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ALPHA DECAY ENERGIES OF ‘POLONIUM ISOTOPES

D. Gi Karrakery "A. Ghiorso, and’D. H“'Témpletoﬁ”v'
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California *

CoL B RS ST “Janhary'l7,51951‘*** o
ABSTRACT o .

Two new. neutron def101ent 1sotopes of polonlum, mass 200 and mass 201
C§e : e

have been 1dent1f1ed and 1mproved measurements of the alpha partlcle energles‘.

of polonlum 1sotopes mass 206 to 209, 1nclus1ve, are reported

INTRCDUCTION
zSiﬁcéf1é46,-éightfiSOtspes*df§polonium‘frdmfmaééw202~tc>209fhaée\been”
repor#éd:;73fiinftﬁeﬁoourse'offfurther-WOrk;fWe-haVe‘made*imprdved‘measure; .
ments of the energies of the alpha-particles emitted by‘severalrof‘thesé“

isotiopes and by ‘two o6thers. which have now been assigned to P02' ~and Po .

HUBEEE O T L
Po 201 AND P0299
The new 1sotopes were flrst observed in pulse analy51sA of polonlum o

samples produced by bombardment of blsmuth (as B1 ) w1th protons of energy .
100 mev or more. Separatlon of the polonlum was accomnllshed in about 30 o

mlnutes by dlssolv1ng the target 1n HCl, adJustlng the a01d concentratlon to, N

’J%Thisiwork wasoﬁerfbrﬁed under'thelauspioesroflﬁhe'U. S AEC.
-lTempletoﬁ;'Hoﬁlana;-and Perlman, Phys. Rev. 72, 758 (1947)
v‘dsz L. Kelly and E: Segre, Phys: Rev. 75, 999" (19h9)
3. a. Karraker and D. H. Tembletoh;=PHysvaEV}§‘in press.
“Hopiorso,: Jaffeys Robinson; and Weissbcurd,-National-Nnclear~thefgy“
Serles, Plutonlum Progect ‘Record, Vol. 14B;" "The Transuranium ElementS“‘

Research Papers," Paper Wo: 16.8"(McGraw-Hill Book ‘Co:, Inc., New York, N.'Y.,

1949) .
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approximately 6 mo;ari anduextracting the polonium into gg'percent tributyl

- phosphate in diputyl,ether, -Theporganic phase,lcontaining the polonium, was
purified by washingfit;sererai‘times with 6M'Hdifﬂ”3amples for alpha pulse
analysis were prepared by evaporatlng a portion of the organlc solvent on a
platinum counting dish, then distilling a portion of the activity to a second
disk. The chemical procedure serves to restrlct the chemical identity of the
product to elther polonlum or astatlne. Slnce, after correctlon for decay, it
wa's found that the ratlo of the new act1v1t1es to known polonlum activ1t1es |
was not changed by partlal volatlllzatlon, the new act1v1t1es were p051t1vely

"

identified as polonium.
The new alpha activities were. shown by pulse analysis (Fig. 1) tolhave a WA
5.70_gey.alphapparticle‘group decaying with an,ls'minute half—life,'and,a
5.8L meypgroupjwith,a,half-tiﬂe of il;minutes,,A; |
Mass.assignments of.these.actirities were made by successive separation,

"of the electron capture daughter activities, where the ylelds of the end product
of a decay chain serve to fix the half-life of the parent of the chain. A large
quantlty of polonlum.act1v1ty was prepared by bombardment of bismuth w1th
150 mev protons, and the polonlum was separated and purlfled as prev1ously
mentloned After a lO mlnute 1nterval for a growth of the blsmuth electron
capture daughters, the blsmuth and lead were separated by washlng the polonlumﬁ
(in tributyl phosphate solution) with 6éM HCl. . Five separations were done in

N ) \V‘
this manner. The,htsmuth-activities‘were allowed to. decay :for 24 hours, .which

should take Bi<O% 200

and Bd%ooithrough their_leadzdaughters to the_Tl?o; and T1
members of the electror capture chain (Fig. 2).. |

Theptha}lium was.separated by extraction with diethyl ether after oxidation
with potass;um.permanganate,”_Theydecay of the thallium separated from each

, 200
of the five bismuth fractions was followed. The yields of Tl and Tl?ol



)

Po201 201
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indicaté that the polonium parént ofﬁthe'maSs“ZOO‘chain~hasfa”hélfalifé*df‘“k*‘
14 ‘mindtes, while the parent of the mass 201 chain is 21>minutes*in‘halfﬁlife%7
(Fig. gj;?”Thus,chéfll'ﬁinute alpha’emftterfofVBiéﬁkmeV”energy’is-identified"
as‘masS'QOO;'and-the‘ié?minute‘alpha emitter of “5.70 mev is‘placéd at mass. 201,
f“Théﬂtimingaoffthe'experiments is such that it does not matter whethér
decays to one or ‘both of ‘the ‘isomers of Bi “'We have not attempted ‘to
determine this part of the decay scheme.
iﬂTheVdiscrepancy?Between'the'haIfLIiVes‘detérminéd'hyﬂChemical*séparation
and thé half-lives determified by alpha dounting is to be expected; sirce the "

205. 204,

and "Po

coRtiFiBites to the yield of T17 - andT1?%% and increases the half-lives deters

slpha - décay of the Po kndwn to be'présert in the polonium fraction

minéd by *éhemical ‘separations: Thé half-lives détermined by alpha counting

are considered to be the correct values. ' R

,.“

o MEASUREMENT OF ALPHA PARTICLE ENERGIES

for the alpha partlcle energles of Po 06

, Prev1ously publlshed valuesl’

b7 7 Zog o 209 ’
P0207, Po} s and Po _9 were measured on the h8-channel dlfferentlal pulse

[ T e

analyzerh before 1mprovement of technlques and the apparatus made p0551ble the

i

pre0151on of the measurements reported here. Some of the 1ncreased resolutlon

is due to care taken to produce thln, unlfonn samples, but 1mproved de31gn of

i ‘ i Le

the 1onlzat10n chamber and the preampllfler are malnly respons1ble for the :

BRI

1mprovement At the present tlme, the pre0151on of a measurement 1s about

o ) F S

10 kev, w1th the accuracy estlmated as about,20 ker

" Energles are obtalned from the pulse anaipzer4bj a~standard1zatlon of the
relation of‘the“output'pulse ‘height to the energy-of=the'a1pha-partlcle-cau31ng
the pulse. This pelatibii is very Linédr over an energy range of 2 mev ‘f so,

and the energy calibration ‘was-deférminéd using ‘as primary sténdards alpha

emitters whose alphd energies Have been ‘previovwsly determined by alpha ray
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spectroscopy.. - /The,primary standards used for these polonium.isotopes were. ;.
P0?¥o"(alpha energy -5.298 meV);é,Razzé (alpha energies 4.795 mev (93.5 percent)
and;h;éll_mev.(e.? percenti},é-Razzhr(alpha energy 5.681‘mev),7 and‘Th228
(akpha energy 5.418).8 The pulse analysis curves for Razz.'6 do not agree with'

the nresently accepted intensities of the two groups. The values determined

in .this .work.are. 95.2 percent for the 4,795 mev group and 4.8 percent for the

4.611 mev group (Fig. 4).

.:The polonium.samples used. for measurementxnerevproduced\by deuteron and
proton bombardment. of bismuth. Polonium was separated as described above.
Elateslforgpulse,analysisvmeasurements wereﬂprepared}by'distilling the polonium
from .one.platinum plate to.another platinum plate about one-half inch distant‘
in air. . A collimator restricted the activity on the second plate to &n area
15 mm in diameter '

The energy callbratlon was accompllshed by measurlng the ratio of energy
to channel width for the reglon of 5. h18 to 5 681 mev, u31ng Th228 and R322h
as standards (Flg 5) The same ratlo was then measured in the reglon h 795

226

to 4. 611 mev, w1th Ra as the standard (Flg. A) The values determlned were

22. 8 kev/channel at the hlgh energy range, ard 24.2 kev/channel in the low

energy range. The mean value of 23.5 kev/channel was used in the determinatlon
08 '
of the alpha energles of Po2 'and P0209. A smnple contalning-Po lo,“Pozog,
20 5 - N
and Po 7. was then run on the pulse analyzer The Po210 was used as an abso-

208, o 209

lute energy standard, and the number of channels separatlon of Po and Po

from PozlLO was measured. Usmg the value of 23.5 kev/channel, the energy of

M. G. Holloway and M. S. Livingston, Phys. Rev. 54, 18 (1938).
JféRosenblum;lGuillotlQand_BastinfScoffier, Compt. rend.. 229, 191 (1949).
?d. H. Briggs, Proc. Roy. Soc. A 157, 183 .(1936). . )
8. B. Lewis and B. V. Bowden, Proc. Roy..Soc. A 145, 235 (1934);

recalculated according to reference 5.

N
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Po was determined as 5.103 mev and the energy of Po as 4.865 mev (Flg 6)

The uncertalnty in energy from the callbratlon amounts to 6 kev for P0208

l3‘keﬁ'for P09 With the enefgy-cf Po208 now standardized, it was ﬁéé&;”with |

210; as & standard for the determination of the 9 day Po206 ag 5.21 * 0,02

2 7

Po
mev (Fig. 7). , which has a 5.7 hour half-life and extremely low alpha
branching ratio (~10_h),-was'a more difficult problem, but samples'wefe prepared
by proton bembafdment of thin bismuth foils which were about, one4ha1f'P0207 by.‘
aIﬁHa'éétiﬁity. Pulse analysis (Fig.’8)'of'the3e samples shpﬁed that the Po207
alpha particles were identical in energy with those of P0208, within experimental
error.? The results ef'theée measﬁrements, togethef:with some values from opher
sOufees'aS'indicéted; are iisted in the table below. Also:teﬁuiated afe the

decay energies, which include the recoil energy of the daughter.
. i

TablevI
- Isotope - = Half-Life . Alpha Particle : Alpha Decay
Energy (mev) ~ Energy (mev)
_ Po?0 11 min ‘__ s.e.t0.03 5.96
| Po?°1 ) 18 mint, ~5.70 2 0.03 . 5.82
P22 ‘52 min i 559 1 0.03° 570
_Po20?& v “L7_mip _ (not yet observed). _
P2 3ewr 5372000 sug
P09 1.5 5.2 2 0.10% 531
.P920é  9days 5.21 20.02 5.31
o207 5 he 5.10 ¥ 0.02 S 5.0
Po208 2.93yr  5.10% o{oz B 5.20
- po209 200 yr 4862002 . 14.95
po20 '

138 days = 5.298° - - 5.40

8Reference 3; bVa.lue changed sllghtly because of new value
for Po206; Creference 5. '



-7 UCRL-1091

.., The alpha decay energies. of the polonium isotopes listed:inriable I are " .

plotted against mass number in Fig. 9. The points for even-even nuclei fall _ .

_very_well,pn,a:smooth‘cu:ye_with little. curvature and small. slope in the region

]
belqw_thejabrupt_changeqassociated,with:the_effect oﬁhlzéjpeut;ons. Of the "=

fourteveg—cdd isotopes, two and:probably a third are below this curve. This

greater regularity of the eyen—even,nuclei and the negative deviations of.

eme946ddﬁisotopes with regard‘tc alpha decay .energy can be noted in most cffthe‘

0
curves for even elements,9”AOf these pgloniurg,isotopes,c,nly_\l_’o2 9»deviates more

than O.1 mev from the curve, and the.slope of the curve is relatively smallj .. .

. consequently, it is expected that,estiyates,of the alpha decay. energies of , .

203 Po 1'99' 198

»,Po ", . etc., obtained by interpolation and extrapolation of this .

curve are rather‘neliable,sﬂ; S ; L ,_},G B
The polonium isotopes have abnormally small alpha decay rates compared

to heav1er elements, if thelr nuclear radll are assumed to be normal Perlman

P LEE ,
and Yp51lantls.> have calculated the dev1atlons of radius necessary to account
for the decay rates of some of" the even-even polonlum isotopes, and have shown

that the deviaticns have some regularity, with espeCially large deViations at

210 208. .

Po and Po Qur data indicate that’the lightef isotopes coﬁtinue to have

these reduced radll, but the alpha decay rates are dlfflcult to determlne be-

cause the decay of these 1sotopes is prlmarlly by electron capture Our present

values are based on uncertaln estlmates ‘of electron capture countlng efficiencies

or on guesses of cross sectlons and are not of sufflclent accuracy to warrant
presentation at this time. In several of these cases'the alpha brauching
fraction and thereby the alpha decay rate can be obtalned more rlgorously by

callbratlng the electron capture countlng eff1c1ency agalnst another alpha decay

o

9Cf. Figf.l@ Perlman, Ghiorso, and Seaborg, Phys. Rev. Zz,’262(1950).

-lOI.dPerlmaniandfT.,J.'YpsilantisgsEhys.'Rev..zg,‘BO (1950). .

e

P
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process, such as of an astatiﬂe pé}eﬁﬁdéf a related bismuth radioacfivitj,‘ Suchv

experiments are in progress in this laboratory.
We are indebted to Mp. J. T. Vale, Mr. G. B, Rossi, and the cyclotron

crews who carried outZfﬁe-ifradiétions;on-the'Iéﬁ-iﬁdh‘and'60—iﬁch éyblé%fbhé;
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., LIST OF ILLUSTRATIONS

T A
Figure

1. Pulse analysis curve showing Po’\ and P°201 | f

2. Electron capture decay chains for masses 201 and 200. . . .
R Tl RS e S T e
.. Half-life of polonium parents obtained from yield of T1 and T1 .

‘ 226
Pulse analysis of Ra standard.

224 standards.

: 3 .. 20
Puls€ analysis of Pozlo, P0208, and Po 9.

3
4
5. Pulse analysis of Th?28 and Ra
6 o }
7. Pulse analysis of P0210, P0208,.and P0206;
8. Pulse analysis of Po-', o200, ané_P0206,

9. Alpha decay energy vs. mass number'curve for light polonium isotopes.
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