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Abstract: 

Alpha active iridium isotopes 

Antti Siivola 

Lawrence Radiation Laboratory, 

University of California ~ 

and 

Department of Nuclear Physics 

University of Helsinki 

UCRL-17298 
Preprint 

Seven alpha active isotopes of iridium have been 

found in 160 and 19 F bombardments of thulium and erbium· targets. The 

activities were observed by using a fast recoil collection apparatus 

and they were identified by cross bombardments and excitation function 

measurements. Their decay charaoteristics are as follows. 

EcI.(MeV) T1/ 2 ( s) 

177 Ir 5.011 ~ 0.010 21 t 2 

17 6Ir 5.118 ± 0.008 8 :t 1 

175 Ir 5.393 ~ 0.005 4.5 ± 1 

174 Ir 5.478 t 0.006 4.0 t 1 

173 Ir 5.665 ~ 0.005 3.0 t 1 

172Ir 5.810 ~ 0.005 1.7 t 0.5 

17 1Ir 5.910 * 0.005 1.0 t 003 

iii: Work supported by the U.S. Atomic Energy Commission. 
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measured E~, T
1

/ 2 • Enriched targets. 

1. In troduc tion 

During an earlier study dealing with light platinum 

isotopes 1 ) a few alpha groups appeared that can be assigned to 

neutron deficient isotopes of iridium. This paper gives a report on 

experiments performed in order to determine some of thed~cay 

properties of these activities. 

2. Experimental 

Iridium aotivities were produoed by bombarding thulium 

and erbium isotopes with heavy ion beams from the Berkeley Hilac. 

A continuously operating recoil colleotion apparatus was used to 

transfer the resulting activities from the target chamber to the 

counting position. The alpha spectrum was measured with a Au-Si 

su~face barrier counter; this was done at various bombarding energies. 

2) 
NorthclifZe1s range-energy curves were used to determine the actual 

bOQbarding energies from the full energy ( 10.4 MeV/amu ) and known 

degraier thickness. A more detailed description of the method was 

given in the preceeding paper 1 ). 
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3. Results 

3.1. Alpha spectra 

In the first experiments where thulium was bombarded 

with oxygen ions a few new alpha groups were observed. Their energies 

were approximately 5.0, 5.1, and 5.4 MeV. The excitation functions 

for the reactions 169Tm(160,xn)185-xlr ( assuming that the a~tivities 

are isotopes of iridium) indicate that the mass numbers of the alpha 

emitters are equal or less than 177 ( see fig.3 ). 

All other experiments were performed with 19 F beam and 

~ erbium isotopes as targets. The isotopic composition of these targets 

was not as good as would have been desirable except for 166 Er • 

The alpha spectra showed a number of new groups that can be 

assigned to iridium. Two representative spectra are shown in figures 

1 and 2. The alpha particle energies were determined by linear inter-

polation from standards 234u, 241 Am ,244 Cm , and 25 2cf , whose energies 

were taken from Wapstra's table 3 ). The resulting energies are listed 

in table 1. All energy measurements gave results inside the indicated 

error limits. The 5.393MeV group was the most prominent activity. 

Ie 'I'he isotopic compositions -( in % ) were as follows: 

162 164 166 161 168 170 

162 h' ur 14.1 9·0 40.0 17 .1 14.6 5.2 

164 Er <0.2 35.1 47.4 9.8 6.2 1.5 

166 Er <.0.1 'O~1 72.9 17.7 8.5 0.8 
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The half-l~ves, also shown in table 1, were determined 

durinG the 19 p + Er experiments. This was done by cycling the 

accelerator and pulse-height analyzer to obtain eight successive 

spectra between beam-on periods. 

3.2. Rare earth alpha emitters 

In the alpha spectra (see figs.1 and 2) numerous peaks can be 

seen in the energy region from 4 to 4.8MeV. As is indicated these are 

rare earth alpha emitters, some of them are identified in fig.2. Their 

energies and half-lives agree very well with those reported by MacfarlanE 

and Griffioen4 ,5). The yield of these activities was highest at highest 

bombarding energies and when the lightest target 162 Er 'was used. In a 

20 Ne+162 Br bombardment the yield was much s~aller than in the 19F.162Er 

experiment. 

There are two ways through which the rare earth alpha emitters 

can be produced by bombardments like 19~. 162Er (possible impurities in 

targets are definitely ruled out). Firstly, it is possible that very 

neutron deficient isotopes of Ir, Os, etc., that are produced through 

ordinary compound nucleus reactions, lead to alpha decay chains with 

the rare earths as final steps. These chains would be very difficult to 

study because the alpha particle energy would be almost constant through-

o~t the chain. Secondly, very light rare earth isotopes can be directly 

p~oduced through reactions of the type ('9 F ,xnyp) and those lighter than 

~roium through various multinucleon stripping reactions. The latter have 

been studied by Grochulski et.al. 6 ) ~nd they are known to have nonzero 

cross sections. 

--
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3.3 Excitation functions 

~he activities listed in table 1 are assigned to the element 

iridium because they are produced in bombardments where the compound 

nuclei w~re isotopes of iridium. They were not present in 16 0 + Er 

bombardments which produce isotopes of osmium and lighter elements. 

The excitation functions obtained from the 160 + 169Tm = 

165~ ~ 19 166 185 ~ 1r and F + Er = 1r are shown in fig. 3. The two reactions 

that show a maximum ure a (1 9 F ,8n) and a (1 9 F ,9n), and the corresponding 

alpha croups ( 5.011 and 5.118 ~eV ) belong to 177 Ir and 17 6 Ir • 

lhase ~ssicn~onts &re based on the results obtained during the plati-

nu~ study1) and on the same arguments as were used in assigning the 

pl&tinum alp~a activities. The third activity ( 5.393 ~eV ) has not 

gone through its maximum yet, although the last point indicates the 

prox~~ity of the peak. ~e assign this activity to the next lighter 

isotope 175 Ir , the corresponding reaction is a (1 9 F ,10n).· 

In the other bombardments, 19 F + 164,162Er , the excitation 

functions were not as clean because of the poor enrichments ( see 

footnote p.3 ). Tile curves are shown in fig~ 4. The maxima in the upper 

part of the figure represent most probably contributions from the 

reactions 162 Er ( 19 F ,6n) and 162Er ( 19 F ,8n) to the production of 

the indicated activities. This is in agreemnnt with our earlier 

\ ) " . . assignment of the 5.393MeV aipha group to 175 Ir and indicates that 

~he 5.665:'eV alpha emitter is 173 1r • The other activities with alpha 

ener~ies of 5.478, 5.810, and 5.910 MeV are assigned to 1 74 1r , 172I~ 
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anti 171Ir according to the order in which they appear TIhen bombarding 

energy is increased. 

~o 3~ke su~e that all these activities are not due to 

isotopes of osmium, 16 0 + Er bombardments were performed. None of 

ohe alpha groups in the table 1 were observed. A few weak activities 

tnat could be light osmiu~s were present together with large amounts 

of rare earths. Beca~se of the latter no attempt was made to study 

the possible os~ium alpha activities in more detail. 

The author wants to thank Professor I. Perlman, Dr. Earl 

K. Hyde, and ~r. Albert Ghiorso for their hospitality and the oppor-

tunity to use ~he facilities at Lawrence Radiation Laboratory. Finan-

cial support from the Cha~cellor of the University of Helsinki is 

gratefully acknowledged. 
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Table 

Decay properties of iridium alpha emitters 

A E-X( ;'[e V) T1L2 (5) 

177 5.011 ;!; 0.010 21 ± 2 

176 5.118 .. 0.008 8 ;I; 1 

175 50393 ± 0.005 4.5 ;I; 1 

174 5.478 ± 0.006 4.0 ;1;' 1 

173 5.665 'i; 0.005 3.0 ± 1 

172 5.810 ;I; 0.005 1.7 ;I; 0.5 

171 5.910 ± 0.005 1.0 ± 003 

r 
- 'e, 
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·":':":::..:.ru captions: 

~)i s. An alpha spectrum of iridium isotopes. This is a sum of 

~ : .. k d - 197:1 164 Ebb d t t :lve sJec"ra "a en urlng ~ + r om ar men s a 

~aSoratory energies fro~ 145 to 175 ~eV. 

~n alpha spectrum of iridium isotopes produced in a 

19" 162.,. b d . .I. 185 l' V ~ + ~r Dom ar men" a~ me lab. 

~:;zcitfdion functions for the 5.01 (V), 5.12 (-)to), and' 

5.39 ?:eV: (Q) activities when they are produced in a 

16 0 + 169Tm ( dashed line) and a 19 F + 166Er ( solid 

line ) bombardment, both of which result in the same co~pound 

185 !1ucleus Ir. 

Excitation fUnctions obtained from 19 F bombardments of 

162 
Er targets. Because the targets were not very 

pure ( see footnote p.3 ) many compound nuclei are formed 

in each experi2ent. The reactions producing the indicated 

alpha activities from various erbium isotopes are identi~ied 

through the number of evaporated neutrons at the high enersy 

end of the curves. 
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This report was prepared as an account of Government 
sponsored wo~k. Neither the United States, nor the Com
m1SS10n, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






