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ABSTRACT 

The .390 Kev y-line in Tc92 is shown to be a M4 isoneric transi-. 

tion. Mass assignment to Tc96 is made for the isomeric transition pre-

viously found to have .34.4 Kev energy and .51.5 minute half-life, and a 

weak positron branching was found. 

* Fellow of the Swiss Arbeitsgemeinschaft fur Stipendien in Mathematik 
and Physik. 
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Radiation Laborator.y, Department of Physics 
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Mass assignment of the many technetium activities wh~ch are . 

' usually produced by irradiation of molybdenum is quite difficult because 

the latter element has seven stable isotopes of roughly equal natural 

abundance. From the standpoint of nuclear shell structure, knowledge 

of these activities is of particular interest .since according to this 

model, technetium with 43 protons lies in a region of isomerism. Until 

now characteristics of isomeric transitions were .known for the odd-even 

isotopes 95, 97, and 99. This·report concerns isomerie states in the 

odd-odd nuclei 92 and 96o 

Tc92 decays with two half-liyes, 4.3 minutesl and 43o5 

minutes2'3. It would be sunnised that one of these is connected with 

an isomeric transition. 
. . 3 

To prove that the 390 Kev conversion line 

associated ~ith the 43.5 minute period represents this transition, the 

multipole order was determined b,y measurement of the K/L ratio and the 

conversion coefficient. The activity was produced by bombardment of 

enriched Mo92 with 9.5 Mev protons from the 60-inch cyclotron and the 

activity observed in a ~-spectrometer. Chemical separation of the Tc 

activities was made by heating the bombarded molybdenum oxide in a 
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glass tube open at one e ndo By controlling the temperature, the techneo.. 

tium oxide can be made to condense in the cooler part of the tube whereas 

the less volatile molybdenum oxide is not affectedo The activity is 

removed with a drop bf dilute ammonium hydroxide and mounted on a thin 

tygon foil source holdero Figo 1 shows the K- and L-conversion lines 

measured with a double focussing spectrometer of 1 percent,resolutiono 

It was not possible to separate the L and M lineso The result of the 

K/L +.M ratio is 5o8 ± Oo3o Determination of the conversion coefficient 

was made with a lens spectrometer b,y measuring the intensities of the 

conversion electron line and .'of the .photoelectrons from a uranium eon

vertero The converter was caliQrated using the 390 Kev K-line of,sr87 

whichMann and Axel4 have shown to be an M4 transitiono Taking the 

theoretical K-conversion coefficient of Ool94 from the new tables of 

Rose et alo5 f~r the sr87 iso~er, the K-conversion coefficient .for Tc92 

is Oo3l ± Oo07o This is in good agreement with the theoretical value 

of Oo295 given by Rose for magnetic 24 pole emission at this energy•and 

Z valueo The measured K/L ratio is within experimental error on the 
. 6 

curves given by Goldhaber and Sunyar o The half-life of 43o5 minutes 

is too small by a factor of at least three 1to agree with the empirical 

formula of Goldhaber and Sunyar even if one assumes that the initial 

state has spin l/2o Since the decay scheme of Tc92 is not known at 

present, it is possible that the apparent half-life is shortened by 

the competing processes, K-capture and positron emissiono 

.f 
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An isomer of 51.5 ± loO minutes half~life and 34.4 Kev transi-

tion energy is produced among the other activities formed by the irradia

tion of isotopes of natural mol;bdenum(o Until now it has not be possible 

to assign this isomer to a given Tc-isotopeo. The obvious solution of 

assigning this actiyity to the positron emitter, Tc94$ which has a half

life (52o5 ± 1.0 minutes) within the experimental error of that of the 
' ' - 3 

isomer had been proved incorrect. 

By bombarding enriched molybdenum oxides* with 9o5 Mev,protons~ 

it has be~n possible to fix the mass number of the isomero Only activities 

produced by (p~n) processes are important at this energy. The F18 ~+ -

activity of 0.64 Mev maximum energy produced from o18 did not interfere 

with the measurements since a helical baffle could be used in the spectro

meter to block all positrons. The intensity of the L-line of the isomer 

was compared in each sample, with intensities of known lines of Tc~isotopes 

92., 95, 96$ and 97 and the positron spectrum of Tc9~ at 835 Kev. No 

comparisons for Tc98 and Tc100 could be made since the energy and half~ 

life of these activities are not known at present. ·Table I gives the 

relative counting rates with that of the isomer no~ized to 1000. All 

values are corrected in time to the end of bombardment (as a rulel' 1-~1/4 

hour in duration). 

* The degree of isotopic enrichment estimated by comparing line intensities 
with those of natural molybdenum varied between 80 percent and 90 per
cent. 
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TABLE I 
INTENSITY RATIOS 

Enriched Isomer Tc92 Tc94 Tc95 Tc96 Tc97 
Isotope 5lo5 mino 4.3.5 mino 52o5 mino 20 hour 104 hour 90 day 

34o4 Kev 390 Kev Positron 762 Kev 842 Kev 96 Kev 
L-line K-line Spectrum line line K-line 

at 870 Kev 

Mo92 1000 1080 171 Oo32 Ool9 Oo32 

M 94 0 1000 3.6 5430 0.69 0.31 

Mo95 1000 >58 23 4o4 0.215 0.08 

Mo96 1000 0.80 Oo050 0.18 0.017 

Mo97 1000 67 0.28 20 

Mo98 1000 6.3 79 0.80 0.28 

MolOO 1000 3o4 43 0.19. ·. 0.16 Oo30 

Natural 1000 9o9 91 'Oo35 0.22 lol 
Mo 

' 
Table Io Relative counting rates for different Tc--isotopes produced by 

proton bombardment o~ enriched Mo-isotopeso 

It will be noticed that among the ratios for the various isotopes~ 

only those for Tc96 give a reasonably constant value. Tc96 alone was 

produced by irradiating Nb93 foils with a-particles of· 13.5 and 15 Mevo 

These energies were chosen in order to supprel?s the (a~2n) reaction which 

was found to have a small cross section compared to (a,n) at l7o5 Mevo 

In both cases the L-line of the isomer was observed. As a further proof 

that the activity is not associated with the positron emitter, Tc94, the 

isomer was produced with 3o5-4o0 Mev protons from the Radiation Laboratory, 

, 

" 

• 
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eiectrostatic acceleratoron natural molybdenumo According to the decay 

scheme? the (p11 n) .threshold e~ergy to produce the Tc94 activity is at 

least . 5 o·l Mev 0 

It appears that the groupd state of Te96 and the isomer are 

formed by bombardment in amounts of comparable magnitudeo This results 

. from knowing the number of L-conversion. electrons for th~ . isomeric transi

tion.alongwith the number·of K + L electrons for the three Oo8 Mev .transi-

tions in cascadeo* By correcting the intensity of the isomeric transition 

for the K/L ratio,. absorption in the counter window (Oo4 mg/cm
2 

nylon), 

and decayli and by assuming that all.thre.e Oo8 Mev y-rays have conve:rsion 

coefficients corresponding to in. E2 transitions,** one finds the ratio of 

number formed· in ground state to number. formed in the isomeric :stateo 

How~ver, this result is subject to a large error due to the diffic.ulty 

in mating counter window and backscattering corrections .. at the low. energy 

of the.isomero 

An increase in the 104-hour activity from the ground state 

should -be observed if all of the.Tc is formed in the.isomeric.stateo 

Attempts to observe.this increase by one .hour bombardments of Nb foil 

with 18 Mev q.-particles were not.successf~. The conclusion can be made 

that less than 20 .percent and not more than 40 percent of the Tc was 

formed in the eX,cited stateo 

* Refer to Figo 2 

** Po Preiswerk and Po Staehelin have redetermined these conversion 
coefficients and concluded that the transitions are electric 
quadrupoleo We wish to thank them for their communicationo 
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The modified decay scheme for Tc 96 is' show in Fig.. 2.; A spin 

of at least 7 must be assigned to the grotind state in order to be in 

agreement with the data for the 104-hour activity (i.e. no strong cross-

over transitions in the triple y-cascade, no positron emission, no direct 

transitions to the ground state). Half-life and K/L ratio of 1.2 ± 0.3 

allqK the assignment of a magnetic 23 ~ray to the isomeric transition 

and a spin of + 4 to the excited state. Branching from the isomeric state 

was found to occur b.1 observing with a trochoidal analyzer a 51.5 minute 

positron emission in the separated Tc activity produced by 17 Mev a is 

on Nb~ B,y comparing the intensity of these positrons with the 104-hour 

. activity, it can be concluded that there is roughly 1 positron for each 

104 transitions to the ground state. Since Tc96 is odd both iri neutrons 

and protons, a high spin value -is not unreasonable. A proton in .'the g9/2 

state and a neutron in the g7/ 2 state as given by the shell model7 for 

the 43rd proton and 53rd neutron might add to a spin of 7. One interpre-

tation of the spin of 4 for the excited state would be that the proton 

remains in the g912 state while the neutron goes over into a s1; 2 state. 

We wish to thank Prof. A. C. Helrnholz for lielpful discussions 

and Prof. M. Gcildhaber who suggested the work with Tc92• We wish·also to 

thank G. O'Kelley for his cooperation in the use of the ~-spectrometer 

and Bernd Crasemann for the trochoidal analysiso Thanks are due to 

T. M. Putnam, G. B. Rossi, R .. D •. watt and the crews_ of the 60:-inch 

cyclotron and proton linear accelerator for the many bombardments. 
'. 

This work was supported by the Atomic Energy Commission. 
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Tc92 Lines 
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Fig. 2 

To96 Decay Scheme 




