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5 kev and with an intensity greater than 50 percent of
the 1.06-Mev line.

The P line of thorium 8 was used to recheck the
earlier precision calibration' of the spectrometer. The
instrument is known to be linear to a very high degree. ~

At the higher resolution the K photoconversion line
of the 0.57-Mev gamma ray was 0.6 count/sec
above background. We conclude that two nearly
equal energy gamma rays do not exist in the region
of the 0.57-Mev gamma ray either.

Upon adding the 109.79-kev binding energy of
thorium' to the measured energy of the E photo-
conversion electrons, we obtain 1063.43&0.50 kev and
568.85&0.30 kev, respectively, for the energies of
the two gamma rays. The former is to be compared with
the measurement of Alburger, ' ~is., 1063.9~0.3 kev.

' D. I. Meyer and F. H. Schmidt, Phys. Rev. 94, 927 (1954).' Hill, Church, and Mihelich, Rev. Sci. Instr. 23, 523 (1952).

Lazar and Klema' have shown that the 1.06—0.57
Mev cascade have relative gamma intensities of
0.77&0.06 and 1.00, respectively. Bi"' is thus particu-
larly useful as a test source in gamma-ray coincidence
spectroscopy. The 975.9-kev E conversion electrons'
from the 1.06-Mev transition, together with the
coincident 0.57 gamma ray, have proved to be of

particular use in this laboratory for energy calibration
of beta-gamma coincidence scintillation spectrometers.
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The branching ratio (electron captures/beta particles) of Am244 was determined as 0.039~0.003%.
An enriched Pu24' sample was isolated from neutron irradiated Am'4', and the spontaneous 6ssion half-life

of Pu'" was found to be (2.5&0.8) X10"years.
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that Am'44 may be slightly unstable toward electron
capture decay. The fact that Pu'44 is apparently beta
stable' ' suggests that Am is analogous to Am"' and
is probably unstable toward electron capture decay.
Evidence of electron capture decay for Am244 can be
found in the Materials Testing Reactor (MTR)
irradiations of plutonium. The Pu' ' to Pu'~ ratios in
several MTR irradiations of plutonium (Table I)
indicated that Pu'44 was being produced more rapidly
than would be predicted from the path
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using available data and an estimated value of 4.8 Mev
for the alpha disintegration energy of Pu2~, indicates

and that some Pu244 was probably being formed by the
alternate path

f'Work performed under the auspices of the U. S. Atomic
Energy Commission.

'Studier, Fields, Sellers, Friedman, Stevens, Mech, Diamond,
Sedlet, and Huizenga, Phys. Rev. 93, 1433 {1954).

'Knight, Bunker, Warren, and Starner, Phys. Rev. 91, 889
(19S3).

'Hollander, Perlman, and Seaborg, Revs. Modern Phys. 25,
611 (1953).

4 Ghiorso, Thompson, Choppin, and Harvey, Phys. Rev. 94,
1081 (1954).
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5 Inghram, Hess, Fried, and Pyle, private communication.
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TABLE I. The Pum'/Pu'~ ratios in MTR irradiated plutonium.

Sample No. Integrated flux

4 X1021

1.1X10'2
1.4X10"

Pu244/Pu242

5.28+10 5

3.84)&10 4

5.26' 10-4

In order to determine the electron capture branching
ratio of Am"4 and to prepare some enriched Pu'~
samples, Am'4' was irradiated in the Argonne heavy
water reactor and in the MTR.

Approximately one milligram of Am" was irradi-
ated for two days in the heavy water reactor and
later also irradiated for three weeks in the MTR.
The plutonium formed in the irradiation was isolated
from the Am'4' with a Dowex A-1 anion resin column
and TTA (thenoyltrifluoroacetone) extractions. Table
II shows the amount of Pu'4' and Cm'44 formed in the
irradiations and Table III gives the isotropic composi-
tion of the plutonium fractions. An average branching
ratio (electron captures/beta particles) of 0.039
&0.003%%uo was obtained from the two experiments.
The largest source of error in the determination is the
uncertainty in the Cm'~ half-life (18.4&0.5 yr). '
Complete recovery of plutonium was assumed, and in

state is less than 0.002%. The figure 0.002%%uo was
calculated by also taking into consideration the fact
that on the average approximately one-half of the Am'4'

was in the MTR for about one year before it was
isolated and reirradiated for the present experiment.

In the MTR irradiation sufFicient enriched plutonium
was formed to measure the spontaneous fission half-life
of Pu'". A total of 110 fissions in 50 356 minutes was
observed using a sample containing 0.0064 microgram
of Pu'~. After correcting for the counter background
(0.00033 counts/minute), and the spontaneous fission
rates due to the Pu'" ~ and Pu"'' in the sample,
a spontaneous fission half-life of (2.5&0.8) &&10' years
was calculated for Pu'~.

Figure 1 shows a plot of the logarithm of the spontan-
eous fission half-lives of even-even plutonium isotopes
as a function of the mass number 3 as proposed by

TABLE II. Results of irradiating ca 1 mg of Am24'.

Reactor

CP-5
MTR

pg Pu'44 formed

3.75+10 5

1.42+10~

pg Cm244 formed

8.95&(10~
39.15
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TABLE III. Isotopic composition of plutonium formed from
irradiation of ca 1 mg of Am243.

Plutonium
isotope

Pu"'
Pu'"
Pu'4'
Pu'4'
Pu'~
Pu244

CP-5 reactor

17.8 &0.2'
13,0 ~0.2'
67.5 &0.3
0.052&0.004
1.63 ~0.09'
0.058&0.004

MTR

(2.1
8.1&0.2

70.4~0.4
1.7~0.1
4.2~0.2

13.5~0.3

a The larger percentages of Pu»8, Pu239, and Pu242 were due to the fact
that: the plutonium was contaminated with some of the original irradiated
plutonium. The amount of Pu244 introduced by this contamination was
negligible.

'Friedman, Harkness, Fields, Studier, and Huizenga, Phys.
Rev. 95, 1501 (1954).

view of the fact that the recovery of plutonium after
the first step in the purification could be followed by
the alpha pulse analyzer, this assumption is probably
fairly reliable. From the branching ratio and the
half-life for beta emission (25 min)' an electron capture
half-life of 44.5 days was calculated. A mass spectro-
metric analysis of the irradiated Am'4' showed less than
0.001%%uo Am'44. If Am'~ has a long-lived ground state
similar to Am'4', then the branching of Am'44 to this

O
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Fn. 1.A plot of the spontaneous 6ssion half-lives of the even-even
plutonium isotopes as a function of their mass number.

Huizenga. " An extrapolation of this curve would
predict a spontaneous 6ssion half-life of 1.5—2&(10"
years of Pu'44, which is in fair agreement with the
experimental value reported here.
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