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Alpha active platinum isotopes 

Abstract: 

Antti Siivola * 

Lawrence Radiation Laboratory 
University of California ** 

Nine new alpha active platinum isotopes have been iden-

o. 

tified among reaction products in heavy ion bombardments of va-

. th t t E 1" lt th d of 182 Pt, r1ous rare ear arge s. ar 1er resu s on e ecay 

lB3Pt, and 184Pt have been verified. The measurements were per-

formed by using a fast recoil collection apparatus, and the iso-

topes were identified by cross bombardments and excitation func

tion measurements. The decay characteristics of the nuclei studied 

are as follows: 

Ea(MeV) T 1/2 

184Pt 4.50 ::1: 0.02 16e5 ::1: 2 min 

183Pt, 4.73 ::1: 0.02 7.0 :1: 2.5 min 

l82Pt 4.84 :1: o.o2 3.0 :1: 0.2 min 

181Pt· 5.02 :1: 0.02 51 :1: 5 s 

180Pt 5.14 ::1: o.o1 50 :1: 5 s 

179p . t 5.15 ::1: 0.01 33 :1: 4 s 

178Pt 5.44 :1: o.o1 21.3 :1: 1.5 s 

177Pt 5.51 ::1: o.o1 6.6 ::1: 1.0 s 
176 

Pt 5.74 ::1: o.o1 6.0 ::1: o.s s 
-

175Pt 5. 9 5 :1: o.o1 2.1 ::1: 0.2 s 

174Pt 6.03 :t o.ol 0.7 ::1: 0.2 s 

173Pt 6.19 ::1: 0.02 ? 

* Present address: Department of Nuclear Physics, University 
of Helsinki, Helsinki~ Finland 
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, 1. Introduction 

It has been known for a few years that natural platinum 

emits alpha particles. In 1956 Porschen and Riezler1 ) reported 

. f h 1 h . . f 190p d 192 P d h the d1scovery o t e a p a act1v1ty o t an t, an t e 

measurements have been repeated by Macfarlane 2 >, Graeffe 3 '
4 >, 

and Petrzhak and Yakunin 5), all of whom confirmed the activity 

of the lighter isotope while that of 
192

Pt seems to be doubtful. 

6) 
Karras ~ al. were the first to find an alpha active artificial 

. 188. 4) 
isotope, v1z. Pt, and recently Graeffe has identified four 

more alpha emitters among the light platinum isotopes. His results 

are summarized in table 1. 

Because of the success of heavy ion bombardments in 

d . h 1 h . t ?-lO) . 'd d pro uc1ng net-l rare cart a p a em1 t ers 1 t was cons1 ere 

feasible to try to find even shorter lived platinum isotopes than 

those discovered by Graeffe. The method chosen was to bombard· 

suitable targets with heavy ions and meas~re the alpha activity 

of the reaction products as soon as possible after bombardment. 
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2. Experimental method 

Bombardments were done with beams from the Berkeley Heavy 

Ion Linear Accelerator (Hilac). The full energy beam of 10.4 MeV/ 

amu passed through a vacuum window and a stack of aluminium foils 

(which decreased the energy to the desired value), went through 

the target, and was finally collected in a Faraday cup behind 

another ·vacuum window. The degrader foils and the target were 

enclosed in a chamber filled to a pressure of 1 atm with helium 

gas which acted as a coolant for the foils and as a stopping medium 

for reaction products ejected from the target. From the target 

chamber the helium was pumped through a small orifice to an adja-

cent vacuum chamber, where reaction products carried by the gas 

flow were deposited on a small area on an aluminium plate. A sur-· 

face barrier counter was us~d to measure the alpha spectrum of 

the collected activity. The system is essentially the same as that 

d 'b d b M f 1 d G 'ff' ll) h h 'f' escr~ e y ac ar ane an r~ ~oen except t at t e or~ ~ce 

through which the helium and reaction products were pumped was in 

the tip of a cone-shaped brass plug, at right angles to the beam 

and 6 mm from it. 

The pulses from the alpha detector were amplified and a 

suitable part of the spectrum was selected by a biased amplifier 

to be displayed on a multichannel analyzer. The analyzer was gated 

off during the beam burst of the Hilac because the high radiation 

level in the target area saturated the detector and overloaded the 

amplifiers. In an average expe~iment the off time was 10 % of the 

total time. The resolution of the system depends on the size of 

the detector; the best resolution obtained in an actual run was 

I 
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mm2 crystal. For energy calibration a 30 keV (FWHM) using.a 9 

source containing 252 cf, 
241 . 234 

Am and U was used together with a 

calibrated pulser. Alpha particle energies for the standards were 

taken from a recent article by Wapstra12 ). 

Half-lives were measured with a. programmer which turns the 

Hilac on for a pre-set period of time, then turns the beam off 

and takes up to eight successive spectra into memory subgroups of 

the analyzer (an 800 channel Victoreen), and repeats the cycle. 

This method was used for half-lives between a fraction of a second 

and a few minutes. A least-squares analysis of the decay data was 

performed using a computer. 

When isotopes with longer than 2 min half-life were studied, 

the activity was collected during the bombardment on a 25 mm dia-

meter aluminium disc placed at right angles to the helium jet 

coming from the target chamber. The disc was then inserted into 

a gridded ionization chamber which was used as an alpha spectro-

meter. Measurements could be started 2 min after the end of born-

bardment. 

Targets were made by depositing a small amount of rar~ 

earth nitrate solution on a thin (1.7 mg/cm2 ) aluminium foil and 

evaporating it to dryness. The deposit was then heated to convert 

it to oxide. The thickness of the targets thus obtained was from 

1 to 2 mg/cm2 • Enriched isotopel were used in most bombardments. 

During the experiments the activity on the collector was 

allowed to build up to equilibrium and the alpha spectrum was 

recorded. This was repeated for various bombarding energies to 

determine. the excitation functions for different alpha groups. 
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The range-energy curves of Northcl~ffe13 ) were used to find the 

actual bombarding energy, and the mass 
. . ' 14) 

tables of Seeger and 
. 15) . 

K~nig ~ al. were used to calculate the Q value for compound 

nucleus formation, 

~--~~~~~~~~~~~~~~-~~~~~~~~-~~~~~~~~~ 

The isotopic compositions of the targets were as follows 

162 164 166 167 168 170 

162Er 14.1 9,0 40.0 17,1 14,6 5.2 

164Er <0,2 35.1 47.4 9,8 6,2 1.5 

1~6Er <0,1 <0,1 72.9 17,7 8,5 0.8 

,~· 

168 170 171 172 173 174 176 

168Yb 19.5 6,62 18.0 19,9 12.0 18.5 5.5 

170Yb <0.1 85,4 5.42 3,66 1.93 2.86 0.75 

172Yb <0,01 o.os 0.75 97.15 1.01 0.87 0,19 

174Yb <0,01 <0,02 0.08 0.20 0. 52 9 8. 9 7 0.22 

176Yb <0,01 0,03 0,16 0,29 0,29 1.45 97.77 
;. 
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3. Results 

In the first runs, enriched 174Yb (98.97%) was used as a 

target, and recoil atoms were collected on discs whose activities 

were measured in an ionization chamber. Alpha groups were found 

at 4.50, 4.73, and 4.84 MeV, all of which agree with the energies 

reported by Graeffe
4

) for light platinum isotopes. The half-lives 

were also measured with the ion chamber, and they proved to be 

16.5, 7.0, and 3~0 min, ag~in in good agreement with the earlier 

data. Excitation functions for these activities are ~resehted in 

fig. 1. It can be seen that they peak at 80, 93, and 106 MeV, 

respectively. 

The m.easurements were re'peated by using a solid state 

counter and recording the spectra between beam bursts. The 4.84 

MeV activity was seen again and its excitation function was the 

same as 'that obtained from the ion chamber measurements. The two 

lower energy_alpha groups were too weak to give any useful results; 

instead two new groups appeared at higher bombarding energies. 

16 172 . More data on these two were obtained from 0 + Yb exper1ments. 

By using excitation function data obtained in the rare 

h . 16,7-10) . . . . ' 
eart reg1on and 1n a recent study of l1ght franc1Um lso-

. 17 ) . d h b bl . topes 1t was educed t at most pro a y these react1ons are 

16 16 16 
( 0,6n), ( 0,7n), and ( 0,8n). This means that the correspond• 

ing alpha groups are to be assigned to 184Pt, 183Pt, and 
182

Pt, 

respectively. Graeffe 4 ) came to the.same conclusion from a dif

ferent starting point. 



When 
172

Yb (97.15%) was bombarded with 
16

0, several new 

alpha groups were observed in addition to the 4.84 MeV peak 

assigned to 182 Pt. The alpha-particle energies were 5.02 ,. 5.15, 

and 5.44 MeV, and the half-lives 51, 30- 50s (see below), and 

21.3 s, respectively. 

Excitation functi.ons for these activities are shown in 

fig. 1, and it can be seen that the 4.84 MeV activity is now 

produced in an <16 o,6n) reaction which has its maximum cross 

section at 78 MeV. This supports our earlier assignment of this 

activity to 
182

Pt. The 5.02 and 5.15 MeV activities have their 

maxima at excitation energies of 92 and 105 MeV, which suggests 
16 . 

that they are produced in c16o,7n) and ( 0,8n) reactions. The 

maximum cross section for the 5. 44 MeV alpha emitter was .not 

reached yet. 

6. 

I~ 
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. 170 (16 )186-x 
3.3. The react~on Yb o,xn Pt 

The most interesting feature here is the apparent absence 

of the <16 o,7n) reaction among the excitation functions (fig. 1). 

16 
The 5.15 MeV alpha group seems to be a product of the ( 0,6n) 

reaction, and the 5.44 MeV activity is probably made through an 

16 
( · o,Bn) reaction although it has not quite reached its maximum 

yet. Two new groups appeared, one at 5.51 MeV and the other at 

5.74 MeV; these were·later found to have half-lives of 6.6 and 

6.0 s. A typical series of spectra taken with 50 keV resolution 

are shown in fig. 2. 

The absence of the 7n reaction suggests that the 5.15 MeV 

activity might consist of two adjacent isotopeso To find out if 

this vJas the case, its half-live was measured at different bombard-

ing energies. The results were found to vary between 50 and 30 s, 

depending on the bombarding energy, which indeed indicates the 

presence of two isotopes. Their half-lives are 33 s as obtained 

from the 16 o + 170Yb reaction at 97 MeV excitation energy, 

and 50 s from the 
16

o + 172 Yb at 92 MeV. These two represent meas-

urements performed on the high and the low side of the excitation 

function. Further evidence supporting the presence of two isotopes 

was obtained in careful energy measurements on the 5.15 MeV alpha 

group by varying the bombarding energy. The peak shifted downward 

16 by approximately 10 keV when the 0 energy decreased from 155 to 

128 MeV, and back again when the bombarding energy increased to 

its original value~ 
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16 170 In the. 0 +. Yb runs, a weak alpha peak was observed 

at 5~28 MeV. Its half~life and excitation function proved to be ~ 

h h f .. 5 '' '' M V 17 8 ' h' .. . 1 t e same as t ose o tne .~~ e Pt w1t 1n exper1menta un-

certainty. This group is assumed to be a fine-structure group 
. 174 

populating the first excited state iri the daughter nucleus Os. 

The intensity of this group is approximately 5 % of the intensity 

of the main gro~p. 

\ . 

(~ 

... 



. ~ The excitation functions indicate that the 5.44, 5~51, 

and 5.74 MeV alpha groups belong to the isotopes 178Pt, 177 Pt~ 

and 
176

Pt, respectively.Ohe new activity was found with an 

alpha-particle energy of 5.95 MeV and a half-life of 2.1 s, 

and it is tentatively assigned to the next lighter isotope 

175 
Pt. 

The excitation function for the 5.44 MeV activity shows 

a tail at high bombarding energies (see fig. 1). It is due to 

9 • 

a contribution from the <16 o,8n) reaction on 
170

Yb, a consider-

able amount of which was present in the target. 
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3.5. Other bombardments 

In a 19 r + 169 Tm bombardment all activities from 
18 ~Pt 

178 . ' 
to Pt were observed and the excitation function data (fig. 3) 

are cons~stent with the results obtained in the 
16

0 + Yb runs. 

When erbium targets were bombarded with 
20

Ne ions, all 

the alpha activities with an energy of 5.14 MeV or more were 

observed again. Two additional activities appeared in the 
20

Ne 

164 162 
+ ' Er runs, one with an alpha energy of 6.03 MeV, the other 

with an energy of 6,19 MeV. The 6.03 MeV activity has a half-life 

of 0.7 s, while the other one was too weak to allow a half-life 

measurement·. Fig. 4 shows· a typical spectrum from ~ ·20Ne + 162Er 

run at 185 MeV bombarding energy. 

Excitation function data from the 
20

Ne + Er bombardments 

are fragmentary because the enriched isotopes used were not pure 

h Th 1 f 2 0 16 6 E . · h h enoug • e resu ts rom· Ne + rare ~n agreement w~t t e 
16 ' . . . 20 

results from the · 0 runs. The results for the reactions ( Ne,9n) 

and .< 20
Ne ,lOn) are shown in fig. 3. 

' 
the assignments of the 5. 9 5 

l1eV activity to 175Pt 
. ' the 6.03 MeV activity to 174Pt, and the 

6.19 MeV activity to 173Pt are based on these curves. 

\tJhen 169 bombarded with Tm was 160 ions, none of the aipha 

activities assigned to platinum isotopes were observed. Instead, 

a few new groups appeared, which can be assigned to various iso

topes of iridium. The same is true of the 
19r + Er runs: no plati-

num acti vi ti,es were seen, and new alpha emitters were found~ 

These findings will.be reported later. 

·"': 

if 
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4. Discussion 

4.1. Mass assignments 

The activities discussed in the preceeding section are 

believed to belong to isotopes of platinum because they were 

produced in bombardments where the compound nucleus was an iso-

tope of platinum but.not when it was iridium or osmium or any 

lighter element. Possible impurities in the targets cannot ac-

count for the observed activities. Furthermore, all known 

translead alpha emitters that have energies close to our plati-

num alpha energies have much longer half-lives, and the corre

sponding rare ~arths have shorter half-lives?-lO). Graeffe4 ) 

has identified-the activities withE= 4,84 MeV and less as : . . a 

platinum isotopes by performing a chemical separation. 

Our mass assignments are based entirely on excitation 

f . A d' Al d d s· fflG) . h unct~ons. ccor ~ng to exan er an ~mono , ~n t e case 

of dysprosium compound nuclei the average excitation energies 

for the reactions (HI,6n), (HI,7n), and (HI,Bn), where HI stands 

for heavy ion, are 87 MeV, 101 MeV, and 116 MeV, ~nd the maximum 
I 

cross section occurs at 2 to 5 MeV lower energies. On the other 

hand, Griffioen and Macfarlane17 ) found that the reaction 197Au 
16 20S ( · O,Bn) - ·rr has its maximum cross section at 99 MeV. We eon-

. . . 16 . ' 
elude that the react~on observed ~n.the 0 + Yb bombardments at 

106 MeV excitation energy is C16 o,Sn), and the others, with their 

maxima at 93 and 80 MeV, are c16o,7n) and C16 o,6n), respectively, 

This and the regular behaviour of the Yb( 16 o,xn) reactions (see 
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176 
fig. 1) gives unambigously the mass numbers down to Pt. The 

..;, . . 
three lighter isotopes were assigned in a similar way using 

20
Ne + Er bombardments~ 

A summary of the results is presented in table 1. As can 

b~ seen, there is a good agreement between our data and those 

of Graeffe for the isotopes 184Pt, 
183

Pt, and 182 Pt. Another 

half-life, 42 min, has been recently reported for 184Pt by 

. lS) . h ' . d . b . k.' h 3 2 h 184 
Qa~m , w o measure . ~t y m~l ~ng t e • Ir daughter. 

The reason for this discrep~ncy is .unknown. There seems to be a 

d 1 f f 
. . h • .. 184p 187 ( great ea o con us·~ on ~n t e reg~ on from . .• t to Pt see 

Qaim' s paper18 ) and its references) while the heavier isotopes· 

are well known. 
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4. 2 •· Alpha energies . 

From table f one can see that the alpha-parti6le energy 

increases in a fairly regular manner when the mass number 

decreases. An interesting detail is the fact that the Qa~ A 

curve, fig. 5, changes its slope at A = 188. This change seems 

to be associated with the nuclear deformation which in platinum 

increases with decreasing mass number, The calculations of 

19) 
Marshalek ~ al show this clearly; they predict a deforma-

. h' h . '1 186 . h d d . . 11 t1on w 1c 1ncreases unt1 Pt 1s reac e an 1s essent1a y 

constant for the lighter isotopes. The mass formula of Hyers 

d S . t k.ZO) • h an w1a ec 1 g1ves t e same result: the deformation increases 

. '1 b 193 187 rap1d y etween Pt and Pt and then levels off. 

In fig. 5 the experimental alpha· decay energies are 

compared with energies given by 

S 14) S . k.20) K" 1 eeger , w1atec 1 ·, umme 

. 21) 
several mass.formulas (Cameron , 

2 2) .· 
~ al ). The best overall fit 

to the experimental points is achieved with Swiatecki's formula; 

it is one of the new formu.las, and it gives not only the masses 

but also the nuclear shapes~ All give a good fit in the vicinity 

of 190Pt, which is close to the line of maximum beta stability, · 

but outside that region the old formulas are clearly inferior. 
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4.3. Cross sections and branching rations 

From the excitation function measurements the relative 

intensities of various alpha groups were obtained as a function 

of bombarding (or excitation) energy. No absolute cross sections 

were measured, so that it is not possible to calculate alpha 

branching rations from the measured quantities alone. 

In order to be able to determine the branching ratios we 

assume that the reactions used for the production of the new 

platinum isotopes do not differ very much ·from the heavy ion 

reactions observed in the rare earth region. This assumption is 
·''( 

based on the following consiaerations. 

We are interested in (HI,xn) reactions, and there are two 

major effects~ charged ~article emission and fission, that can 

change the xn cross sections when one goes from the rare earth 

region to the platinum region~ As comes to the charged particle 

emission, the mass t~bles 20 ,~ 2 ) indicate that the neutron binding 

' energies ( 10.5 MeV) of the platinum isotopes in the region from 

176 180 . Pt· to Pt are very similar to those of the erbium isotopes 

studied by Macfarlane9 ). The'coulomb barrier for protons is about 

20 % higher in platinum, so that charged particle emission is in 

platinum very probably slightly less than it is in erbium. Accord-

. 8 . k 1 23) . . . . . . . 16 0 141P H 
~ng to ~k e and , f~ss~on compet~t~on ~n + r = o 

bombardments is very small, less than 4 % of the total reaction 

cross section at an excitation energy of 106 MeV. In the reaction 
16 o 174 • . f 15 ° 80 "1 v 33 ° 106 "1 v + Yb 1t 1ncreases rom ' at ~e to ' at j·e • 
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The alpha branchi~g ratios for platinum isotopes were 

calculated from the measured relative alpha intensities by as-

suming that the ratios of the maximum cross sections for the 
. 16 16 16 -

react~ons ( 0,6n), ( o, 7n), and ( O,Bn) are the same for all 

the ytterbium isotopes.used as targets. Alexander and Simonoff16 ) 

have found that the peak (HI,xn)Dy cross section at excitation 

energies above 80 MeV increases slowly when 'the number of emitted 

neutrons x increases. By using the same technique as was used in 

this study, Hacfarlane 8 ' 9
) found that in holmium and erbium the 

peak cross section decreases by approximately 20 % when one goes 

from (HI,Sn) to (HI,Gn) and from (HI,7n) to (HI,Bn). Now we note 

that the two effects, charged particle emission and fission, do 

not change cross sections very much in this region and, moreover, 

they work in opposite directions. We feel that a good approxima-

16 tion is that the maximum ( o,xn) cross section decreases slowly 

when x goes from 6 to B. Hacfarlane's figure was adopted and the 

ratios a6n:a 7n:a 8n were taken as 1:0.8:0.64. This neglects pos

sible angular momentum effects (see for instance ref. 24 )) on the 

reactions producing odd mass isotopes. 

As a check, the ratio a :a6 was determined for the 
Bn n 

. . 184 182 b . b h. . 
react~ons produc~ng Pt and Pt y us~ng the ranc ~ng rat~os 

given by Graeffe 4) and the me.asured alpha intensities. The result 

0.47 is in reasonable agreement with the adopted value 0.64. 

The alpha branchings of the even platinum isotopes from 

180Pt to 176 Pt were determined by starting with Graeffe's value 

for 182 Pt; the results appear in table 2. From these results the 

. 181 177 branching ratios for the odd-mass ~sotopes Pt- Pt were 
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obtained always starting with the next heavier isotope. For the 

lightest three isotopes the beta half-life was determined by ~ 

taking the decay energy from the mass tables
20

'
22

) and by assum-

ing a log ft value of 5 for the gross beta decay. In all three 

cases the half-life thus obtained was much longer than the ob-

served half-life, the corresponding alpha branching ratios are 

shown in table 2. 

The branching ratios increase with decreasing mass number; 

and those determined from the alpha measurements seem to approach 

unity without exceeding it. The results are probably correct 

within a factor of two or three; those in the middle of the region 

are the most uncertain. 
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4.4. Reduced widths 

From the experimental alpha energies, half-lives and 

branching ratios the reduced widths o2 ·for alpha decay were cal- 1 

culated. The quantity o2 is defined by the expression A = o2 • P/h, 

where is the experimental decay constant, P is the potential 

.barrier penetration factor, and his Planck's constant. The pene

trabilities were obtained by using Rasmussen's method25 ~. The 

barrier is taken as the sum of'the Coulomb potential, the centrif

ugal potential and the real part of Igo's potential derived. from 

alpha-particle scattering data by using the optical model26 >. 
Because.the spins of the odd-mass platfnum and osmium 

nucleides involved are not known, the calculation was performed 

for 1 = 0 alpha emission for all ground state decays. In this case 

the term to be added to the Coulomb potential is V(r) = - 1100 exp 

( - ( r - 1.17 A113 )/0.574 .) MeV, where r is in fm and A is the 

mass number of the daughter nucleus. 

The results of the calculation are shown in the last col-

umn of table 2. There is .a fairly large increase in the alpha 

reduced width when one goes from 190Pt to 178Pt. The rea~on for 

this increase is unknown so far, and theoretical alpha decay 

calculations based on the Nilsson wave functions at constant de-

formation and pairing interaction did not show any increase of 

comparable magnitude. It is possible, however, that the increase 

in o2 is connected with the increasing deformation, and therefdre 

the calculations should be performed with chan~ing deformation and 

also with different deformations for initial and final nuclei. 
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Onemight argue that the assumptions made for the branching 

ratio calculation are unrealistic. However, if the ratio a
8
n:o6n 

is reduced to 0.47 or less, the alpha-branching ratio of 176pt 

turns out to be one or more, and the reduced widths are even, 

larger than those in table 2. On the other hand one needs a four-

fold increase in the cross section ratio if one wants to erase 

the increase in 62 between 182 Pt and 180Pt. This would greatly 

decrease the reduced widths of some of the lighter isotopes and 

would shift the maximum towards heavier mass numbers or it would 

create two maxima if one believes in branching ratios deduced 

from estimated beta half-lives. 

The author wants to thank Professor I. Perlman and Dr. 

Earl K. Hyde for their kind hospitality during his stay at 

Berkeley and Mr. Albert Ghiorso and the Hilac operating crew 

for their help and assistance. 
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Figure captions: 

Excitation functions for the production of platinum 
. '16 alpha· activities from the 0 + Yb bombardments. 

A series of spectra taken with different bombarding 

energies during the 166 + 170Yb experiments. 

Excitation functions obtained from the 19 r + 169 Tm 

20 and Ne + Er bombardments. 

An alpha spectrum of the reaction products from a 

20Ne + 162Er bombardment at 185 MeV(lab). 

The alpha decay energies of the platinum isotopes 

as.: a function of the mass number. 
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Table 1 
.. 

Experimental data on the alpha active platinum isotopes 

A Reference E a (HeV) Half-life 
- 1014 . 192 1 2.6 y 

(5,4 
. 11 

190 4 3.18 :1: 0,02 :1: 0,6)•10 y ·~ 

188 4 3. 9 3 :1: 0.01 10.2 :1: 0,3 d 

186 4 4.2 3 :1: 0,02 2.0 :1: 0,2 h 

184 4 4,48 :1: 0,02 20 :1: 2 min 

184 H 4,50 :1: 0,02 16.5 :1: 2 min 
\ 

183 4 4.74 :1: 0.03 6,5 :1: 1 m1n 

183 * 4,73 :1: 0.02 7,0 :t 2.5 m1n 

182 4 4.82 :1: 0,03 2.5 :1: o.s min 

182 * 4,84 :1: 0,02 3,0 :1: 0,2 min 

181 H 5,02 :t 0,02 51 :1: 5 s 

180 H 5.14 :1: 0.01 50 :1: 5 s 

179 H 5.15 :1: 0,01 33 :1: 4 s 

178 H 5,44 :1: 0,01 21.3 :1: 1. 5 s 

178 . 5. 2 8 :1: 0.01 

177 H 5.51 :1: 0.01 6.6 :t 1 s 

176 H 5.74 :1: 0.01 6.0 :1: 0,5 s 

175 H . 5. 9 5 :1: 0,01 2.1 :1: 0,2 s 

174 * 6,03 :1: 0,01 0,7 :1: 0,2 s 

' 173 i( '6 .19 :1: 0,02 
,tt 

* This work 

The error limit given in the half-life column is twice the 

standard deviation of a single component least squares fit. 
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., 
Table 2 

-;· 

Branching ratios and reduced widths 

v ·-
A E (HeV) T 1/2 ( s) . Branching p o2 (HeV) 

a 

190 3.18 1.7•1019 1 5.4•10- 39 0.031 

188 3. 9 3 8.8•10 5 3.0•10- 7 
4.7•lo- 32 0.021 

186 4.23 7200 1.4•10- 6 7.6•10- 30 0.07 

184 4.50 990 1.5•10-
5 

4.7•10- 28 0.09 

183 4.73 420 1.3•10- 5 1.2•10-26 0.08 

182 4.84 180 2.3•10- 4 5.0•10- 26 
0.07 

181 5.02 51 0.002 4.9•10- 25 0.23 

180 5.14 50 o .• o1 2.0•lo- 24 0. 2 8 

179 5.15 33 o.oos 2.2·lo- 24 .0.20 

178 5.44 21.3 0.11 6.0•10- 23 0.25 

178 5.28(11.=2) o.os s.S•lo- 24 0.14 

177 5.51 6.6 0.09 1.2•lo-22 
0.31 

176 5.74 6.0 0.4 (0. 8~) 1.3•10-
21 

0.14 

175 5.95 2.1 0. 9 * l.O•lo-20 
0.13 

174 6.03 0.7 0.9* 
-20 

2.1•10 0.18 

K Estimated by assuming log ft = 5 for the gross beta decay 
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