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AL·PHA 'IDECAY ENERGIES OF 'POLONIUlv1 ISOTOPES 

: D.' G'i'-Karraker; ·A. Ghiorso; and'D. H~ Templet'dn ·.· 
Radiation Labo~atory and Departme.nt of Chemistry 
University of-California, Berkeley, California 

January 17, 1951 '· 

ABSTRACT 
••• 1-

'··:'.' 
,_ ·~ 

'.~ J • ; { 

Two new neutron deficient isotopes of p~lonium, mass 200 and mass 201 
. j . < .. ··,•;; ~ " . ' . "•· ." 

have been identified and improved measurements of the alpha particle energies 
-~ ·. ·. :. . -: . .. . . . . .. .. . . . :: . .. .: . . .: :· ,. . .. . ,. . . , . -~ -. . . . . .. : . r ~ ,.. . . 

of polonium. isotopes _mass 206 to 209, inc~usive, are reported. 
'!.. •• :' ~ • • .,_ :· ·:·· ". . - ·: :·.. .. '. ~ : 'j 

INTRODUCTION 

', 'Since '1946; eiight ·i-sotopes' of polonium from mas·s 202 to 209 !have been 

reported;l.~3 . ·-in the ·oourse of! further Work,- we have' riiade improved ni.ea'sure:... 

ments of the energies of the alpha p·artiCles emitted ·by 'several of thes~' 

200. 201 
isotope's.-'a.'rid.by·two others.whichha:ve now be~ri-assigne'd to Po and Po· 

j .. 
: :_ .. _·· .. \.. 

".¥.. -~- ·, ; ~ " •. :=; ... 

The new isotopes were first observed in pulse analysis4 of polonium 
• '~ < '[, •• ~' ', ·r;_, , ·: ' ! ~ 11 i, ',.; 

100 mev or more. Separation of the polonium was accomplished in about 30 
;._ ": ' ,. " ~ ·.;. ·'·. ~ .; 

minute~ by d~ssolv~ng the target in HCl, adjusting the acid concentrati_o~ to 
\ .· :·.. . .. - ._, · .. :. 

* ' ' · This· wOrk wa:s performed under the .a~ s-pices- of the u. S; AEC. · :.· ·· 

1 Templeton, Howland;' arid Perlman', Phys·. Rev. 72/ 758 (1947). 
.., ., 

. }' 

~. 'L .: K-~ll;)T and E ~ Segt-'e, 'Phys. Rev. ?5, 999' · ( 1949). ' 

3n. G. Karraker and D. H. Templeton~· Phys ~ Rev·,'; in press. 

· -~Gniorsb';' Jaffey l Robinson,- 'and Wei'ssbourd, National NlJ.Clear Energy 

Serie'S.,:<Plut'ohiil!li 'Proje'ct Recdrd~ ·Vol. l4B; "The' Transu:ranium Elements: 

1949). 

. ' ~.l 
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approximately 6 molar, and ~xtracting the polonium into 2Q percent tributyl 
\ - > ··--. • ' • 

phosphate in dibutyl ether .. The organic phase, containing the polonium, was 

purified by washing it. several times with 6I•(HC1.· Samples for alpha pulse 
' ' ·.·. •·' ' 

analysis were prepared by evaporating a portion of the organic solvent on a 

platinum counting dish, then distilling a portion of the activity to a second 

disk. The chemical procedure serves to restrict the chemical identity of the 

produ·g(·t~'· ~ith~r p~lo~:i.tirn or astatine. Since, after correction for decay, it 

'"a;~; ici'Un<i th~t the 
1 

ratio of the new activities to known polonium activities 

was not changed by, partial volatilization, the new activities were positively 

identified as polonium. 

The newalpl}a acti~ties w.er:e:shown by pulseanalysis (Fig. 1) to haye a 

5.70.!!}ev.alpha.par.ticle. ~roup deqayingwith an 18 minute half-life, and.a 

5. 84 mev., group with. a .hal,f-life of 11 minutes.· , .. 
· .. • f .• •' ' ' 

Mass assignments of th~~e activitie.s were made by successive separation, 

· of the electron capture daughter activities, where the yields of the end product 

of a decay chain serve to fix the half-life of the parent of the chain. A large 

quantity of .polonium activity was prepared by b~mbardment of bismuth with 

150 ··jr;~~ protons, and the 'poloni~· was se.par~'ted and purified as previously 

mentio~~d.: '·After ~· io 'm:i.,~ute interval for ~ growth. of the bismuth electron 
.. 

captlire' daughters, the bismuth and l'ead were separated by washing the polonium 

(in tributyl phosphate solution) with 6!1 HCl •. ·Five separations were done in 

this manner. The .bismuth activities ·were al;J_owed to; decay .fpr 24 hours, .which 

h ld t k B · 201 d ·. 200 · 1 d d h th T. 1201 d Tl200 
s ou · a e ~ an B~ . · ·through the~.r ~a · .. .9:ug .. ters •to · e . . . an 

members of the electrori. capture chain (Fig. ,2) . 

The .. t~C~:llitun. was separated by extraction with diethyl ether after .oxidation 

with potass~um permanganate. The; decaJT of th.e thallium separated from each 

of the fi ve,bi smJ.Ith fractions w<3,s followed. · .. The· yields of Tl
200 

and Tl 
201 

• h 

\,,/ 
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indicate that the polon:iilin parent of'the mass ''200' chai'n·-has a "h~lf•life 'of 
l 

14 :mirtutes',. "whiJ!e the ·parent of the mass· ior· ch~in i's 21 minutes in heilf'Jliie - ·-

(Fig. 3'). ···Thus, thell rb:inute alpha-emitter ar··5:s4·m.ev eriergy 'is identified' 

as ·.rna.ss"200' and the 18-•ininute alpha. emitter of '5~70 mev is piaced ati mass '201~· 

: The' tiniing -Of •:the experiments is such 'that it- 'dbes' not matter wheth~r ' 

Po~01 decays t'd one ·or ;both ·of the' isomers o'f Bi201;~ ·we have not attempted 'to 

determine this part of the decay scheme. 

, The discrepancy o'etween the· ha:J:f.;..li ves 'de'termiried by·- chemical· separation 

and the:half..:.lives determined by'alpha countin·g is· to be expected;· since the 

~flph'a decay: 'of- the' Po2,05' and' Po?P4 known to be ~present in the polonium fract'i"or{ 

coiit'ribtites 'tci the yield of ~Tl ?OO .'and Tl 201 and·· fricrea·ses· the hal'f-1lve::{ deter..:: 

mined -by 'chemii.cal'sepatatiorrs·~ ~The half-liiles: determined by alpha· counting 

are considered to be the correct values. 
.••.•• 1· 

,_.: ~ • : 1 

.' : ~~ : 1 • I : 

MEASUREMENT OF ALPHA P~TICLE ENERGIES 

P;~~i~u;sly pubi~~~~~d ~~~J.ues1 ,' 2 for the alpha particle energ~e~ of ~o2o6:, 
207. '· ~08' ,. · ",( .209 , ' . '. ': · '"' ' ' . ' . . ; ; ·. 1 ' 

Po , Po , and Po . we~e measured on the 48-channel differential pulse 
I :: .t ; ' ) - ; I •. : • -· j .. . •. • i. ~: ' • ; \ ' ; < ' I-~ . t. .' ; ; . ~ .· ~· . . '· ' . ·, : ' .. .: :. : ... ': . .. 

analyzer4 before improv~ment of _techniques and the apparatus made possible the 
; ·•, :· ,2::' ': '!_,;; .. : :··· ·,·, ' ';·'I ''I : \ '·~- ·~·.:·- ... ,_ '• r '." 

precision of the measurements reported here. Some of the increased resolution 
; ;;- ' .. 1 ....... 

., ' ~ 

is due, to ca:r;e taken to produce thin, uniform samples, but improved design of . 
'"' . ' ; \ ~ ~-' ~ ..... -·~·. -~ ~ . ~ . . . . . .:. ::·) .. - ·. i ~--

the ionization chamber <?-n,d the preamplifier are mainly responsible for•the . 
,_ ... ·,';,;, 

improyement., At the present time., the precision of a measurement is about 
. ' l :. '. /_·. ·~: I ' ',':' .. 

10 kev, with the accuracy estimated as about 20 kev. 
) ; : ' '.1 • ; o •: I ,,:·• • ~ < ,' '.I ·, 

Energies are obtained from the pulse analyzer by. a. standardization of the 

relation of ·the< output pulse· height to the' en.e'rgy of ·the alpha Pa;'rticle ·causing 

the :trulse. This.:'relatloll- is· very 1!irie8!r over a:n.energy·-rarige·of 2 mev·or so, 

and the energy calibration 1W'ai3 ··deterrn:i:n~~d using ~as primary·· st.:fnda!rds -aipha 

emitters Who~e :alpha eilergtes :~nave 'be~n 'preV:i:ml'slj determined oy''alpha· ray 

-:.,,. · •. ; l ~-' . ,:~- "· '. 
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spectroscopy.. The primary f?tP.ndards used for these poJ,.orri:um isotopes ,were ; 

Po
21? ,(alpha energy 5.298 mev),

5 
Ra226 (alpha energies 4.795 m~:v ·(93.5 percent) 

. 6 224 . . 7 228 
and .4.611 mev (6.? percent))~ Ra (alpha ~~ergy 5.681 mev), and· Th 

(alpha energy 5 .418). 
8 

The pulse analysis curves for Ra226 do not agree with· 

the pres~ntly accep:ted .intensities of the two groups. The values determined 

in ,this :work ,~re. 95.2 percent for ~he 4~ 795 mev -group and 4.8 percent _for the 

4.611 mev group (Fig. 4). 

~The polonium. samples ·used .. for measurem~nt. were produced by deuteron and 

pro'\jot:l b.ombardment of bismuth. Polonium was -separated as _described above. 

P:La"\?e.s for..pulse analysis mea~mrements were. ,prepared, by distilling the polonium 

fr,o]fl,pne. platinum plate. to, ._ar1other. platinUll1 plate about one-half inch distant 

in air. -. A collil'II.g.tor restricted the activity qn the second plate to an area 

/ 15 nun in diameter. 

The energy calibration was accomplished by measuring the ratio of energy 

to Channel width for the region of $.418 to 5.681 mev, using Th228 and Ra224 
. ' . . 

as standards (Fig. 5). The same ratio was then measured in the region 4.795 

.to 4.6ll me~, -,;ithRa226 as the standard (Fig. 4). 
. . 

The values determined were 

22.8 kev/channel-at the high ~nergy range, arrl 24.2 kev/channel in the low 

energy range. The mean val~e of 23.5 kev/cha~el was used in the determination 

. 208 209 . . 210 208 
of the alpha energ~es of Po and Po A sample cont~ning Po , Po , 

.. 209 .· . - - • - . 210 . -
and Po was then run on the pulse analyzer. The Po was used as an abso-

lute energy standard, and the number of channels separation of P~208 . and Po 209 

210 
from Po was measured. Using the value of 23.5 kev/channel, the energy of 

,·. : 5M. G., Holl.oW£iy and M. S. Livingston, Phys. Rev. 54, 18 (1938). 

6
Rosenblum,-_Guillot, .and Bastin-:Scoffier, Compt. rend. 229, 191 (1949). 

7' 
G. fi. Briggs, Proc. _:Roy._ Soc. A 157, 183 (1936). 

Bw .. B. Lewis and ·B. •. Y ~· Bowden,: Proc. Roy •. Soc. A 145, 235 ( 1934); 
- ~ .. 

recalculated according to reference 5. 

\/ 
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Po208 was determined' as 5.103 mev ani "the. energy of>Po209 as 4.865 ~ev (Fig. 6). 

The uncertainty in energy from the calibrat~ion ~ouhts to' ·6 ke"ir for. Po208 and 

13 'kev for Po~09~ With the energy of Po208 now standardi~ed; it was ttsed; with 

Po 210 ,' as a standard for. the determination of the 9 day Po206 as ~. 21. :!;;· ·o.-02 'c 

mev (Fig. 7).. Po207 , which has a 5. 7 hour half-life and eXtremely low alpha 

branching ratio ( "'lo-4 ), was a m~re difficult problem, but samples· were prepared 

by proton bombardment of thin bismuth foils which were about one-half Po207 by .. 

alpha activity. Pulse anitlysis (Fig. 8) 'of these samples showed that the Po207 
! 'i• 

alpha particles were identical in energy with those of Po2Q~, within experimental 

error. The results .of these measurements, together with som~ values from other 

sources as indicated, are listed in the table below. Al5o tt3,.bulated are the 

decay energies, which include the recoil energy of the daUghter. 
it. 

~ ' ; ' 

··Isotope 

p0 200 

p
0

201 

p0 202 

Po203 

Po204 

p0 205 

p
0

206 

p0 207 

p0 208 

p
0

209 

p
0

210 

Half-Life 

11 min 

18 min 

·:5~ min. 

47 min 

).8 hr 

.. 1.5 hr 

9 days 

5.7 hr 

2.9) yr 

"'200 yr 

138 days 

Table I 

Alpha Particle 
Energy (mev) 

+ 5.84 - 0.03 

5.7o!o.o3 

5.59 :!: 0.03a 

(not yet observed) 

5.37 !: 0.02a 

?.21 + O.lOab 

+ 5.21 0.02 

+ 5.10 - 0.02 

+ '5.10- 0.02 

4.86:!: 0.02 

5 .298c 

· /ilpha Decay 
Energy (mev) 

5.96 

5.82'' 

5 .. 70 ,., 

5.4$ 

5.31 

5.31 

5.20 

. 5.20 

4.95 

5.40 ' 

aReference 3; bvaiue changed slightly because of new value 
for Po206; cReference 5. 
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Th~. points f,or .eY,en-even .nuclei .f~ll .- , 
• '· ; ; '- • ' : •• 1 ';'_ '· <"• •• • • ' • • ....... ." 

v~ry well_pn a, smooth curye with little. cmrvature and sma],.l, slope in the r~gio~ 
·' ·' .,. ~ ..... ' " . . . . •' ,· ! 

below. the_-~l;>rupt chan:ge, associated .with the effect of .126 Jleu,trons. Of the 

four. ev~P,-.~ci~ isot?prs, two and • probably a third a,re p~low this ~urve,- Tpis . 

g:r~~t~.J;' regylar!tx. of :the even-even n:uclei and. the negati v.e deviations of . 
. l .. ~· . : ._,~.: . :: •. . : :- ..; ::. •.. . ' ; . • ' • - . .' ' , ... . . ~ - •• 

ev;e_p.-"ocfd tsotopes with regard to a},pha decay energy, c~n be noted in most of the 
... ~.. . .• ,.'. . . . ..... ;·l ~ '· • . . . . • . . . , . . . ~:· . . . . 

c}l:t'Y7,.~ Jpf ~v~n e+,ement.s~ 9 
. Of' these .p,oloniUl'Il isotopes.only_ Po

209 devia~es ~.or!9. 
·~ t 1 .". • '• ".. •• ' .• • • • -:: <I' . ' • • • 

t .~?:~,B,P~,+-f:lev.f~m. the· ~rve, flld. the slope of the curve is relatively s~l;: .. 

c?.ns~qu_rg:tJ-y,_ it is expe~ted th'7-t. estiif/ltes, o.f. the_ alpha decay ener:gies of '·. 

Po
20?, .. Po~~9 , Po

198
, .etc~, ob~ained ~- interpo_lation and ~xtrapolation pf ~:~~,s 

curve are rather .reliable._,·' . 

The polonium isotopes have abnormally small alpha decay rates compared 

to heavier elements, if their nuclear radii are assumed to be normal. Perlman 
- · ~- ::r·o .. ~ ·· · · ~ 

and Ypsila,nti.s "'have calculated the de:iriations or.· .radius necessary to account 
•' . ,··· \ .. 

for the decay ·rates of some of· the even-even polonium isotopes, and have shown 

that the devi'iitJons have some regularity, vlith especially large deviations at 

Po
210 

and Po208 ~ · Our data indicate that the light~r isotopes continue to have 

these reduced' radii, but the alpha decay rates are difficult to determine be­

cause the decay of these isotopes is· primarily by electron capture. Our present 

values are based· on uncertain estimates of electron capture counting efficiencies 

or on guesses C>r ·cross sections. and are not of sufficient accuracy to warrant 

presentation at this time. In several of these case's the alpha branching 
;, . 

fraction and thereby the alpha decay rate can be obtained more rigorously by 

calibrating the electron capture counting efficiency against another alpha decay 

9cf. Fig •. l, Perlman, Ghiorso,and Seaberg, Phys. Rev. 77, 26 (1950). 

1 Dr. PerLman .and T. J. Yp.silantis,. Phys. Rev. 79, 30 (195·0) . 
.. ' ' 

. : 

., 
.. 

\ 
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process, such as of an astatine pa~ent ()f a related bismuth radioactivity.~ Such 
- ,,_ . 

experiments are in progress in this laboratory. 
. , .. 

vle are indebted to Mf. J. T. Vale, Mr. G. B~ Rossi, ~nd the cy'clotron 

crews who carried out the· irradiations on the 184-inch and 60-inch ~yclotrons. 
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Figure 
~··'· •·:· .. 

2. Electron cap-~ure dec,;1y cha,.ins for masses 201 and 200 . 
• :·:~ i" ·.'.~:·~~ .:~.r .r·:. ·-:-.. : ~ ·;··.~:.:.·""" ~ .··•·· .. ~. ~ .. , ·.: ·' :, •. : : .. · .... · ~ ·. :. ~ .• . , .'.~'!' . 

Half~life of polonium parents obtained from yield of Tl200 and T1
201 

226 
J. 

4. 

5. 

6. 

Pulse analysis of Ra standard. 

Pulse analysis of Th
228 

and Ra224 standards. 

Pulse'. analysis of p 210 
0 ' 

p 208 
0 ' and Po209. 

7. Pulse analysis of p 210 
0 ' 

p 208 
0 ' 

and Po206. 

8. Pulse analysis f p 207 
0 0 ' 

p 208 
0 ' and Po

206 
.· 

9. Alpha decay energy~· mass number curve for light polonium isotopes. 
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