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.. 1.· .. Introductiol\ 
I. 

/ \ 

In the 1~t ten years s'cve1:a1 in~estigatiohs 011 the decays of nucli<l;s 
'from the· 225Ac ~quilibrium decay chain .(Fig. 1) l~ave bee~ 'publislwcL -. 

'• N~w dat,/~n th~ structure~of the 217 At, ~13Bi, 213Po and 209Pb nuclei close 
to. double magic' 208Pbhave been gained. It is expected tha"t the 22.5 Ac 
a-dec~y studies ca~· i·eveal some new information 011 the .. presense ofthc. 
st~tic octupol~ defo~mation'in th·e 221Fr nucleus. . . . · -- _ 

To study m~cleai- radiations of the.~bove nuclei, 225 Ac is separated £1:om 
229':I;'h: ·,The dil;tighter n{1clid~s·-~re rapidly ·accumulated 'in the prepa~·ed. 

·.· \' sourc~. \Complex •a~,. /3- ·and -~-radiation spe_~tra: ,and relatively short half-
lives of the· daughter nuclei hinder th,e identification of-specific ti-cinsitions · 
with.the de·cay of ap~ropriate iniclei from the 225Ac thaixr. :. . • .. . _ 

. _ . The fine structu~e linesfo the 221 Fr a-decay ;were ide'ntified .byLiang [1 J 

. • 

:..• 

• 1 _ as l~e i~ivestigated the' 225 Ac a-recoil .nuclei a:-spectruni with the. magnetic -· 
, , ' / . ' • ' I •• - • • . ' 

. 'spectrograph. AI'.disson et al. [2,3] developed and used fast radiochrmirnl: 
1nethods for sc'paratiou· of213Bi, 209Tl and 221 Fr nuclei anclin:vestigatiotr of ; . 

\'their ')'~Spectra, Sheline et al._· [4] ~nd Gromovet al.· [5~8] confirm~d the 
belonging· o(-y-:tr·ansitions to tlie 2,25 Ac, 221 Fr _and 217 At ~ecay-in (a,- -y)-

. coincidence experiments. . . - ' --- - -' -. . . , · - -. 

· · But some problems.still require caieful studies ~f the weak componcntsi · 
ofthe;221 F~/217 At and 21313i'a~sp~ctra>For example, _· . '. ... _' •.. : . 

~- Liang' [1], when st~dying tlui :C:Np~ctru~.ofrecoil nudii froiu the 
225 Ac source, obs~rved ~ weak line with E0 ·;=: 6037: keV,' J0 , '= ·o.QO3 

;! ,% per decay: -~:nexcited'~_17 At le_vel with energy 310 keVand /". = 
·: (13/2+)is introduC:ed on this .basis. [l,4;6]; U1{likc, the case with other 

levels introducedon tlie basis
1
ofthe 221Fr fine structtfre o:-lines [1], 110 

· -y-transition~ fr.om the 310 ke V lev~l-are ~bser;ed. It is not impossible. 
· that th~ 6037-keV line is:not' as~odated with•the. 221 Fr.a-decay, l~ut 

,vith the~ ii~~lecay o'r _the datighter 217 At.m~cJeus ~a.the 1050 keV-lcvcl 
·or 2.13Bi, and, therefore,. this line ~an. be found in the a-spect.rum of 
217 At. ,. . ' I \ ' 

: - . ' ' ' •, :. ' . ' ' ' . \. ' . 

- Ardisso~ et' al.' [2) assuri1ed that 'the 868 k~V 20~TUevel is excited in. 
•' , '. ,, •, ', . . ·. , 

the 213Bi a-decay. The' sum intensity of tli~ 868 and 545 ~eV -y- rays 
from tl~is level was determined to be O:O3 .. % perdecay. Accordingly, 
the fin~ structure a-li~e, with E0 =;=5O18 kiV and :.!0 =0.03 %; should " 
b~ observed:in the ·a-spectrum of 213Bi. · · . . . 

', • • • ;, • • '·' • , : ' • ' r ,· • ' • • 

- Cliumin ct aL [7J,'studying (
1
a -. ,)'-ioi~cide:nce intli~ ciecay of _225 Ac' 

. · . . _,,· . . 
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Fig. 1. Decay chain of 229Th to 209Bi 
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Fig. 2. Block diagram of the experiments for a-spectra investigation 
using an o:-recoil: once (a) and twice (b). 

S - 225 Ac source, Cl and C2 - collectors of recoil nuclei, D - o:-particle 
detector, RN - recoil nuclei 
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and its daughters, observed the coincidences of 150 keV 1-rays with 
E

0
15o=6612 keV a-particles of 221 Ra, resulting from the /3-decay of 

221Fr [1]. Thus, the observation of the 221 Fr /3-decay [1] was confirnH'<l. 
Its intensity was redetermined as (11±5)-10-5 decays. It is of intc•n•st 
to confirm this result in direct a-spectrum measurenu,nts. 

- Chumin et al. [8] found the 217At a-decay to the 213Bi 7G9 keV lewl. 
The a-line E

0
75g (217At)=G322 keV, .!0 759 = 5.10-:3 % is dos(' to thP 

221Fr a 0-line (E0 0 = 6341 keV, .J00 = 85 %) and was observed only in 
( a - 1 )-coincidences. It is worthwhile to confirm these data in direct 

a-spectrum measurements. 

In the present paper the weak components of the 221 Fr, 217 At, and 213Bi 
a-spectra are studied. The phenomenon of recoil in a-decay is used to 
eliminate the contribution to these spectra from the ct-radiation of mothn 

nuclei. 

2. Experimental set-up 

The main source of a-radiation was 225 Ac separated from 229Th hy th<' 
technique "The isotope generator of 225 Ac" [9]. The 225 Ac source activity 
was about 20 mCi. The 225 Ac activity was electrolytically deposited on 
a tantalum foil and then vacuum evaporated on an aluminum foil. Small 
thickness of the resulting sources provided a considerable ( up to 30 % ) 
yield of recoil nuclei. To study a-spectra of the recoil nuclei, the 225 Ac 
source was placed in a vacuum chamber so that the detector, situated in 
the chamber, could not detect a-particles from the source (Fig. 2). The 
recoil nuclei from the a-decay of 225 Ac and daughter nuclei were gathered 
on a collector (Cl in Fig.- 2). The detector recorded a-particles from tlH' 
decay of the recoil nuclei gathered on the collector. Thus the a-sprctrum 
of the 221 Fr and daughter nuclei free of the contribution from n-particl<'s 
of 225Ac was provided (from here on it is called the 221 Fr a-spectrum). 

To have the 217 At a-spectrum the a-recoil phenomenon was used twice. 
The detector was placed in the chamber in a position where it could not 
''see" both the 225 Ac source and the first collector. The rrcoil nuclei from 
the a-decay on the first collector were gathered on the second collector. 
The det(•ctor recorded a-particles from the decay of nuclei on the second 

collector (Fig. 2(b)). 
A Canberra Si(Au) detector ( diameter 10 mm, FWHM 15 keV) was usecl 

to measure rt-spectra. The 221 Fr and 217 At decay spectra shown in Figs. 
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3(h.c ). arc comparnl with tlH• n-s1wctn1111 of the 225 Ac and daughter nuclei 
(Fig. 3(a) ). :\'ote that th<' widths arnl forms of the o-lin<'s from the decay of 
<liffor<'nt rmdid(•s an' different. This is IH'ca ust> part of th<' rmclPi resulting 
from the n-<lPcay lH'nNrate into thP col!Pctor material, ,d1id1 hroadPns the 
n-lines of these nndei. That is ,d1y th<' nmTowest in spectrnm Fig. 3(a) 
li1l('s belong to the n:;Ac decay. in Fig. 3(h) to the 221 Fr d<•rny. and in Fig. 
3(1') to tlH' :!1

7.-\t <lPcay. ~oh• also that sinn' thP recoil 1mcki !<>an• th<' 
:!:!:;Ac somTe or thc> collc>ctors "·ith ;l rdati,·dy high yidd. tlH' m1111l)('r of 
<leca~·s n·<·orde<l p<'r timP unit "·ill h<' not constant for diffrr<'nt nH'llll)('rs 
of the nr,Ac de('ay chain. It d<'<T<'asc>s "·ith increasing nmnlwr of n-d<'cays 
leading to formation of th<' llll('kns in <1uc>stion from 22"Ac. Th<'refon,. thc> 
rdatin, int<•nsitiPs of n-lin<'s from th<' decay of nuclei with tll<' same mass 
nmulwrs W<'rc us(;d in the analysis of th<' result giYPn in Tahks 1 and 2. 
Th<' rdatiw inh'nsiti('S ~f n-lines wen' tak<'n to lw proportional to their 
an'as. i.<'. th(' dficiency of the detector was taken to lw constant in th<' 
<'ll('rgy inkrval E0 = 5.0-;- 8.5 I\fr\·. 

3. Experimental Results 

Th<' rnmparison of the 221 Fr and 211At spectra (Figs. 3(h.c)) "·ith 
tlH' s1wctnm.t of th(' n 5Ac and danghtn llll<'lei (Fig. 3(a)) all<m·s one to 
l'stimatp the clegn'<' of their purity from n-racliation of mot hn nndei. In the 
217

At 11-spectrmn the E00 =G3-!l keV 221 Fr lirn• is ohserwcl. Its intl'nsity is 
5-10-·

1 
.J 011 

217
At. Thus thP inwstigations. whosp results ill'<' displ.H'cl in Fig. 

3(('). an' equivalc>nt to the inYestigations with the mass-s<'parat<'<l sonn·<' of 
211

At (32 ms) with th<' 221 Fr impurity of tlH' order of 5-10- 1. To <'rnhrnt<' 
tll<' 

22
" Ac impurity is mon• diffi('nlt l><'nmse the 11-lin<'s ( E,.

0
(2 2~' A(' )=5830 

k<•\· ancl Euo( 21
:
1Ili) =G870 keV) are too dos<' in <'ncrg~·. But it rnn he said 

with nmfidence that tlH' intPnsity of th<' E00 ( 225Ac) lin<' in tlH'S<' sp<•dra is 
he low ;j. lQ-·1. 

Table 1 giws the results of th<' analysis of the sp<•dra from Figs. 3(h) 
and (c). 
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Fig. 3. Alpha spectra of: 
a) n:;A(' au<l <laughter nuclei (exposition io8 h); 
h) ,:nrr aucl daughter nuclei ( once recoil nuclei, exposition 270 h); 
c) 217 At and <laughter nuclei (twice 1w:oil nuclei,exposition 182 h). 
Compl<'x line: E0 ( 221Fr) = 6341 keV and Ea-759 ( 217 At) = 6322 keV is 

shown iu th<> insert 
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Table 1. Intensities of the a-lines of the 217 At, 213Bi, and 213Po decay 

En<>rgy, keV Intensity per cent 
Levels a-particles Present paper Other publications 
21, At _. 213Bi 

0 7067 >99.9 >99.9 
258 6814 0.038(4) 0.036(3) [8] 
(465) 6609 - 0.010(5) [10] 
593 6485 0.022(2) 0.021(2) [8] 
759 6322 0.012(6) 0.005(1) [8] 
(1050) 6037 <0.002 (0.003) [1,10] 
213Bi _. 209Tl 

0 5869 2.05(3) 1.94(11) [10] 
324 5549 0.153(3) 0.16(3) [10] 
(868) (5018) <10-4 (0.03) [2,10] 
213p0 _. 209pb 

-

0 8376 97.76(3) 97.91(3) [10] 
779 7614 0.0030(2) 0.0047(5) (10] 

Note: Energies of alpha-particles and levels are from references [1,2,8,10]. 

- The 217 At a-spectrum: Intensities of the Ea-258 = 6814 keV and 
£"593=6485 ke V lines are in good agreement with the results of the 
( a - 1 )-coincidence experiments (8]. The Ea = 6341 ke V line (Fig. 
3(c)), whose main part we attribute to the 221Fr decay (see above), is 
a complex one. Its decomposition, shown in the insert in Fig. 3( c ), 
allowed us to determine the intensity of the new Ea-759 = 6322 ke V 
line ( a-decay of 217 At in the 759 keV level of 213Bi). It is la759 = 
(12±6)-10-3 % and agrees with (8]. The intensity evaluation of the 
Ec,=6037 keV line does not exclude the possibility of assigning this 
a-line to the 217 At decay. 

- The 213Bi a-spectrum: The measured intensities of the E 00 (213Bi)= 
5870 keV and Ea324 (213Bi)=5549 keV lines agree with the known ones 
(10]. The measured upper limit-for the intensity of the Eas6s=5018 
keV line appeared to be 100 times smaller than expected from (2]. 
Thus, the assumption that the 209Tl 868 keV level is excited in the 
213Bi a-decay is not confirmed. Note that in their later paper [3] the 
authors of [2] attributed the 868 keV ,-transition to the 213Bi _.209Po 
/3-decay, but did not abandon the earlier assumption that the 868 ke V 
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level is excited in 209TI. Accordingly, in the 1996 TablP of Isotopes 
[10] the 868 ke V level in 209Tl is preserved. 

- The 213Po a-spectrum: The measured intensity of the Ea77s( 21:3Po) 
line agrees with the known data [10]. 

Table 2 gives the results concerning the ;3--decay of n 1Fr, 217At and 
213Bi. 

Table 2. Intensities of the 221 Fr, 217 At, and 213Bi ;J- -decay 

Nuclei /J-decay 
Present paper Other publications 

221Fr ( 4.8±1.5 )-10-5 (11±5)-10-.s [7] 
211At (6.7±2.4)-10-5 (12±6)-10-5 [1] 

213Bi (0.9776(3) 
<5-10-5 [7] 
0.9791(3)[10] 

-
221Fr-: In the 221 Fr a-spectrum very weak lines of 221 Ra arc ohserved. 
The Ea150= 6612 keV line is the most distinct. This line was earli<'r 
attributed in the 225 Ac decay chain to the 217 At decay [10]. Its belong
ing to the 221Ra decay was proved in [7] by observation of coincidPnces 
of this line with the 150 keV ')'-ray, and is confirmed i11 the presmt 
study by the fact that 221 Ra a-lines are displayPd in the 221 Fr spec
tnun and are not observed in the 217At spectrum. In the 225Ac decay 
chain 221 Ra results from the /3-decay of 221 Fr. There is not another 
explanation of the 221 Ra presence in the 225 Ac decay chain. Using 
the 6612 keV a-line intensity we determined the intPnsity of the 221 Fr 
/J-decay branch to be ( 4.8± 1.5)-10-3 % in agreement with the result 
of [7]: (11±5)-10-3 %. Now that the 6612 keV a-line is ascribed to 
the 221 Ra n-decay, there are not experimental data for introduction 
of the 213Bi 450 keV level in the decay of 217 At [10]. 

-
217At: In the 217At 0:-spectn1m, (Fig. 3(c)) the £ 00=7741 keV, 
.lao=lO0 % 0:0-line of 217Rn (T1;2=0.54 ms) is observPd. This 217Ra 
is formed both in the 221 Ra a-decay and in the /3-decay of 217 At. 
The intensity of the 217 At /3-decay branch was calculated as a dif
ference between the £ 00 =7741 keV line intensity in the spectrum of 
Fig. 3(c) and the 221 Fr /3-decay branch intensity found above. Th<' 

8 

vah1<' (6.7±2.4)-10-5 1wr decay doPs not contradict tl1<' up1wr limit 
<ktnmin<'d in [7] and earlin investigations. 

- 21 :1Bi: Tlw intensity of the :n:im n-decay detPnniunl from the ratio 
of the o-liu<' ,U('as in the spectrum of Fig. 3(c): 

Sao( 213 Po) 
S

0

0(:n:IPo) + S 
0
(21:lBi) + S (21 3B-) = 0.9116(10). 

o • n:l24 I 

is in agn'emPnt with the known vahw [10]. 

4. Conclusion 

The usP of tl1<' n-n'coil ph<'UOlll<'llOH to stmly n-spPl'tra iu tht' 2r,Ac 
P<1uilihrium decay chain has allmwd us to fr<'<' spectra iuwstigated from th<' 
n-radiatiou of motlH'r uuclei and to gain n<'W or mon' reliable experinwutal 
<lata 011 tl1P iut<'nsity of W<'ak components of t hes<' spectra. 

The rPseard1 of th<' 217 At n-spectrum confirms the results [8] ahout th<' 
excitation of the 159 keV levd in 21 :ini and )·idds mon' <'OlT<'Ct data 011 the 
intensity of the 217 At n-decay to the 258 and 593 keV 1<,wls iu 213Ili. It 
is estahlished that the 6612 kcV o-liue, previously attributed to the 217 .-\t 
n-d<'cay, arises from the 221 Ra n-denl)' and thus th<'n' is 110 expnimeut al 
hasis for tlH' introduction of the 450 k<'V lPwl in 21:1Bi. 

It is shown that. the assumed [2] Pxcitatiou of the 20llTl 868 keV lewl in 
the 21 :1ni o-decay contJ:adicts the results of the prPseut 21 :im n-spPctnun 

inwstigation. 
IdPutificatiou of the :m Ra and :mRu n-lin<'s in n- spectra of t ll<' nudei 

from tl1<' 225Ac <kcay chain and measur<'lll<'nt of th<'ir iuteusit)· has allmYed 
us to rq>Pat <kt<'nniuatiou of tlH' d-<krn)· intensity for 221 Fr. 217 At. aml 
21:1ni. 

The authors are grateful to Dr. V.13. 13rndauin for his iutPrPst in this 
investigation. The investigation was supported by th<' Russian Foumlatiou 
for Basic Research (Proj<'d No. 94-02-0-1828). 
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T~e alpha-recoil phe~omenonis lis~d to gain data on the weak components 

oi the ~-spectra of the nuclides from. the 225 Ac equilibrium chain. It i~ · ~stabiish~ci · 

that there i~ no experimental bits is for introdu~ing the 450: k~ Vi le~el .of 213B( 

in the 21 ~At_decay a~d the 868 kev' level 6f 209r1 in the 213Bi decay. Excit~tio~. 

of the_759 keV level in the 217 At decay is confirmed.!The intensities of the 221 Fr, . 
217 At and 213Bi p-:deca; ~re llie•;su~ed. . 
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