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EXTENSION OF ALPHA- AND BETA-DECAY SYSTEMATICS
OF PROTACTINIUN ISOTOPES

W. Wayne Meinke and Glenn T. Seaborg DECLASSiFIED

Radiation Iaboratory and Department of Chemistry
University of California, Berkeley, California

January 30, 1950
As part of our program for obtaining data to extend the scope of

the systemntics of alphauradioactivityl and to obtain more data pertain-
ing to the energy surface in the heavy region of elements, we have made
some pertinent new measurements on protactinium isctopes.

The heaviest isotope of protactinium hitherto reported is that of
mss 234 and hence it would be of interest to know the beta-emission
properties of heavier isotopes in order to tie them in with the known
radioactive data in this general region. Since lowe-snergy deuteron bom-
bardment of U-oC might be expected to lead to 102%° ang o296 by (d,m)
and (d,a) reactions and proton bombardment to Paz35 by the (p,a) reaction,
these irradiations were made in the 60=inch cyclotron at energies of 19
and 9.5 Mev, respectively.

The protactinium was chemically separated following the bombard-
ment of natural uranium by a procedure which involved a number of manganese
dioxide cycles coupled with extractions of protactiaium from agueous into
organic solvents. The manganese dioxide cycles consisted of precipitating
this compound from the solution of uranium in nitric acid, followed by
centrifugation, dissolution of the solid with hydroxylamine solution,
dilubion, and reprecipitation. The dissolved precipitate from the last
cycle was acidified, salted with ammonium nitrate, and the protactinium
extracted with diisopropyl ketone, several washings with salted solutions
being made to insure good separation from fission products. The protac~

tinium was then washed back into a low acidity aqueous solution and afber
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gcidification was extracted into a benzens soluticn of thenoyltrifluorc~
acetone which forms a complex ion with the protactinium. This solution
was then evaporated to dryness on a platinum counbing plate leaving a
weightless deposit of protactinium.

The protactinium from the 19-lev deuteron bombardment contained

23,7 = 0.5 minute and 27-day beta=particle emitters. The cross section

for the formation of the former is about 2 x 10”27 cm? on the assumption
27

that it is formed from U238 while that for the latter is about 4 x 10 ° em

on the assumption that it is dve to Pa233 produced in the reaction
U255(doa)Ra233. A small amount of two intermediate periods were present
but these most probably can be attribubted to a small amount of zirconium
and niobium fission product contaminants. The 23.7-minute activity was

also found in the protactinium fraction from the bombardment of U238

(U238/ﬁ235 = 2300) with 9.5-Mev protons in & yield corresponding to a

-29 2 . .
eross section of about 3 x 10 cm s These observations are consistent

with the assignment of the 23.7-minute activity to Fa255, produced in the
reactions Uzgg(d,an)Pazss and U238(p,a)Ea235.

An aluminum absorption curve taken on this 23.7-min. activity
shows that the beta-particles have a range of about 600 mg corresponding
to an energy of about 1.4 Mev according to the Feather relationship.2
Gammp—rays are either absent or present in amounts tco small to detect by
absorption experimentse

If one closes a decay cycle involving Puzsg, szsgg Pazss, and
59 using the values 0.7 Mev for the beta~disintegration énerg&s of
szsg, 5424 Mov for the alpha~disintegration energyg of Pu239 and

.
4.6 Mov for the ecstimated alpha~disintegration energy  of szsg, a beta-
235

disinbtegration energy of 1.34 lkv is obtained for Fa . This measurement,

2
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therefore, gives added weight %o the somewhat uncertain measured beta-

399 and hence adds to

and estimated alpha-disinbegration energies of sz
the reliability of data needed for the construction of the energy surface
in this region.

We also wers inbterested in determining the partial half-life of
PaZSO for alpha-disintegration. A half-life of some hundreds to thousands
of years would be predicted from the alpha-systematics by obtaining the
sivhe-digintegration energy from mass number versus energy plots (5.5 Mev)
and taking into account the prohibition introduced by the presence of two
odd nucleons in determining its alpha-disintegration rateol In this
experiment the slpha-particles of the IaBSO were not measured directly
but its half-iife for alpha-disintegration was inferred by measuring the
equilibrium amount of its alpha-disintegration product, the bheta=particle
emitting 29~hour A62269 on the assumption that the predicted negligible
branching decay of A@ZZG by electron capture is correct. (The halfelife
of.A0226, originelly reported as 22 hoursg3 has been more recently deter-
mined to be 29 hours.4)

The actinium was chemically separated from a sample containing a
large amount of PaZSO and the Aczzs was identified and the amount measured
through an alpha pulse analysis in which the alpha-particles of its

26

daughters, 30-minute Thz and daughters, wers measured. In a bombardment

of a thick thorium target with 60=Msv deuterons for 10 microampére-hours
in the 184-inch evelotron a sample of PaZSO corresponding tols? x 106I
nogative beta disintegrations/minute (as determined by alpha pulse analysis
of the daughter UZ3O decay chain) was chemically isclated as described

above. The actinium was chemically separated from this protactinium

frastion by carrying it on lanthanum and cerium fluorides which were
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redissolved and reprecipitated several times and further purified aftesr
dissolution by removing thorium through repeated zirconium phosphate
precipitations. A% the end of the procedure, the cerium(III) was oxidized
to cerium(IV) with sodium bismuthate, the cerium{IV) removed on a
zirconium phosphate precipitate, and the actinium activity precipitated
with a small amount of lanthanum fluoride. After dissolution in hydro~
chioric acid, the soluble chloride of the carrier when evaporated on
platinum gave a thin plate suitable for alpha pulse analysis.

The actinium fraction from the protactinium conteining 1.3 x 106
betamdisintegrations/hinute of PaZSO contained 300 alphamdisintegrationq/
minute of Th226 which decayed with the 29«hour half-life of its beta-
emitting Acz26 parent. Correcting for chemical yield (as detsrmined by

23 tracer) and teking into account the fact thet Pa230 has a

10,0~day A02
half~life of 17 days5 and also decays by electron capturs in a ratio of
10 ag compared bo iits decay by nepgative beta-particle emission,6 these
data lead to a partial half-life for alpha-emission of about 1400 years %
20%, which corresponds to a prohibition by a facter of about 100 in the
alpha decay, presumably due to the presence in RaZSO of two odd nucleons.l
It is a pleasure to asknowledge the assistance of A. Ghiorsc in
a number of the measurements. We also wish to express our appreciation
to Dre J. G. Hamilton, B. Rossi, T. M. Putnam, Jr., and the 60-inch
eyclotron crew as well as J. Vale and the other members of the 184-inch
cyclotron operating group for making the irradiations.

This work was performed under the auspices of the U. S. Atomic

Energy Commission.
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