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Heutron Deficient Igotopes of Rhodium and Palladium

Manfred Lindner and I. Perlman e
Radiation Laboratory and Denartment of Chemistry
University of California, Berkeley, California
ABSTRACT
A Q-hour palladium activity assizned to mass 101 and 4.0 day

activity assizned to mass 100 have heen identified,
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Heutron Deficient Isotopes of Phodium and Pa llgd"ﬂﬁgq
Manfred Lindner and I, Perlman 174 Z'N >
Radiation Laboratory and Derartment of Chemistry-
niversity of California, Berkeley, California
As & parf of an investi~ation being carried out on the nuclear reactions
resulting from the irradiation of antimony with high energy particles (200
Mev denterons) it becane of interest to examine the products some 20 mass
units below the target nucleus, that is, around mass number 100, This region
covers heavy isotopes of lo and Te, stable isotopes of Ru and lisht isotopes of
Rh and Pd., It was not possible to isolate chenmically the rhodium fraction from
the comnlex mixture of reaction nroducts but the palladium fraction could be
purified in good yield. The decay curve was too complex to resolve accurately
as it proved to éonsist of at least six different malladium activities and a
similar number of dauzhter activities ~rowin~ in with a considerable snread of
half-lives, By neriodically isolating from the palladium the silver and rhodium
daughters a considerably hetler picture of the species present could be obt alned
For example, silver fractions removed at intervals proved the unresence of pal-
ladivm R™ ~ emitters as part of the following isobar pairs: 13 hr Pd109
40 sec Az79%) 26 min Pa™t - 7.5 a4 AgTE. 21 np PaRRR - 3.2 hr Agllz. Tn
similar manner the presence of two new neutron deficieat isotopes of palladium
was deduced by removinc rhodium daughters periodically, The rhodium so obtained
could be rosolved into half-life neriods suvwestlvn of two activities reported

e og

I Sullivan, Sleight and Glacdrow as 21-hy Rpt00 and 5.9-day Rthl. hese

activities were formed from palladium at rates correspondinz to half-lives of
.10
~4, days for the parent of 00 and ~.10 hrs for the pareat of Rh101,

In order to hetter characterize these isotopes tentatively assigned to

pat0l and PgL00 they were prepared in another manner, It was estimated that

103)

50-Mev deuterons on rhodium (Rh shorld promote (d,4n) and (d,5n) reactions
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in good yield and minimize the yield of Pdlo5 (d, 2n reaction). Further-
more Pd99 would probably have & half-life too short to interfere with the
measurements eand Pd98 could probably not be reached at this energys. The
palladium B— ~ emitters could, of course, not be made by irradiating rhodium,

A thin rhodium metal foil was bombarded with 50-Mev deuterons in-the |
184" cyclotron, the rhodium was dissolved by KHSO4 fusion and the palladium
frection was removed by precipitating palladium dimethylglyoxime from slightly
acid solution. |

The palladium fraction proved to contain the activities that were sought
and the resdvlubtion into the components was saccomplished by methods described
below. The palladium contained three activities, of half-lives 9 hrs, 4.0
days and 17 ddys. Rhodium which was removed from the palladium showed a
4.3 day period which is the daughter of 9-hr Pd and a 19,4 hr-Rh daughter

103

of theé 4.0-dey Pd. The 57 min Rh' °" daughter of 17-day-Pa % was not

103 and the unfavorable conditions

observed because > the low yisld of Pd
for dotection. Since the rhodium isotopes are probably the seme as those
reported by Sulliven, Sleight, and Gladrow(l) from deuterons on ruthenium

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

assignments made by them, the decay chains mey be summarized:

Plel 9 hr N Rthl 443 d%y Ru101
PleO 4,0 day RthOv‘19.4 hr Ru100

9 hr-palll

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

that this isotope decays ~90% by orbital electron capture and ~~10% by
positron emission. The positron energy was mesassured as 2;339.2 Mev with e
low resolution beta ray spectrometer., No e¢lectrons or yerays were seen, The-
helf-life as determined in three different ways gave values from 8lto 10
hourse The positron decay was measured directly using the spectrometer; the -
decay was determined indirectly by the rate of decrecase in amount of 4.3

rn101

day- which grew into the pelladium fraction, and the x-ray decay curve

showsd this component when corrected for the
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growth of 19./4 hr Rnt00,

100

4.0 day- Pd pgl-OL

After the decay of 9 hrel s

the half-life for Pa 0 was
detérmined by removinz the riodium isotopes which had grovm and following the de-
cay after the 19,4-hr RthO acain came to e~vilibrium, Absorntion dgta taken
soon after rhodium removal showed no amreclable amount of electrons,; In the
electromagnetic radiation were found x-ravs characteristic of the resion, a

hard gamma-raw of about 1,7 lev (lead.absorbers) and a soft gmanma-rar of 90 Kev
(leac, aluminum and silver absorbers), This isotope aprarentlr decays entirely
b orbital electron canture,

101

4e3 Cay-Rh Rhodinm removed from nalladium contained only the 4.3-day-

Rthl after the 19,4 hr RthO had decaved, Usinz lead absorbers a 0,35 llev

gamma-fa? was detected as were [ x-rays characteristic of the rhodium region,
leasurement with the spectrometer showed no vositrons hut a line of clectrons
were obsgerved vhich conld have arisen from X-shell conversion of the 0,35 llev

gamma-ray. If so, the neasured abundance of electrons indicated ~10% conversion,

19.4 hr-RE100  Thig rhodium isotone could be removed from the malladium frac-

tion which had been purified followin~ the decay of 9 hr-Pd101. Positrons of

3.0 Ilev and conversion electrons of 0,56 'lev were determined with the snectro-

meter., Lead absorntion curves talten on samdles in which the electrons and nosi-
trons'were taken out with bervllinm showed characteristic x-rays and a 1,2 "lev
yray. In commaring the vield of nositrons and x-rays, it was estimated that the
decay roceeds ~5% by wositron brgnchin~ and -95% by orbital electron capture.
Garma-rays correspondin~ to the 0,6 llev electron as well as annihilation radia-
tion were amnarcontly in too low ahmcance tn be scen reacdily,

Cross-sections for the formation of +he pallacdiun isotones from rhodium with
50-llev deuterons could only be apnroximoted princinally becavse of uncertaintigs
in the deuteron beam strength and in the tarzet seometry with undellected hean,
Values are based on wields of x-ravs and relative tg each other are probably

considerably more reliable than the absolute wvalues,
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Product Peaction s {en® x 10&121;&48
pat03  (17-day) d,7n 0.0024

PatOl (9-hr ) d,4n 0.24

2al® (4, 0-day) | 2,50 0.2%

The cooperation of Dr, Duane Sewell, !, J. T. Vale and the 104~inchs .
cyclotron ~roup is sratefully aclinowledged,
This maner is based on work nerformed under Contract Mumber -7405-ens-430

with the Atomic Energy Commission in connection with the Radiation Laboratory

of the University of California, Berkeley, California,
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