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ABSTRACT 

A new activity, iiO159, has been produced by an (a,ln) reaction on stable 

terbium. The nuclide decays primarily by electron capture with a half life of 

33 minutes. Evidence has been found to support the proposal by Mihelich and 

co-workers that the ground state of Ho 0  is short-lived compared to its meta-

stable state whose half life is 5 hours. The half life of the ground'state 

seems to be about 28 minutes. 

* 
This work was done under the auspices of the U. S. Atomic Energy Commission. 
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I. INTRODUCTION 

Alpha particle bombardments on terbium in theBerkeley 60-inch cyclotron 

have resulted in the discovery and mass-assignment of a new isotope, Ho 159 , The 

new activity was seen in a full energy (48 Mev) helium-ion bombardment, but was 

absent in an experiment that was carried out at 37 Mev, The latter energy is 

!below the (a,ln) threshold. This information leads one to believe that the new 

activity must have been made by such .a reaction on terbium. Because the element 

consists of a single stable isotope, Th159 , the nuclide observed must be Ho 159 , 

II EXPERINENTAL 

The terbium was irradiated in the form of .Tb 203 , The powder was placed 

in a platinum "hat" which fitted into a standard target assembly. A platinum 

foil was placed over the "hat", and the thickness of the foil was varied to 

allow bombardment by impinging alpha particles of different energies. 

The rare earths were separated from one another by an ion-exchange 

method described elsewhere,' After elution, the holmium fraction was studied 

for total radioactivity in a Geiger counter and for x-ray and gamma radiation 

in a 100-channel Nal (Tl) scintillation spectrometer. 
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III. BESULTS 

The resolution of the Geiger counter decay curves yielded only two 

activities in each of the two bombardments (48-Mev and 37-Mev alphas on Th159) 

one short-lived and the other having a 5-hr half life. The short-lived 

activity was resolved to have a 33 ± 3 min half life in the full-energy born-

bardnient and a 28 ± 3 mm half life in the second case. When the two shorter 

activities were compared in abundance relative to the amount of the 5-hr 

nuclide seen in each case, it was found that the 28-min one was present in a 

much smaller quantity. The factor between them was 'at least 30. 

The gamma spectra obtained at the two different bombarding energies 

are shown in Figures 1 and 2. It is readily noticed that there are four photon 

peaks present in the full-energy bombardment that are absent in the second 

experiment. The energies of the four transitions are: 125,  180, 250, and 3Q5 

key. The rest of the spectrum is identical to the one obtained in the 37-Mev 

bombardment, except that in Fig. 2 there is a 200-key transition that is mis-

sing in Fig. 1. This particular gamma ray does appear in the full-energy bom 

bardment after the 180-key photon decays. The energies of the transitions shown 

in Fig. 2 are 90, 200, 650, 730, 890, and 970 key. The gamma transitions have 

been seen by others 2 ' 3 ' and assigned to Ho1 0, 

From the evidence presented, one can draw the following conclusion: 

an activity that had at least four characteristic gamma rays was seen in the 

holmium fraction at full bombarding energy. Each of the photopeaks decayed 

with a half life of about 33 mm. The four gamma transitions were missing in 

the hoium fraction when the experiment was carried out below the (a,4n) 

threshold. The new activity must therefore by Ho159 . 

The half lives 'associated with all the photopeaks will now be discussed 

because some interting conclusions can be drawn about Ho1 
0 
 and Ho1 

Om 
 The 

gamma rays belonging to Ho 159, as mentioned above, decayed with a 33-min half 

life. The remainder of the gamma rays shown in Fig. 1 decayed at first with a 

somewhat similar half life. A few hours after bombardment time, however, a 

5-hr component appeared in the decay of these gamma rays. The explanation was 

first proposed that all the gamma transitions seen immediately after chemical 
159 

separation (Fig. 1) belonged to Ho 	. Then a few hours later, when this 
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short-lived isotope had decayed, Ho160  (produced in sufficient amount by an 

(a,3n) reaction on m159 ) was seen, as evidenced by the 5-hr component and 
the isotopets characteristic gamma rays. That a number of gamma rays pre-

sumably belonging to Ho 159  were similar in energy to transitions assigned to 
160 

Ho 	by other workers was thought to be a coincidence. 

The explanation was found to be incorrect, because in the second bom-

bardment only the four transitIons (125, 180, 250, and 305 key) were absent. 

One other difference was the appearance of a 200-key photopeak in place 	the 

180-key one. All of the gamma rays shown in Fig. 2 decayed with the same short 

half life and again had a 5-hr component. Because the experiment was carried 

out below the (a,Ii.n) threshold, Ho 159  could not have been made, and so these 
159 160 

gamma rays could not belong to Ho . Rather they had to be assigned to Ho 

in spite of their initial short half lives. Also the energies of the photo-

peaks did not change as the 5-hr component appeared. Therefore, it seemed 

reasonable to assume that the short half life (28 mm) and the 5-hr one be-

longed to one and the same isotope. 

• Mihelich, Harmatz, and Handley In a recent paper found that Hol6O  had 

•a .metastable state whose half life was 5-hr and which decayed to the ground 

state by an E3 transition of 60.1 key. Their ,conversion-electron spectra 

showed no evidence of growth in the intensities of transitions converting In 

dysprosium. The decay rate of these lines seemed to be identical to that for 

the lines of the 5-hr metastabie state. They proposed .two alternatives: 

(a) either there was no electron capture from the isomeric state and the ground 

state had a short half-life, or (b) the isomeric state underwent electron 

capture to levels in Dy160 , in which case the half life of the ground state was 

either short or very long compared to five hours, or was five hours. They 

preferred the first alternative. They also suggested that the half life of 

the ground state was 22 min as reported by Handley. 3  

Our data certainly support the first alternative. We believe that the 

short half 1ie seen in the decay of the transitions of 90, 200, 650, 730, 890 1  

and 970 key is that of the ground state of Ho160.  In the bombardments, both of 

the isomers were produced but predominantly the short-lived ground state. The 

60.1-key transition in holmium would be obscured by the K x-ray peak. Then 
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as most of the ground state decayed and as the two activities came into equi-

libri.um, the 5-hr isomer would become noticeable because it would now be 

controlling the half lives of the gamma transitions. It should be indicated 

that our re sults show the ground state to have a half life of about 28 ± 3 miri 

rather than 22 min as reported by Handley. 

One other piece of information should be added.. The resolution of the 

K x-ray peak decay curve in the second experiment yielded a 2,5-hr component, 
161 

This activity is Ho 	, It was not seen in the. full-energy experiment. Also 

a 20-key gamma was seen in the lower-energy bombardment and not at full energy. 

It is not shown in Fig,.2 but was seen in another energy setting of the gamma 

analyzer. Its half life was 2.5 hrs, so it presumably belongs to 110101  as has 

been previously suggested. by Mihelich et al. 

I would like to express my appreciation to Professor J. 0. Rasmussen 

for the constant interest and guidance shown during .these and other studies. 
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Fig. 1. 	Gamma spectrum obtained at ri-B Mev. 
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