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of Ra2~ and Ac2~ were calculated from the following cycles,
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Fic. 1, Experimental build-up factors for transmission of a Co60
gamma-ray beam through concrete and lead.

regarded as the barrier thickness measured in mean free paths of
the primary photons.

The build-up factor for lead is seen to be much lower than for
concrete, a result caused by the appreciable photoelectric absorp-
tion in lead. The build-up curves show no tendency to Batten off,
i.e., there is no evidence to suppose that an equilibrium between
primary and secondary gamma-radiation is established. This is
in accordance with the theoretical work. A quantitative com-
parison with many of the theoretical results, however, has been
precluded by the amount of computation required. Calculations
made by Solon, Wilkins, Oppenheim, and Goldstein, ' based on a
"root-mean-square angle" approximation, give build-up factors
which are much smaller than our experimental values. Experi-
mental build-up factors for a spherical geometry, reported by
White, ' are larger than our values for the transmission of a beam
through a barrier.

In this work the author has enjoyed the cooperation of Dr. A.
Morrison and Mr. C. Garrett of the Radiology Laboratory.
The Co' source was activated in the Chalk River pile and was
made available through the courtesy of Eldorado Mining and
Refining (1944), Ltd. , Ottawa, Ontario.
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The n-disintegration energies of Th23 and Pa 33 were obtained
by extrapolation of the appropriate lines on an a-energy vs mass
number plot (see reference 1, Fig. 1). In this way, the P-dis-
integration energies of Ra2 and Ac 29 were calculated to be
2 Mev and 0.9 Mev, respectively. It was expected that these
energies would lead to p-decay half-lives of about a minute and
one hour, respectively.

Therefore it seemed possible that Ac229 could be obtained by a
short irradiation of Ra223 (MsTh1) in a high neutron Aux in the
NRX pile, followed by a rapid chemical separation of Ac.

Ra'" was freed from 6.13-hr Ac'" (MsTh2) and rare earths
by repeated extraction of its solution in a sodium acetate buffer
of pH 6.0 with 0.25M thenoyltri6uoroacetone (T.T.A.) in benzene.
The Ac-free aqueous radium solution was immediately evaporated
to dryness in a silica tube, which was sealed and irradiated for

1 Hirschfelder, Magee, and Hull, Phys. Rev. 73, 852 (1948); J. O.
Hirschfelder and E. N. Adams, II, Phys. Rev. 73, 863 (1948);L. V. Spencer
and U. Fano, J. Research Natl. Bur. Standards 46, 446 (1951), and
references given by these authors; L. I.. Foldy, Phys. Rev. 81, 395 (1951);
L. L. Foldy and R. K. Osborn, Phys. Rev. 81, 400 (1951); L. L. Foldy,
Phys. Rev. 82, 927 (1951);G. H. Peebles and M. S. Plesset, Phys, Rev. 81,
430 (1951);Cave, Corner, and Liston, Proc. Roy. Soc. (London) A204, 223
(1950);Corner, Day, and Weir, Proc. Roy. Soc. '(London) A204, 329 (1950).

2 Solon, Wilkins, Oppenheim, and Goldstein, AEC Report No. NYO-637
(1951).

3 G. R. White, Phys. Rev. 80, 154 (1950).
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Fic. 1. Decay of Ac fraction from neutron-irradiated MsTh1.
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Y the method of decay cycles' 2 it is possible to predict the
disintegration energies of nuclides which have never been

observed. In the present experiment, the P-disintegration energies

30-60 minutes in a thermal neutron Qux of 5)(10" neutronsj
cm2 sec.

After the irradiation, the silica tube was smashed under sodium
acetate buffer solution, and the Ac'" (plus the Ac' ' which grew in

during the irradiation) was extracted as before with T.T.A. The
Ac was recovered into aqueous solution by agitating the benzene

phase with 0.1M nitric acid. It was further purified by the method
of Haissinsky' and then by a second extraction with T.T.A.
The benzene phase was washed twice with sodium acetate buffer
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curve is shown in Fig. 1.
The ratio of the 66-min activity to the Ac'" activity was not

lt d b recipitating BaS04 from a solution of the two, or y
coprecipitating the activities with a carrier of lanthanum 6uuoride.

The possibility that the 66-min activity was the result of a
fi

'
d t f uranium (which might be present as a trace

impurity) was eliminated by showing that careful repurincation
of the Ra'~ from uranium did not alter the amount of Ac'" pro-

eATE~-Coo~EDduced and also by showing that the main activity resulting from
uranium (in samples which had not been coprecipitated with LaFs)
would e minu eld b 23 t U'" which was never observed in irradiations

~rgof Ram, The 66-min activity does not correspond to any known
eezcuzrrare earth activity which could be formed by (n, y) reaction oo

mguo~ErERrare earth impurities present in the Ra'". Finally, an irradiation
under cadmium showed that the 66-min activity was produced
by a thermal neutron reaction.

Since the 6.13-hr Ac'" could be used as a tracer for the Ac~~,
4 ~it was not necessary to know either the initiai amount of Ra'"

irradiated, or the yieM of actinium in the chemical puri6cation in 45
order to calculate the (I, 7) cross section of Ra'2'. Values o
and 39 barns were obtained in two irradiations, bub t these results
are not corrected for differences betweenb n Ac'" and Ac'~ in back-

' QKE-OFFscattering or counter window absorpti . '
yion. It is unlikel that the

SYS TE'bt9 was formed by (g, y) reaction in. the small amount of Ass g'

SEA/E'Dpresent. The unusually large cross section of 2 &(10 barns would
be required for this reaction in order to account for the amount
of Ac'" roduced.

A cond extraction of Ac from the irradiated Ra"', carried +& &pasecon ex
out 10 minutes after the first, gave the expected amount of ~c

-{,gg/EDbut no Ac'~. This observation is consistent with a short ha f-life
for Ra~'9.
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h t .th k the NRXpile operating crews and Mr. P. B.

Aitken. for their cooperation in making fast irradiations possib e.
+ Present address: Universite de Montreal, Montreal, Cananada. Ii Perlman, Ghiorso, and Seaborg, Phys. Rev. VT, 26 (1950}. 0.S. G. Thompson, private o ca
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S. Petersen, National Nuclear Energy Series, u
Vol. 148, The Translranium Elements. ' Research PaPers, aper o.
(McGraw-Hill Book Company, Inc. , NevI York, 1949), p. 1388.
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Physics Department, University of wyoming, Iaramie, TVyoming
(Received December 3, 1951)

~ ~

~

~

~

~ ~

N exploratory investigation was made into the distribution
of the components of a ternary isotopic mixture along a

Cl
'

-Dickel hot-wire thermal diffusion column during the
approach to equilibrium. ' ¹ongas was chosen as t-e w

'
gh orkin

substance because (a) it has a rather large thermal diffusion e6ect;
(b) it has three stable isotopes, 'the rarest of which is suKciently
b d t ' t ral neon to be observed with the mass spectro-

h '1 bl to us; (c) it is chemically inert, and requires no
special handling techniques.

The details of construction of the three-meter glass Clusius-
Dickel column are given in Fig. 1. It differs principally from

Fio. 1. Clusius-Dickel column for neon isotopes.

of a Toepler pump. When the electrically heated tungsten 6lament
s at a ressure ofreached operating temperature, the neon was a a pr

61 cm Hg. (As the altitude of Laramie is 7200 ft, barometric
pressure was only 58 cm Hg. ) The ratio of cold-wall radius to
hot-wire radius was 39.4:1, and the temperature ratio was
approxima e yt l 1:4.The average temperature of the hot wire was
determined from its thermal elongation. Equilibrium was essen-
tially reached in about five hours of operation.

The results are summarized in Fig. 2. As the Ne~' constituted
such a small fraction of the total throughout the run, t e is-
tri utions o e an'b ' f N ~ d Ne22 are eGectively mirror images of each
other. For these two isotopes there appears to exist in the column
a pivot point, or point of constant concentration, at whic t .e
concentration never deviates from itg initial value,


