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Evidence is presented which
d

p which permits the assignment of a 4.3-
b Xm t . X- ht hp o ograp s of long-period Tc acti

' '

involving a 95-day Tc' * t'
a - ay c activity. Tc x-ra s resul i

su ing

activity were also photographed.
y resu ting from an isomeric tran 't'ransi ion

I. 6'7-HOUR Mo" AND 4.3-DAY Tc"

A 4.6—DAY Tc activity which decays by E-

bard f Mo.
capture has been produced' b r b

ar ment of Mo.
y proton om-

Mev and 0.5 M
f Mo. amma-rays of ener 0.05

Mev and beta-rays of energy 0.6
Mev were found to be associated 'th h
ivi y. Tc activity with a period of approxi-

mately 2 days was also reported. ' It was produced

y deuteron bombardment f M d
x-rays characteristic of Mo were found

A 67-hour activity assigned to Mo" has been
produced by the reactions Mo(d ', M

o(n, 2n)'', Zr(u, e)4' and i f d
' 6is oun in fission

products from U and Th. ' ' The isotope, with
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FIG. 1. Decay curves
from Mo+d showing pro-
cedure of x-ray photo-
graphy
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resent address: Ohio University, Athe»s, Ohio.

' G. T. Seaborg and E. Se re Ph segre, ys. Rev. 55, 808 (1939).
agane, . ojima, G. Miyamoto, M. IlawJ.:.-'"-.-.'. -.' '" '""""'""""""

project, uclei formed in 6ssion "po ', od y. (

a n and Strassmann, Naturwiss. 29, 369 (1941).
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Fr6. 4. Decay characteristics
of the total radiation from 4.3-
day Tc".
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Mo lines while weak Mo and Tc x-rays were
found in the Mo fraction. A small amount of Tc
in the Mo fraction was responsible for the weak
Mo En line. Additional exposures of the two

fractions for 14 days gave no lines from the- Mo
fraction and a very weak Mo Xn line from the Tc
fraction. These experiments demonstrate that
Mo x-rays are associated with a Tc activity of a
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Fio. 5. Section of the
atomic chart.
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FIG. 6. Decay characteristics
of 67-hour Mo".
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few' clRys hRlf-life RIlcl Tc x"IRys Ri e associated
with an Mo activity also of a fem days half-life.

Decay characteristics (Fig. 4) and radiation
energies of a 4.3-day Tc activity were obtained.
The decay characteristics from Mo+p, Mo+d
(Tc fraction), and Cb+n (Tc fraction) all show
half-lives of nearly 4.3 days. This 4.3-day activity
can thus be definitely assigned to Tc". Long-
period activities were also present in the Mo+p
and the Mo+d (Tc fraction) samples but no
activity longer than 4.3-days half-life was ob-
served in the Cb+n (Tc fraction) sample. By Al
Rnd Pb absorption measurements 4.3-day Tc"
was found to emit x-rays characteristic of the Mo
region, 0.64-Mev charged particles in agreement'
with other work, and gamma-rays of energy 0.92
Mev. The photographic evidence of Mo x-rays
associated with this activity leaves no doubt that
it decays mainly by X-electron capture (Fig. 5).

The Tc x-rays {Fig.3) associated with 67-hour
Mo" are due to internal conversion of a gamma-
ray as the 6-hour daughter product, Tc"*,drops
to the ground state, 4&10' year Tc". Sixty-
seven-hour Mo" was produced by deuteron bom-
bardment of Mo and by alpha-bombardment of
Zr (Fig. 6). A rise of 6-hour period was observed
in the gamma-radiation of the Mo fraction im-
mediately after chemical separation from Tc.
Half-life values and radiation energy measure-

ments on Mo" and Tc"*are in agreement with
other work. '" No activities of half-life longer
than 67 hours were observed in Mo.

II. I,ONG-PERIOD ACTIVITIES IN Tc

Long-period Tc activities (90 days and 62
days) have been produced by deuteron bom-
bardment' " "of Mo. The 62-day activity emits
x-rays characteristic'" of Mo while radiations
from the 90-day activity are thought to be Tc
x-rays" and conversion electrons. " Two con-
verted gamma-rays in the long half-life activities
have energies" of 0.087 Mev and 0.184 Mev.
Evidence of the growth of the 90-day Tc activity
from 2.8-day Ru'7 has been reported, ""per-
Illlttlng 1ts ass1gnnlent to Tc

X-rays associated with long half-life activities
after deuteron activation of Mo were photo-
graphed according to the procedure shown in
Fig. 1.Exposures C and D {Fig.7) were obtained
with a mica crystal curved to a radius of 8 inches.
Mo Ea and Tc Xo. lines appear in both the 78-

'~ B. N. Cacciapuoti and E. Segre, Phys. Rev. 52, 1252
(1937)."B.N. Cacciapuoti, Phys. Rev. 55, 110 (1939).

"A. C. Helmholz, Phys. Rev. 60, 415 (1941)."D.C. Kalbfell, Phys. Rev. '55, 422 (1939)."%'. H. Sullivan, N. R. Sleight, and E. M. Gladrov'„
Phys. Rev. 70, 778 (1946).

'7 E. E. Motta, G. E. Boyd, and A. R. Hrosi, Phys. Rev.
7&, 210 (1947).
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Photograph C

78-day exposure starting
70 days after bombard-
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Photograph 0

131-day exposure starting
148 days after bombard-

ment

Mo calibration
K lines

FrG. 7. Photographs of long-period Tc activities.

day exposure and the 131-day exposure with ap-
proximately the same intensity. However, it is
quite evident from the original films that the
Mo En line in exposure C is slightly stronger than
the Tc En line, while in the later photograph, D,
the Tc En line is slightly stronger. A third ex-
posure of 195 days following exposure D showed a
very faint Tc En line, but no Mo lines. From
these three photographs it is obvious that the
source of the Mo x-rays was decaying faster than
the source of the Tc x-rays. To explain these two
x-rays arising from Tc activities one must assume
two activities in Tc of slightly different period.
The shorter period decays by X-capture giving
Mo x-rays, while the longer period Tc x-rays
must result. from converted gamma-radiation in
an isomeric transition in Tc. The two activities
cannot be genetically related since the Mo x-ray
intensity dropped below the Tc x-ray intensity iri

the later photographs and no positrons were
observed.

Decay characteristics followed for 900 days
show two Tc activities fairly well resolved having
ha1f-lives of 95&5 days and 52&3 days (Fig. 8).
The activities were produced by deuteron bom-
bardment of Mo and by proton bombardment of
Mo. Radiation energies from these two activities
obtained by Pb and Al absorption measurements
show two groups of soft electrons (Fig. 9), x-rays
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FIG. 8. Decay characteristics of
long-period Tc activities.
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SOTOPES OF MO AAND TC
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FIG. 9. Thin aluminum ab-
sorption of radiations from long-
period Tc activities.
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of the Mo—Tc region, and twocharacteristic of t e o-
s of energy 0.84 Mev annd 0.25 Mev.gamma-rays of energy

d bt the con-The soft electron g prou s are no ou
ed."Since theversion electrons pns reviously reporte . inc

n er 95-day half-x-ra s following the longerstrong Tc x-rays
t d gamma-ray,life arise from an inter yernall conver e

h uld beore intense 87-kv electrons s ou
h

' ' Th evidence pre-associated with this activity. e
iited here requires the 'g - aheassi nmento t e — asen

astable state in Tc ig.Tc activity to a metastab e s a
~ i08-'

i n which occurs aIn the isomeric transition w
'

nvertedma-ra is strongly internally converte
in rise to the Tc x-rays. is in e

ce of another stable or veryrequires the existence o ano

T . Such a long-lived-isotopelong-
'

n -lived isotope in c. uc
laced at Tc" permitting the

~ ~

could logically be place a c
assign men ot of the 95-day isotope to c in

agreement w'
pwith revious wor ."

-ra decay charac-Observations on the gamma-ray ecay
ristics in icate

Mev an d 0 25 Mev and is tentatively assigne to
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