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ABSTRACT 

The ratio of the number of alpha-particle disintegrations to the total 

number of disintegrations (alpha-branching ratio) has been measured for the 
. . 202-206 . . 202 
1sotop.es At . The values of these rat1os are 0.120 for At , 0.138 for 

203 204 . 205 206 
At , 0.0452 for At , 0.184 for At , and 0 .. 0088 for At . The over-all 

half lives measured for the.se isotopes are in agreement with previously 

reportea values except for that of At206, which was found to have a half life 

of 29.5 min rather than the reported 22 min. 

* This work was supported by the U.S. Atomic Energy Commission. 
t 
Present address, Department of Chemistry, Massachusetts Instit\J.te of 

Technology, Cambridge, Massachusetts. 

* Present address, .Brookhaven National Laboratory, Upton, L.I., New York 
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ALPHA-PARTICLE BRANCHING RATIOS 

.FOR NEUTRON-DEFICIENT ASTATINE ISOTOPES 

INTRODUCTION 

By bombarding Bi209 with He4 particles of energies from 60 to 275 Mev, 

Barton, Ghiorso, and Perlman produced and studied the properties of several 

astatine isotopes with mass numbers below 210. 1 Other experimenters, using 

helium ions incident on bi·smuth, 2 carbon ions on gold, 3' 4 and nitrogen ions on 

platinum5 have made similar investigations of the decay properties of the light 

astatine isotopes. 

The work reported here is an investigation of the astatine isotopes of 

mass numbers 202 to 2cii. We have measured the ratio of the number of disinte

grations by alpha-particle emission to the total number of disintegrations, or 

the alpha-branching ratio, for each isotope, and have also tried to establish 

more positively the half li.ves and mass assignments of the isotopes. 

EXPERIMENTAL PROCEDURE 

The astatine isotopes were produced by irradiation of 0.1-mil gold foils 

with 50- to 125-Mev c12 
ions, and by bombardment of 0.25-mil platinum foils 

with 65- to 130-Mev ~4 ions from the Berkeley heavy-ion linear accelerator 

(Hilac). 

The astatine was removed from the foils by heating them to red heat in 

quartz cups and was .condensed on a•water-cooled aluminum foil. Since it was 

found that some of the polonium distilled with the astatine, a second distilla

tion was performed. The aluminum roil was gently heated in a second cup with 

a microburner and the astatine .collected on a water-cooled platinum disk. 

This technique was found to give yields of 50 to 75% of the astatine an:d 

~ 0.02% of the polonium from the target foi.ls. There was no observable loss· 

of astatine by volatilization from the platinum disks during subsequent count

ing of the alpha particles. 

The alpha-particle radiations were detected in a gridded ionization 

chamber connected to either a 50- or 100-channel pulse-height analyzer. A 
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sufficient number of counts was made to identify the isotopes in question by 

half life as well as by alpha-particle energy. In a few.cases it was possible 

to observe the growth of the alpha activity due to the polonium daughters from 

electron-capture decay of the astatine isotopes. 

P 202 p 205 d p 206 Since alpha -branching ratios have been repo,rted for o , o , an o , 

it was possible to calculate the alpha-branching ratios of their parent astatine 

isotopes from the observed counting rates of the appropriate astatine and polo

nium.alpha groups. 2' 6 '7 It was necessary to estimate the alpha-branching ratio 
204 203 of Po from alpha-decay systematics. For At , the branching ratio was 

determined by counting the gamma rays of Pb203. The results of these measure~- • 
I 

ments together with the polonium and lead branching ratios used are summarized 

in Table I. 

The over-all half lives observed are in .agreement with those reported by 

Hoff, Asaro, and Perlman, 4 with the exception of that of At
206

, which they 

reported to be 21. 5 min and which we have determined to be 29. 5±0. 6 min. With 

the exception of At 206, the half lives listed in Table I are those reported by 

Hoff et al. 

The errors listed in Table I for the ratios of number of alpha-particle 

disintegrations to total number of disintegrations .are standard deviations of 

several determinations. They do not include the uncertainty in the number of 

alpha particles or gamma rays per disintegration in the appropriate polonium 

.or lead daughter. 

Table I 

Deca;y Ero12erties of the astatine isoto;EeS 
Isotope Half life Al:eha deca;y Partial Basis Reference 

Total disint. alpha No. 
half life 

At202 3.0±0.2 min. 0.120±0.008 25 min. ajtot.Po 
202 

.2 
0.02 

At203 7.4±0.3 min. 0.138±0.006 53.6 min. Pb203 EC 9 
At204 9.3±0.3 min. 0.0452±0.004 206 min. a/tot.Po204 

0.0063 
At205 26.2±0.5 min. 0 .184±0. 016 142 min·. a/tot.Po205 

0.00074 ' 
6 

At206 29.5±0.6 min. 0. 0088±0. 008 ' . 3 ·:. 3. 3 2;l(l0 m:Ln •.. ·_;ajtot.Po206 7 
0.0 



UCRL-9217 

-5-

RESULTS 

At202 

An alpha activity of half life 3.0±0.2 min. and alpha particles of energies 

6.231 (36%) and 6.133 Mev (64-%) has been attributed by Hoff et al. 4- to At
202

. 

The excitation functions for production of astatine isotopes in carbon-ion 
. 8 

bombardments of gold are .consistent with this mass assignment. Using the 

reported
2 

alpha-branching ratio of 0.02 for Po
202 , we have calculated an 

alpha-branching ratio of 0.120±0.008 for At202 , corresponding to a partial 

alpha half life of 25 min. 
At203 

Irradiating bismuth with 275-Mev He 4- ions, Barton, Ghiorso, and Perlman 

observed alpha particles of 6.10 Mev energy decaying with a 7-min half life. 1 

They assumed that this activity was due to At203. Burcham and Haywood detected 

the same activity produced in nitrogen-ion bombardment of platinum. 5 Hoff, 

Asaro, and Perlman have reported an alpha-:particle energy of 6.086 Mev and a 

half life of 7.4-±0.3 min for this isotope, 

When the alpha particles due to At203 had been counted, the sample was 

allowed to decay to Pb203. The 279-kev gamma ray emitted in the decay of 

Pb
20

3 was detected in a 1-1/2-in. sodium iodide crystal coupled to a photo

multiplier tube whose output was put into ,a 100-channel pulse-height analyzer. 

The 279-kev level in Tl203 is populated by 99% of the decay events of Pb203 . 

The ratio of K-electron conversion to L-conversion is 3.4-. From these data 

and the assumption that M-electron conversion is negliglble it is possible to 

calculate a ratio of 0.83 gamma rays per disintegration of Pb203.9 The At 203 

alpha-branching ratio determined on the basi. s of counting the 279-kev gamma 

rays is 0.138±0.006, giving a partial alpha half life of 53.6 min. 
At204-

On the ba_s·is of experiments in which a bismuth fraction was periodically 

"milked11 from astatine produced in the bombardment of bismuth with 150-Mev 

helium ion~, Barton et al.~ reported a 25-min half life for At204 . No alpha 

decay was observed from this isotope. 
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Hoff, Asaro, and Perlman have reported a .5.950-Mev alpha group, decaying 
.204 4 

with a half life of 9.3±0.3 min., which they attribute to At . They report 

no evidence for production of a 2.5-min isomer. 

In this study, an alpha group of 5.95 .Mev energy and half life of 9±1 min 

has been observed. Excitation functions support the assignment of this activity 
204 8 204 

to At . The growth of the 5.37-Mev alpha group of Po , from "electron-
204 

capture decay of At , indicates a parent activity of approximately 9-min 

half life. There is no indication of a 25-min component in the growth curve. 

An experiment was designed for more careful observation of a 25-min 

.isomer bf At204 . A 0.25-mil natural platinum foil was bombarded with nit1rogen 

ions of 59 to 77 Mev energy. The foil was allowed to stand for approx 45 min 

after the end of the bombardment in order that·fue 9. 3 -min A t?
04 

would have 

essentially completely decayed before separation of the astatine. The astatine 

fraction was then isolated from the polonium fraction by means of the double

volatilization procedure discussed above. The alpha particles emitted by the 

sample were observed in the alpha-particle pulse-height analyzer, and no growth 
204 207 . . 

of Po was seen. From the amount of At J.n the sample and the ratio of 
. 204 207 9.3-mJ.n At to At produced in other bombardments done under these con-

ditions, it was possible to set an upper limit of 0.07 on the ratio of the 

yield of 25-min isomer to that of the 9.3-min isomer. 

There is already evidence that different methods of production of odd-odd 

astatine isotopes may yield different isomers. For example, from the decay 
. 212 

products of Fr , Hyde, Ghiorso, and Seaborg isolated an activity with a half 

life of 1.7 hr, which they assigned to At208 .10 Barton, Ghiorso, and Perlman 

produced an activity of 6.3-hr half life from the helium-ion irradiation of 

bismuth "wh~ch they also assigned to At208• As noted below, there is also 

evidence for the existence of two isomers of At206 . Similarly, it is possible 

that two isomers exist for At204 . 

The alpha-branching ratio of Po204 has been estimated by Karraker and 

Templeton to be 0.01 on the basis of a comparison of expected reaction cross 

sections and actual yields. 11 A perhaps more accurate value may be estimated· 

by plotting the partial alpha half lives of even-even polonium isotopes versus 
12 the inverse square root of the effective alpha-decay energy. Figure l shows 
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. 202 206 208 
such a plot for the ~sotopes Po , Po , and Po . (Note: The data from 

P 210 l . b p 210 l d h ll f o were not used in this ana ys~s ecause o has a c ose s e o 

neutrons and may, as a result, decay abnormally. ) By fitting a straight ,line 

to the data by least squares, we calculate a value of (3.4±0.9)x1o
4 

min for 

the partial alpha half life of Po204. (The limit of error is the standard 

deviation calculated from the deviation of the points from the least-squares 

line.) We have determined the total half life to be 212±2 min (as compared 

with previously reported values of 228 ~in11 and 210 min5), giving an alpha

branching ratio of 0.0063±0.0016 for Po204• T~is value together with the 

number of alpha particles emitted by the 9.3-min At204 and its daughter, Po
204

, 

give an alpha-branching ratio for At204 of 0.0452±0.004 (or 0.045±0.013 if we 

include the error in the Po204 branching ratio). The corresponding value of 

the partial alpha half life of At204 is 206 min. 
At205 

By milking experiments and by alpha counting, Barton, Ghiorso, and Perlman 

concluded that At205 has a half life of 25 min and an alpha-particle energy of 

5.90 Mev.
1 

The same activity has been reported by Burcham and Haywood. 5 Hoff 

et al. have assigned the values of 26.2±0.5 m~n and 5.899 Mev for the half life 

and energy, respectively. 4 

Because of the low alpha-branching ratio of Po205 (0.074%
6

) it has not been 

possible to see clearly the growth of Po205 alpha activity from the decfly of 
205 205 . . . -At • However, from the Po act~v~ty observed ~n long counts and the alpha-

branching ratio mentioned above, it has been possible to calculate an alpha

branching ratio of 0.184±0.016 for At205, corresponding to a partial alpha 

half life of 142 min. 
At206 

l 2 On the basis of "milking" experiments, Barton et al. and Stoner reported 

half lives of 2.6 and 2.9 hr, respectively, for At206 . The;y did"ribt observe 

any radiations attributable to At~09. . 
Hoff, Asaro, and Perlman report no evidence for such an activity and have 

assigned an alpha activity of 5.699-Mev energy and half life of 21.7±2.6 min 

to At206 . The excitation functions of platinum bombarded with nitrogen ions 

are consistent with this mass assi.gnment. 13 



UCRL-9217 

-8-

In· the present study, the resolution of the alpha-particle pulse-height 

analyzer was not good enough to cll_:larl.y .· separats; the 5. 7 -Mev alpha group 

emitted by At
206 

from the 5.75-Mev particles of At
20

7 .. Thus the combined 

activities were observed as a function of time and resolved by analysis of the 

decay curve. A least-squares analysis of several of the curves for which the 

statistics were good yielded a value of 29.5±0.6 min for the half life of At206 . 

The alpha-branching ratio was determined by counting the alpha particles 
606 

of Po several hours after isolation of the astatine. In calculating the 
206 14 206 . . 

At branching ratio, we used values of 8.8 days for the Po half llfe 

and 0.057 for the alpha-branching ratio. The value.obtained is 0.0088±0.0008, 

giving a partial alpha half life of 3.32 x 103 min. 

No evidence for production of a longer-lived isomer of At206 was observed. 
206 Since the counting rates obtained from the alpha particles of Po were 

always quite low, it was not possible to observe its growth. Thus an experiment 

similar· to that described above in the discussion of Po204 was designed 

specifically to look for any long-lived At206 isomer. A stack of foils 

consisting of three electroplated platinum targets (enriched in Pt198 ) on 0.1-

mil Ag backing foil was bombarded for 3 hr. The platinum target material faced 

away from the impinging beam, and the recoiling astatine products were stopped 

in 0. 25-mil Al catcher foilso At the end of bombardment, the recoil catchers 

were divided into two portions. The astatine fraction from one portion of 

each recoil catcher was isolated approximately 20 min after the end of the 

bombardment, and decay of the various astatine isotopes was followed in the 

alpha-particle .Pulse-height analyzer. About two hours later, astatine from tbe 

other portions of the catchers was separated and the samples were pulse-height 

analyzed. Later, the .alpha-particle radiations emitted by all the samples 

were counted for long periods .of time in order to obtain good statistics on 
206 

the amount of Po on each. The samples from the two halves of each recoil 

catcher were normalized to the same chemical yields by use of the amounts of 

At 205 activity observed on each in the early, short counts. The results of 

this experiment make i·t. possible to set the following upper limits on the 

ratios of· 2.6~hr At
206 

to 29. 5-min At206 produced at the indicated ~4 bombard

ing energies: 75 Mev, 0.04; 91.5 Mev, 0.022; 103 Mev, 0.031. 
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1. Log partial alpha half life of polonium isot9rs 
with fewer than 126 neutrons plotted against Q.-~f . 
Qeff is the effective alpha-particle-decay energy 
as defined by Gallagher and Rasmussen (reference 12). 
The circles are the values given by Strominger, 
Hollander, and Sea borg (reference 9), and the line. 
has been fitted to tbe points by least squares. The 
line shown for Po204 is based on the least-squares fit. 
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