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neutron Defid.ent Isotopes of B."odinm. and Palladium

Hanfred Lindner and 1. Perlman

Radiation Laboratory and Department of Chemistr;)r
Universitjr of Cal:i.fornia, Berkeley, Ca1iforn:i.a

ABSTRACT

A <i-hour palladium activit;)r assigned to mass 101 and 4.0 daJr

activitJr assicued to mass 100 have been identified.

Contract l~o. W-7405-eng-48

To be published as a letter to the Editor of Physical ~~
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Neutron Deficient Isotopes of Phodium and P011ad~~;~

.. '-1

H"nfred T; n'~ neJ~ a:·lo. I. Pe'r_l':'an )- .~",J:.?~.;>!....:..bc 'i:T ~'"• ·,.c.. J.J •.•• '-- • • '.1 'V." l'~ II I 1\

(/ <;:t~7·(~>1,",. .,
Radiation Laboratory arid Dc·:-:artment· of Chemistr:>,..! '. .

University of California, Der'.:eJ.ey, California

As a part of an investi~;ation being carried out on th~ nuclear reactic:ns

reslutinq, from the irradiation of antimony with high energJr particles (200

trev de11terons) it beoane of 1.nterest to examine the products some 20 MSB

units belorr the target nucleus, that is, around mass number 100. Tl'5.n region

COVel'S he~v:>r isotopes of Ho and Tc, stable isotopes of TIn and li:;ht isotopes of

Rh and Pd. It nas not possible to isolate chemically the r~.J.oc1.ium fraction from

the com111ex mixture of reaction l)roducts but the palladium fraction coulC!. be

pnrified in good Jrield. The decay curve was too conple:{ to resolve accuratel:>r

8.S it proved to consist of at least s~"x different palladium activities and a

similar number, of daWshter activities crm7in~; in with a cons::.derable spread of

half-lives. By periodically isolatinc; from t!18 }Jc111acFum the silver and rhodium

daughters a cons:Lde:"ably better picture of the species present could be obtained.

For example, silver fractions removed at 5.nterva1s proved the presence of pal­

ladinm n- ... emitters as part of the followinG isobar w.:i.rs~ 13 hr Pdl09 ...

40 A.;J.09;c 26 .. T)dl1l 7 5 ' AlII 112 .,.l12sec t;, ,~mln L .... a g , 21 fIr Pd- - 3.2 hr At:.> • In

similar manner the presence of two new neutron c1eficie'1t isotopes of palladium

was deduced by removin r · rhoc'j.um daughters pAriodicaEy.

cou.ld be resolved :i.nto half-life Deriods su(';'rtestivG of
.I. . l.JW

L:' ,s1J.lliVan~ S}.eiE511t and Glaci.row(l) uS 21-hr Rh100 and

The rhodium so obtained

two activities reported

101
5. S...day R~.1 • These

Dccivities were formed fron palladium at rates corresponding to half ...lives of

,,·...i l days for the parent of Rh100 and ,.",10 hrs for t).e pal~ent of Rh101•

In order to ~letter characterize these isotopes te:1tat:l.vely assigned to

hi
l01

and Pd100 they were prepared :tn another manner. It was estimated that

51)-~~ev deuterons on rhodium (Rh10J ) sho1'ld promote (c1,1;,1'1) and (d,5n) reactions
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n 100
~,u

19.4 hr
}

4.3 d~y
/

RhlOO

-4-

9 hr
~

4.0 daJ)

9 hr_Pd10l From the ratio of x-rays to positrons it was estimated

A thin rhodium metal foil was bombarded with 50-Mev deuterons in,the

in good yield and minimize the yield of Pdl03 (d, 2n reaction). Further­

99more Pd would probably have a half-life too short to interfere with the

98measurements and Pd could probably not be reached at this energy. The

palladium ~- - emitters could, of course. not be made by irradiating rhodium,

The palladium fraction proved to contain the activities that were sought

acid solution.

and the resolution into the components was accomplished by methods described

and since the present measurements are not in disagreement with the isotopic

assignments made by them. the decay chains may be summarized:

days and 17 days. Rhodium which was removed from the palladium showed a

that this isotope decays -9010 by orbital electron capture and ~1010 by

below. The palladium contained three activities. of half-lives 9 hrs. 4.0

low resolution beta ray spectrometer. No e1ectf·ons or V-rays were seen. The·

hours. The positron decay was measured directlY,using the spectrometer, the

half-life as determined in three different ways gave values from 8 to 10

184" cyclotron, the rhodium was dissolved by KHS04 fusion and the palladium.

fraction was removed by precipitating palladium dimethylglyoxime from slightly

positron emission. The positron en8rgy was measured as 2.3!O.2 M8V with a

4.3 day period which is the daughter of 9-hr Pd and a 19.4 hr-Rh daughter

. 103* 103of the 4.0-day·Pd. The 57 mln Rh daughter of 17-day-Pd was not

observed because )f the low yield of Pdl03 and the unfavorable conditions

for dotection. Since the rhodium isotopes are probably the same as those

reported by Sullivan. Sleight, and Gladrow(l) from deuterons on ruthenium

d8cay was determined indirectly by the rate of decrease in amount of 4.3

day_RhlOl which grew into the palladium fraction, and the x-ray decay curve
showed this component when corrected for the

-~
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growth of 19.1.,. hI' HhlOO•

4.0 d8:X- PdlO~ After the decay of ? hr ..Pd10l , the half-life for PdlOO was

determined by removins t'1e rhod:1ruYl :1.sotopes wh:'.ch had grorm and following the de­

cay after the 19.4-h1' Hh
lOO

a::;a:l-n came to e'''1·il:Lbr:t.um. Absorption data taken

soon after rhodium removal Sh017Cd no 8,'J'Jreciable D.not.mt of electrons. In the

electromagnetic radiation 1'1ere fO'L1nd x-raJrs c!1aracteristic of the re~;ion, a

hard ganma-ra·,' of about 1.(''; T1ev (lead absorbers) and a soft p;anr1a-ray of 90 Kev

(180.e':, aluminum and silver'3bsorbers). This isotone ap''')ar~nt1"T decays ent5-re1~T

b:.r orbit,a1 electron cantnre.

L~ •.3.l':?y-mt~: Hhodium removed from 1!alladium contained only the 4.3-day­

:8,h
lO1

after the 19.4 hr RhlOO had deC8?ed. Usinr; lead absorbers a 0.35 ITev

Gamma-ra~," was detected as VTere :~ x-rays charact()r:~.stic of the rhoc1itm ree;ion.

L1easurement with the spectrometer showed. no positrons but a line of electrons

were observed r1hich cou..Jd have arisen fron K-shell conversion of the 0.35 Hev

gamma-ray. If so, the neasUJ:' eel, abundance of electrons bc1icated ,,",10% conversion.

12,.4 hr-Rh100 This rhodh1.1T! isoto:Je c0uJ.d be removed fron the 1)allodiu.m frac­

tion which had been purifiod f011017;,n::- the decay of 9 hr_PdlOl • Positrons of

3.0 Hev and c onvers 5,on electrons of 0.6 rIev 17ej~O c1etorn:i_ned rrith the s"Joct.ro-

meter. Lead absorption curves ta~:en on san:)les in which the electrons and :)osi-

trons 'Flore ta~wn out ":it]l boryllicoI'1 Sh0'.70c1 c:18racteristj.c x-rays fc'nd a 1.2 ':ev

y-raJT. In cor:narinc the ~Tield of Dos:i.trons and x-rays, it was estimated that the

decay 'lroceods , ......5% by ')ositron branchin" and ·-95% by orbital electron capture.

Gar..1f:1a-rays correspond:tlY" to the 0.6 r:lev electron as 17011 as annih:Uation radia-

Cross-soctions for the f'ornation of t'e8 pallae~iun isotopes from r'loc'.ium "~ith

50-:Iov deuterons could only be np:)rox:'.l".:::t,ed princ 1.1Ja11;)' because of uncertainties

in tho deuteron bean s trongth and ~.n the taI''jot~eometr3rwith undeflec ted 1)ean.

Values are based on ~rields of :~-ra~TS and relativo to e8c~1 othor are probably

considerably more j.'eliable· than the absolute va1uos.
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)-(cm2 JJ2RL - 48
kqo.~ E~~ion x 10'-2

Pell03 (17-day) o.,2n 0,0024

Po.101 (9-hr ) d,L;.n 0.2L~

?d1OO
(~.• O-da;r ) C.,5n O.2'j

The cooperation of Dr. Duane 80':1011, fIr. J. T. Vale and the lG4-incll"~ .
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Tllis 1')a 'Jor is based on wor!~ :;erformod under Contrac t ;'Tmnbcr r: -7405-on[;-48
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of tho Univc:rsity of Cal:tfornia, Ber'coley, California.
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