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either sodium chloride or sodium acetate. Em-
pirical equations representing the data are de-
veloped,

As a rough approximation the partial molal vol-
ume of acetic acid in a solution containing electro-
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lyte is the same as in an aqueous solution of the
same total molality. This approximation does
not hold in solutions of sodium chloride with mo-
lalities greater than 0.4.
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Long Life Zirconium from Uranium 235 Fission

By A. V. Grosse! anp E. T. BooTH

In our first paper on radioactive zirconium and
columbium from uranium fissfon!® we described,
outside of the 17.0-hour zirconium, also a long
life zirconium, with a period of more than twenty
days. In the following few months additional
evidence was obtained, but publication was post-
poned due to other urgent atomic energy investi-
gations. In the intervening years this fission
product was investigated as part of the Pluto-
nium Project,? but no details have appeared as
yet. In 1940 Hahn and Strassmann? claimed to
have discovered a 26-day zirconium. This they
cancelled, however, in a short note in 19434 and
simultaneously announced the long life zirconium
to be described below. In the recently published
Nuclear Physics Tables® the properties of our iso-
tope have been inadvertently mixed with those of
Hahn and Strassmann’s 26-day zirconium. It
thus seems worthwhile to publish our original
findings.

Our zirconium proved to have a half-period of
sixty-six days; this was followed for nearly three
hundred- days. As mentioned previously, it
emitted electrons of about 0.25 MEV. energy.
Chemical evidence proved unambiguously that
the carrier of B-activity was the element zirco-
nium. It produced a long life columbium isotope
with very soft radiation, whose period was not de-
termined.

Experimental Part

A typical experiment was carried out as follows: A
100-cc. solution of 70 g. of uranyl nitrate was bombarded
by slow neutrons from the Columbia cyclotron on and off
for a number of days. This was diluted to 1000 cc. of a
25% hydrochloric acid solution (by adding 588 cc. of
369, hydrochloric acid). Ten ce. of zirconium oxychlo-
ride solution, containing 135 mg. of zirconium dioxide,
was added as carrier, together with various solutions con-
taining a few milligrams each of stable isotopes to act as
carriers for the radioactive fission products (. e., Rb,
Cs, Sr, Ba, Y, La, Mo, Sb, Te, Ce, Cb, Brand ). On
addition of 10-fold molar excess of phosphoric acid a fine,
nicely settling precipitate of zircomsum phosphate (ZrP;0Oy)
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was obtained, containing some insoluble columbic acid
(HCbOy).

This precipitate was washed with 259% hydrochloric
acid and then purified twice from possible natural radio-
active contaminations by addition of a few milligrams of
Th, Bi, Pb, La -+ Ba and Fe as carriers. The radio-pure
zirconium phosphate, still containing the added columbic
acid and some iron oxide, was converted to zirconium
dioxide by melting with a 10-fold quantity of sodium
potassium carbonate in a platinum-gold dish; 143 mg. of
zirconium dioxide and a trace of ferric oxide were obtained.
These were further purified and fractionated as shown in
Fig. 1; 19.0 mg. was painted on an aluminum disc (Al,
45) and measured. The rest was converted into acid
soluble zirconium hydroxide (by sodium bisulfate melt
and ammonia precipitation) and fractionally crystalli
as ZrOCl,8H;0 from concentrated hydrochloric acid.
The head or purest fraction of oxychloride was converted
to oxide (56.5 mg. of snow white zirconium dioxide)
and all of it painted on Al 47. Intermediate fractions
were discarded. The residual zirconium was precipitated
from the mother liquor, after diluting with hydrochloric
acid, as a pure zirconium phosphate; all of it, equivalent
to 16.7 mg. of zirconium dioxide, was painted on Al 48.
The columbium was precipitated, from the sodium potas-
sium carbonate-melt solution, with dilute acid; 51 mg. of
columbium pentoxide, containing small amounts of
zirconium dioxide, was obtained and painted on Al 46
for measurement.% Thescheme of the chemical separation
isillustrated in Fig. 1. All measurements were made using
an F. P. 54 amplifier and through 1 or 5 mil Al foil. The
results of our measurements through 1 mil aluminum are
plotted in Fig. 2. We see that all three zirconium prep-
3rations decay with the same period, namely, sixty-six

ay's.

The specific activity per 1.0 mg. of zirconium dioxide
of all three preparations, after correcting to zero time,
was as follows:

Al 45, initial material = 4.9 X 10~ div./sec.
Al 47, head fraction = 4.9 X 1072 div./sec.
Al 48, tail end = 5.2 X 10~2 div./sec.

Thus, they are, within experimental error, identical.
Zirconium is the only element, except ekatantalum (no.
91) and hafnium, which is precipitated from concentrated
hydrochloric acid by phosphoric acid. Ekatantalum can
be carefully separated from zirconium by the procedure
we originally used to separate protactinium® and as was
also subsequently demonstrated by the separation of
ekatantalum?? from thorium -+ 7 products.” Hafnjum
is only separated slowly from zirconium by tedious frac-
tionation.? Thus the constancy of the specific activity,
together with the other chemical evidence, is strong proof
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ZrQOy; © =143 mg.; 19.0 mg. on Al 45
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56.5 mg. to 16.7 mg. ZrO,

g
All on Al47 All on Al 48
Fig. 1.-—Purification and Fractionation of ZrO,.

that the sixty-six-day activity is due to zircouium;
hafnium is excluded both because of its high atomic mass
and the relatively high intensitv of our activity.

A blank run was made on the uranium solution we used
in order to exclude any contamination from various pos-
sible cyclotron sources and targets; any possible cor-
tamination of the zirconium preparation was found to be
below 1%, of our activity.
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Fig. 2.—Zirconium of sixty-six days half period.

Discussion

Thus the existence of two zirconium isotopes of
17.0 hours and 66 days half-time seems assured.
The fission yield of the first isotope was found to
equal 6.19%, in a joint investigation with H. Ander-
son and E. Fermi.?

Subsequently, these two isotopes have been

(9) H. Anderson, E. Fermi and A. V. Grosse, Phys. Rev., §9, 52-56
(1941).
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confirmed by workers on the Plutonium Project.?
Furthermore, their mass numbers have been es-
tablished and the fission series determined as fol-
lows'®:

(1) Ko 5 Rb¥ i Seet Pyt
short short short short
97 BT .07 - 97
Ze17.0n —> CP75min, > Mogip1e
Fission yield =6.19% (A. F. and G.%
95
Choopy
e
95 B 95 B~ 95 87 95
@ Y150 —> Zr6d 5gor CP63d T MOstabie

Fission yield =6.4% (P. P.?)

Both in G. Seaborg’s 1940 report!! and the Nu-
clear Physics Tables® of 1946, the mass assign-
ments are erroneous, naniely, 95 for 17.0 ir. Zr and
75 min. Cb and 93 for the 66 day zirconium.

Hahn and Strassmann have withdrawn their
claims! to a twenty-six day zirconium*; as we
suspected earlier, it was very likely due to a con-
tamination of their very weak preparation with
UX.

Other radioactive zirconium isotopes from ura-
nium fission are to be expected, since the 93 mass
series ending in the stable Cb% and the 97, 98 and
100 series, ending in the corresponding stable
molybdenuin isotopes, should pass through such
radioactive bodies. Furthermore, all series from
masses 90 to 100 should have high fission yield
from 5.09, to a maximum of about 6.49, since
they all lie on the light group Aumgp of the fission
curve,

However, no reliable information is available
on such isotopes. The Plutonium Project (p.
2421) lists a Zr® with a half time of 2.5 minutes
as questionable and is left out of the otherwise
well-known mass 93 series. It will be the object
of future research to find these isotopes.

This work was carried out from February to
August, 1940, in the Department of Physics of
Columbia University. Pressure of National De-
fense Work prevented earlier publication.
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Summary

A long life zirconium of 66-day half period is
described as a product of uranium 235 fission.
Other zirconium isotopes from U-fission are
critically reviewed.
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