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A STUDY OF 66-SEC ISOMERIC STATE OF 22'2Ac

Kari Eskola'
Lawrence Berkeley Laboratory

University of California
Berkeley, California 94720

"ABSTRACT
An isomeric state of “2°Ac with a half-life of 66%3 sec has been discovered -
in'bombardments 6f lead with 18O ions. The isomer decays preddminantly by alpha- -

particle emission and has a compléx spectrum with major alpha-particle groups

8t 6.46 (28), 6.71 (81), 6.75 (156), 6.81 (274), 6.84 (108), 6.89 (15%), 6.97

(8%), and 7.00 MeV (15%). Evidence for the decay of the isomeric state both

by isomeric transition'(<‘lo%)_and by electron capture (~1%) is presented.

| T. INTRODUCTION

‘ The similarity of both alpha;parficle energies and appdrent half-liveé
6f nuclides in‘the.lead.regioﬁ with fhose inlthe heavy:actiﬁide or trans-'
actinide région'ié well knowﬁ, BécauSe-feaction Cross sections are‘tyﬁiéaiiy
highef by several orders of magnitﬁde for reactions induced in lead by heavy
ions in cémparisoﬁ with those induced'in“heavy actinide targets, the pfesénce of
even minuté quéntities'of lead gives fise to activities that interfere with the
interpretation of alpha-particle spectfa from heavief elements. Trace quantities

of lead are almost inevitably present in heavy-element targets. Thus a_detailed

' knowledge of the'decay properties of alpha-active isotopes produced in heavy-

ion bombardments of lead is essential for the study :of the heaviest elementsf
Results of an extensive survey of alpha-active isotopes between lead and uranium

have been reporfed‘by Valli and Hyde et al. in a series of articles.l_8 The
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66-sec alnha-endttlng isomeric state, 222Ac, reported here uas discovered'as

261.. 9

a byproduct of a study of Rf.

Earlier studies of ZZZA 10-12 have been carried out by producing the

1.8-min 6Pa in bombardments of thorium with high-energy deuterons and follow1ng

its alnha-decaJ tnrough the chain 226Pa - 22zA'c'--_ZlABFr-- ZlhAt - 21031{ By

use of recoil’collection method’Meinke etfai.lz'were able to separate 222Ac
from its'pareﬁt,'226Pa; and obtained & value'of's.s + 0.5 sec for its half life.
With eimilar techniques but using AuQSi'surface-barrier detectors;

McCoyl3 associated two alpha-particle groups, one at 6.998 MeV'(9h%) and the

other at 6.952 MeV (6%), with the decay of the 5.5-sec 222 ., We have assigned_

the 66-sec alpha-activity'with a complex alphaeparticle spectrum to 222'm.l\c by
showing that the alpha particles are promptlyifollcwed by 7.87-MeV and 8.81-MeV
alpha.particles of shortélived 2lBFr and ZIuAt.
IT. EXPERTMENTAL

- An approximately 100 ug/cd? lead‘target of* natural composition and
.plated on a Be.foil‘was used in the éxperiments. The target was bombarded by
16O and l80 ions accelerated by the Berkeley heavy 1on llnear accelerator. " The-
energy of the 10.k4 MeV/nucleon particles was‘adjusted by a stack of Be metal-_
foil degraders and thevenergy of tue particles scattered from the target at‘an
. angle of 300 was measured by a solid-statevdetector.v
The experlmental technlques and apparatus used have been descrlbed in
" some detall in References lh and.15. A gas jet was_used-to collect and transfer
the reaction recoil atoms from the v1cinity of the target onto a tertically

-mounted wheel. The wheel was periodically rotated 45 to place the accumulated

recoil products next to & series of perlpherally mounted Si-Au surface-barrler



-3- R LBL-232

ctectors to measure their alpha-particle spectra. There were seven detector

joF

stations along the peripheryvof'the wheel with uséigeparation between adjacentv
stations. At each detector station there:were fouf detectors: = two movable
ones which aiﬁefnately faced the wheel or were shuttled to face one of the two
stationary aetectors in eff-wheel position. This arrangement made it possible
to observe the decay of dauéhter_alpha activities»withdut interference from the
mOther,activity in a seriesvof genetically-felated alpha activities. .

o Alphe-decay events reeorded by the‘detectors were ampl;fied by modﬁlar
units developed in our laboratory, proeessed by a PDP-9 computer and stored on
IBM tape. Each wheel<cycle and shuttle period was divided intolfOuripime‘sub-
groups of eQuﬁl length. Besides the pulse height,'a detector identification
signal, wheel eyele and shuttle time subgfoups, the whee; position, and the
fime of occurrence of each event.with eg accuracy of SO.milliseconds were
recorded. | |

III. RESULTS
The 66-sec alpha activity'has been observed in bombardments of - Pb

15

targets with,both'l60 and 18O ions and a Bi target with N and l80 ions. Recently

the activity has also been observed by Eppley et al.l6 when bombarding Th and‘U targets

by 5-GeV protons from the Bevatron. The series of alpha-particle spectra‘dis—

played in Fig. 1 resulted from bombardment of the Pb target with 97-MeV 18O

.ions. Most of the activities belong to members of alpha-decay chains origihating

from Ac and Ra ieotopes. However, it is readily seen that the 7.87-MeV apdf

8.81-MeV peaks assigned to Zl8Fr and 2lhﬁt, respectively, decay with a half-life

of about & minute instead of the 5.5—sec‘half-life'expected on the basis of the

222

known half-life of Ac. This suggests‘that‘there is an isomeric state in

either 218Fr or its precursor, 22zAc, that feeds the ground state of 2;8Frl‘ The
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1

. dec a\ of the 7.87- MeV alpha partlcle ‘group 1s shown in Plg 2 A half-life‘of
G5 * 3 sec is derived for the activity by a least squares analysis.'

A search fbr e possiblelﬁrecursor to the»7.87-MeV alpha-particle
activity naturelly leads to a closer stﬁdy of the.cemplex cluster of peaks:in '
the 6.5-7.0 MeV energy reglon, where one would expect to flnd an Ac alpha |
enditter with a half llfe of a minute.( As shown in Fig. 1 the 2. 2 mln leBl,

213; 21 3 221 223,

Ra and its EC daughter 3S-sec- Fr, 30-sec Ra, 2.2-min ~““Ac-

255

2 . 7"!’L"Ll'l
Fm also cdntribute tqkthe,alpha-particle_spectrumvin this'energy.
255 '

, FmAWaS'produced in unrelated bombe™~dments preceding the one

and ZQFh
regibn. The
resulting iﬁ the spectrum showh in.Fig. 1. To single'out the coﬁtribution of
the péssiﬁle 222A¢_alpha‘actlvity from a host of ihterfering aeﬁivities, we
leoked for time~correlated alphé—deéa&.efents where an alphaéparticle was
folloﬁed:within 50 milliséconds by an alpha-particle in either the 7.87-MeV

or 8.81-Mev.peak; The.alpha-particle spectra resulting from the search ere-

. pldtted lﬁ Fig; 3."Acéidental_eorrelaﬁions'dﬁe.tb a high-counﬁing rate haﬁe Been
aecounted fbr by subtractingifrom‘the'ebbve correlations the ones where e.
7.87-MeV or 8l8l-MeV alpha-partlcle.preceded,an alpha particle in.fhe 6.4-7.1 MeV
range. \On the left hénd side in Fig. 3 the‘eorrelatioﬁs deteeted at the first
statioﬁ,vor.within the first'60'seconds‘aftef the irradiation, are plotted ip
four'l5-éec time subgroups. To the righﬂ'these same counts are summed up in

the first.speetrum and the threevspectra underneath arise_from cofrelatedvevents
found atethe‘fhrée succeeding stations. Thevfast aecaying compdnent'ihitheli
prominenf 7;Ol-MeV‘§eak is associated with the previously known 5.5-sec alpﬁav

222
act1v1ty of Ac. The rest of the complex alpha-partlcle spectrum is assigned

to the new 66 -sec isomer of 2zzAc. ~The energies, intensities and hindrance ;

factors for alpha-particle_gfbups coﬁtributing to the composite sbectrum are
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presented in Table I. The shape of the 7.87-MeV_2l8Fr peak was used as a

standard when resolving the spectrum into its componehts. The hindrance factors
were calculated using-the gpin-independent (4 =‘O) equations of Prest_or_l.l7 A
value of 9.29 fm was chosen for the radius parameter R. |

The alpha-particle spectra recorded"by che movable detecﬂors when in
the off-wheel position combined w1th the spectra recorded by the stationary
dPtcCtOF" faning them provided 1nformation as fo which of the two 1somer1c
lerels of Ac lies higher. The number of counts observed in the 7.01-MeV
'peak at che!seven detector stations were 60 30 17, 8, 6, 2 and 2. The
distribution of these same counts by the quadrants-of the 60-sec shuttle period
was 111,_11,>2.and 1. On the basis of the‘two_distribufions we obtain a half-.
life of 5 + 1 seconds for the 7.0L-MeV activit;f, and a half-life of 65 + 1
seconds for its_precursor. .The interpretation of these results is that the
66-sec metastablexstate also decays by gamma—ray emission and feeds the 5.5-sec
state, which probably is the ground state. As a resuvlt of the recoil energy
imparted to the residual atoms by the gamma rays or associated conversioo
electrons, part of the etoms are transferred onto the detectors facing the wheel
and their subsequent decay by alpha-oarticle emission is observed in the off-
wheel position.
| The ratio of counts;ettributed to the hb-sec zeam, in the spectra
recorded in the on—wheel‘position to the counts in the 7.01-MeV peak recorded
in the off-wheei position was approximately 40O:1. On the otherkhand a cel;
culation taking into account the effect of detecﬁor geometry and timing conditions
gives a value of 12 to the ratio of isomeric transitions to oﬁserved alpha decays
of the ground stete. On the ba81s of the calculated and observed ratios, we

obtain a lower limit of 3 * 1% for the decay of the 66-sec metastable state by

isomeric. transition. However, because the transfer efficiency of the recoil
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atoﬁs onto the detecters facing the wheel after the 1aomer1c tranultlon 10:
" not known, but certalnly is less than the 100% assumed in the calculaflon, fge
actual branching for the decay by isomeric transition is certainly higher than
this 3% lower limit. An upper limit of 10%. can be set by comparing the:number - ‘;
of counts in the YQOiPMeV éeaka_in Figs. 1 and 3. a ‘7. |

Ih addition te its decay by alphafparticle andigamma-ray emiasion, the
66-sec isemer’also seems to decay by Eb to the levels of 38rsec 222p, . The
evidence fof such.branching bj EC is again obtained.from the spectraarecefded in
the offrwheel position. The number of counts obServed 1n.eitherfthe 7,13-Mev
peak.of-2 8Ra or the 7. 68-MeV peak of hPo at the seven stations were 52':217
16, 10, 4, 3, and 1. By quadrants of the 60-sec shuttle period, these counts
were distributed'ae:29, 38, 2&, and 20. By the former dlstrlbutlon, the half-
- life of the précursof.is_6h + 10 sec, and.by the latter; the half-life Of'the
”daughter isvso i'ls sec. The precursor half- life agrees well with that of the

66—séc 2y and the daughter half- life is in accordance: with the 38 -sec zzzﬁa.

The 6. SS-MeVralpha-partlcle'group of 222Ra was masked in the daughter spectra

by the promlnent 6. 62-MeV group of lB1 and- only the descendants of Z?BRaHWere'
ea51ly distlngulshed,
Approximate values of 0.7% and 2% of the lower and upper limits for =

‘branching by EC were obtained by comparing the observed number of counts in the

kW

7;13—MeYJpeak both in on and off-wheel positions with the‘observed number of

countS‘attribuﬁablé to 222m.Ac. |
Because the event times vere ohly measured with an accuracy of 50

milliseconds, an accurate half-lifé'measufement for the daughter, 218Fr, was

not possible. However, a value of 0.7 + 0.6 msec was deduced on the basis -of

the observed ratio, 0;019 i'0.017;'be£wéen those pairs ofvevents_ﬁhere ZZZAC and
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218Fr alpha decays followed each other within the same 50 msec interval and

those where the tWovévents were recorded in two consecutive‘SO,msec intervals.

There seems to be a.discrepanéy'of some 1--40 keV betweén.the alpha-

particle-energv-valﬁes reported in this work and those given by McCoy.lJ Thus -
222

‘we have found the energies 7. o1, 7.87, and 8.81 MeV for the 5.5-sec Ac,

0.7-msec dlBFr and 2-usec 2l hAt respectlvely, while the correspondlng energles

of McCoy are 6.998, T7.845, and 8.777 MeV. Our values are based on the analysis

21k

of the spectra by SAMPO compﬁter progrza.xnl8 uéing the 7.136-MeV Ra and 8.675-MeV

215Rn as internal energy standards.h’7

‘The relative cross sections for some of the more prominent reaction
products in bombardments of the lead faréet by'l8O ions.aré shown in Fig. L.
Because éf.the natural isotopic ¢ompositioh of the lead target, several reéctions

may substantially contribute to the production of an isotopé. The predominant

component in each case seems to come from the most abundant isotope, 208Pb, in

the target, i.e.,.frOm the reactions 2O8Pb(180,3n)223Th, zo8Pb(180,p2n)223Ac,

208Pb( 0, 93n )222m Ac, 208Pb(180,an)2213g, and 2O8Pb(l80, th)ZIZmPO.

The cross section ratio of the 66-sec state to the 5.5-sec state of

2 : .
22Ac was measured to be 3.9 £ 0.5 for the 97-MeV l80 ions. The isomeric ratio

was found to be relatively constant near the peak of the cross section curve.
It was not studied more closely at lower bombarding energies because of the low
yieldsQ

IV. DISCUSSION

Of the earlier studied isotopes of actinium only 216Ac has been found

6,19

to have an alpha-emitting metastable state. The isomerism is caused by the

close proximity of 9 and 1~ states, which are members of a multiplet arising

from te (2g 9/2) (1n 9/2) single-particle configuration. No evidence of the
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existence of a similar high-spin isomer‘in_ZIBAc\was seen by Torgerson and
Macfarlane ? in their recent study of the odd proton, N = 127 isotoncs.
Borggreen et al. also did not find eny direct indication of the existence of
, . 218 220 ’ U , . o
isomers in Ac or Ac in connection with their studies of protactinium.

.1sotopes with mass numbers 222 -225.° Tt thus seems that this particular type

of 1somerism is confined to N = 127 {sotones.’
A possible explanation for the preSence of a long-lived.alpha—emitting

isomer in zzzAc‘is-deriVEd fron the Nilsson model level scheme. Borggreen and

his coworkers8 observed that the alpha—particle energies_of N = l33'isotones

" Were systematically lower than expected on the basis of the regular behavior'

in neighboring isotones. They suggested that this anomalous trend‘might be
caused by the occurrence of some indiv1dual particle level of high spln.v Such
a level could well be the 13/2 [6061} level predicted to be favored by the 131st
and 132nd neutron in the recent level scheme calculation by S. G. Nilsson :

et al,zO However, for the scheme to be applicable one has to postulate the =
onset of stable ground-state deformation for the nuclei_in the region of A

near 225‘with deformation parameters €.~ O.z.and €, = -0.0k. The coupling»of
l3/2+[606T]—neutron with the odd proton, which according to the calculations
should occupy 3/2 [651T] level, would provide a high—spin1multiplet that‘could‘
be the source of the 66-sec metastable state. An applicatlon of the Gallagher1
MOSZKOWSkl coupllng rule gives a spin of S for the lowest state of the spln .

V)

On the basis of the measured isomeric ratio it seems likely that the W

-66-sec level hes a hlgher spin than the 5.5-sec level. Although the cross

sections for the production of the two isomeric states are relatively small

a more detailed study of their properties by use of alpha gamma and alpha-
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conversion electron coincidence measurements is feasible and could provide

valuéble information on the applicabiiity of the Nilsson‘model ievél-scheme
in this transition region.: A careful search might also reéult in disc¢very
of similar isomeriém in neéfby odd-odd isotopes. |
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FIGURE CAPTIONS

1. A series of alpha?particle spectra produced by bombardments of Pb with l80

icns. The individual spectra show the total of counts recorded at cach of the
‘seven stations 5y the two movable detectors when[facing tﬁe wheel. The sum

of thé éeven spoctfa is plotted‘topmost; :The'wheel-stepping iﬁterval,_the
iﬁtpgrated beam reéding and the:bombardment‘onergy aro'indicated in the figﬁre.

2. Decay of'the 7.87-MeV alpha-particle group associated with 0.7-msec ?l8Fr.

The 218Fr is feplenishéd byvthe,alpha-decoy-of zngC, the half-life of which

is thus giVen’By the décaylcurvé. The firot point is above the curve beoause

of a contribution from the 5.5-sec ZZZAQ( | .

3. The sﬁectrﬁm of»alpha-decay'eVents whioh were followed within 50 milliseconds
by another oient recorded at either the 7.87-MeV or 8.81-MeV peak. The e?ents
observéd at the‘fi}St detector station are displayed in four consecuti&e 15; |
sec subgroupo inithe left haod side of the figure;' To thevright the cofrelated

: eveﬁts‘from thevfirsé fOuf stations are plotted. | |

k. Excitation curves for some of the activities produced in the bombardments

of. Pb by 18O-ions.
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TABLE I. Alpha-particle groups associated with the dééay ofithe 66-smc 222"‘Ac.
. »
Aipha—Particle : ' . Intensity o : Hindrance
enerey ' . v_ factor
[MeV ] | % - |
6.&6 ¢_0.02 o | 21 13
6.71 % b.oz . : 8 4 33
6.75 £ 0.02 o : 15¢5 25°
6.81£0.00 Cerr10 S 2 2%
6.8, + 0.02 10 iv5_' 85.-
6.89 £ 0.02 - | L 15%5 85
6.97 + 0.02 83 310
7.00 £ 0.02 1555 220

S

~/
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