle materia.i ~ !' 

. . . . . . . . . . : .. 342 •• 
emitting 5.36 Mev alpha. particles in the curium position (with Cm .) 

~ i. 

from a cation exchange column with buffered ammoni\~nLcitrate eluant 
' . ; . . -~ - . 

proved that this ne'w alpha. particle emitter is ~an isotope of ·curi\Url.. 
. ;.. ' 
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. . ·. . ·. . 248 . .·· 
A previously unknown isotope of californium,· Cf · 1 . wa.~ made by 

helium ion bombardlaent of curium containing a smll percentage of·. 

cm245 .3 This iao~ope. decays by .emis.sion o:f' 6.26 t o.o) Mev. a~pha 
,.,·. 

particles with a half-life of 250 :t 20 days. Decay of the alpha 

· radioactivity of the •above energy. was f'ollowed through .twO bait ... 
. . . . . . . . 

live.s. A spontaneous fbsion hal.f•life of about7000 years ws.·aJ.so 

measured, but ·this value is re.-t;.her uncertain because of ··the extremeiy 
. ·. 

·slow sponte.neoti.s fiss~on rate of the sample •. · Obsetvatidn ;of t~e. 

gro'Wth of the 5.8o Mev ~phe..particles of ~244 in the above sample·· 
. . 248' 

proved the mass assignment ·Of the Cf • 
.... 

The· boni.ba.rdm.ent of various mixtures of Am241 .and Am
243 vith 27 

Mev .helium ions is believed to have produceu a 1.8 day electron 
. . . . . . 246 

capture isotope of 'berkelium which is tenta.ti vely assigned to :6k • 

The L8 d.By period -was observed :in the b'erk~lium fraction from three 

different bomb~d:ments. A different chemical separation procedUre was 

used in each case. This intermediate period was ·res.olved from the 4.5 
. . 243 ( . 244) . . ,: . . 245 . .' . ·. . .·· . 

hour Bk - and Bk.· end the •;<.95 de;y .Bk .·.· periods after, following 

the decay in a windowless proportional: counter. Arl;• 82o ± io kev·· ~·· 

ray decaying with a l. T day haJ.f-l.ife was observed~n the· berkelium 

fr~tion using a. sodium todid.e orysta.l scintillation counter 'connected 
,· . ; • .. 

to a 50•cbannel pulse hei~t a.na.lyzer .1 . It appeared f.hat betwee~ 20 . 

. 246 - ·. . . . . 
and 50 percent of the Bk · electron capturEf disintegrations passed 

.. ·. .·. . 46 . ' .. · . 
through this eao kev excited.·sta.te of em2 ·. ba..E,led on the total. d.~sinte.:.. 

gration rat~ from the estimated counting yield of the windowless': 

proportional ~ounter and the best vs.lue8' 9 for the photoele~tric.yield 
from the sodium iodide crystaL K x•rays resulting from the berkelium 
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decay were followed for decay with the sodium iodide· scintillation 
. . . 

coWlU;!r and the L x-rays with a small xenon-filled proportional ' . . . .· 

counter (90 plercen.t xenon and 10 percent methane, at i atm) connected 
' . .· ·. __ ··. : 246 .. · . 

to the 50-channel pulse height a.na~yzer. ~e approxima.te Bk . decay 

period- could be reeol ved from the 4. 95 day component in both the K. _ · 

and L x-ray decay curves. A total disintegration ~ergy or ai>p:roxi· 

mately 1.4 Mev i~, estimated from energy balances within closed dec~y 

cycles10 
to be available for orbital electron capture by :Bk246 ~ 'lh~ 

half .. life thO~ght to be ass~ciated with ~k246 seems :reasonable :f'qr. 

either e. highiy forbidden ~d state transition.or if a large.-­

percentage .of the disintegre.t1ons are forced to pass t.hrou8h a h.igh '· 
' ' . . 246 

energy level .of em · • · 

Helium.· ion bombal'dlD.ent of curium containing a high percentage .of 

em244 :fdll~ .by a :fast chemice.l sepa~tiQn of the ce.l.i:to~um -. · 

. :fraction resulted in the detection of. an orbital electron papture 

_··isotOpe of californium, c:t:247. · This isotope \oJas also obs'erv~d. in the · 

products· from ~ trogen ion bombardments o; u238 m~tai· :t'olls •11· · De~y 
of theK x•rays of th~s'nuclide (followed in. the pre~enee of interfering 

cr246 alpha re.di~ti v:Lt;} ¥1 th the ~boye mentioned eodi\lm iodide 
' ' . . 

crystal .scintillation- spectro~ter gave ·a. ba.J.f .. life of 2.5 h9urs. A 

robgh 3 hOur h8.lf-lif'e 'Was obtained by resolving the dec~y curve of the 
. . . . 24 : . ' 

L x•rays associated Yi~h the orbi'W-+ electron .capt-ure -of Cf 7 a.n~ the 
~I.L' - .. . C."++ 

alpha decay o:r Cf • The measured energies of the t x-ra.ys. (~ = 15.1, 

~ = 19.7, and 1
1 

• 24.1 k.ev) agr~ well with tho~e eJq>eo~ed .. :t'rom 

berkelium. No radioactivity could be detected from the da.ught~r of 

Cf247 .·· l' -a\~2.47 : 
1 nsme.y1 _,go.. • 

'·· 

...... 



.. 4 .. 

. . 

We wcmld like to acknowled:ge t!le. use of the pile facilities and 
. . 

the aid of the personnel of AtOmic Energy of Canada Limited,; Clla;l.k 

River,. Ontario, Canada, in the irradiation of americium and curium . . . -· 

samples. We also wish to ~xpresa_ our app:r-ecla.t-ion. to Pro:f'ess6r J. G. 

Hamilton,. G. B. Rossi, \4. B. Jones, and the operating em~ of th~ 

60-inch c~clotron for their special help in the oombar~rtt of ameri~ium 

and ~urium sam.Ples, and t,o Nelson B. qarden a.nd>th.e Health Ch~stry · 

group. for providing: the protective equipmen~ used· for· the. hl!nd_i.ing of 

the radioactivity involved. It is a pleasure tq ac$,nPwl_~ge _the · 

valuable aseis~e by Dr. R. W. Hoff and Mr. A~ Chetham-Strode1 ·Jr .. ; 

in some of the exper:l,.ments. It is a privilege to acknowl~ge tnat tliis · · 
·. - . ' . . .• 

work vas accomplished with the helpfUl suida.r+.ce o:t; i7ofessor . Glenn '1\ . 

seaborg. 

This work was performed under ~he ~u.spice$ of the U. S. A~c 

Energy COmmission. 

l. Thom,pson, Gbiorso, .and SeabOrm;, ··Phys. Rev. Q.Q_, 781-. (i95c) .. .··. 

2. Thompson, Street, Qbj.9rsoj and Seaborg, Plays. Rev. ~~ ~9 {~950). 

3. Mass spectrographic Eibaly$is by F. L. Reynol.d.s. 

4. Ohiorso1 Jatfey, Robinson, and' W~is.sbourd1 The Tr~u,rani'I.Un ~el'lients:. 

5. 

6. 

,· 

Research. J,lapers (l.t~r~w·.Hill Book' Co. , Inc., N~ ~ork, .).949), 

Na.tiona.l }luclea.r Energy Serie~., Plu.tonfum ProJect R~·cor4;, Vol. l~B, 

Paper No. 16.7. 

L. 8,. Germain,·· Phys. Rev .• ~~ 90 (1950);.. 
.. 

B. B. Kinsey) can.:J. Research!_, 404. (1948). 

·,.· 



.. · 

UCRL-~653 ~:. 

-5-

'·· 

7. A. Ghiorso and A •. E. Larsh, University or CalH"ornia. .Radiatipn;l 
.' . . . .. ·. ·. ., -~ 

laboratory Unclassified Report UCRL-1959 (September 25, i952). 

8. P ~ W. Maguire a.nd. G. D. 0 'Kelley, California Research and· . 

Development Corporation Report .MTA-40 '(1953) • 
. . . 

9. R. w. Hoff, Ph.D. Thesis~ University of Cal!:fo~ia RadiQ.tion 
. . 

Labora-tory Uncla.ssif"ie4 Report UCRL-Z325 (S~pt~ber 1953} • 
. · t 

10. Seabor~$ Glass, and Thoinpson, to be :published. 

11. · Ghiorso, Ross·i, Harvey, and Thompson;, Phys. ·Rev. 2.J_,, 257 (19.54). : 

.. ·. 

• . :-CJ 

. ' ~-

·, "'· 
\" ... 

,.,. 
' 

• 
'· ~ .. 

·,:· 


