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New plutonium isotope: 2¥Pu
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The new plutonium isotop€3Pu, was produced by th&3U(3He, 5n)2*'Pu reaction. After chemical sepa-
ration, the 2Pu decay modes were studied usingspectrometry. The isotop&®'Pu, was unequivocally
identified by the a-decay of the chain members from its- and electron-capture daughters using the
a-a-correlation technique. The half-life f'Pu was determined to be (8:®.5) min. Ana-group with an
energy of (6.72:0.03) MeV was assigned t&Pu.[S0556-28189)03406-9

PACS numbses): 27.90+b, 21.10.Tg, 23.60-e, 25.55-¢€

I. INTRODUCTION 230,229.22p; were predicted to be about 200, 10, and[8]s
_ o ) respectively, and would be too long for this type measure-

Soon after plutonium’s initial discovery in 1941, research-ment. The half-life for 2%Pu [7] was expected to be
ers associated with Glenn T. Seaborg’s group started to eXn the range of 3 to 30 min, which is also too long for
plore the neutron-deficient plutonium isotopes. In 1951, OrthyASSILISSA experiments, but ideal for on-line chemical
[1] discovered®*%Pu, the lightest plutonium isotope known at separations.
that time, and remaining so for nearly 40 years. In 1957, Andreyevet al. [4] measured a production cross section
Thomaset al. [2] identified *¥u. In 1972, Jgeretal.[3]  of 100 nb for the 2°%Pb?®Mg,4n)2*%Pu reaction, and the
restudied the plutonium isotopes 232 to 234. Essentially,208pb(26Mg,3n)231pu cross section is expected to be smaller.
they confirmed the previous data, but provided more accuratgonsequently, we chose tHé3U(3He,5n) reaction for pro-
measurements of half-lives and-decay energies(see duction of 21Pu over the?®®h(@%Mg, 3n) reaction because
Table ). Nevertheless, questions still remain concerning thehe expected®Pu production rate was higher. In our earlier
reported®*Pu a-decay energies. In order to provide a rapidnvestigations of the?3U(3He,4n) reaction[8], we mea-
separation of plutonium, neptunium was not removed fromsyred a23%u cross section of (5:00.5) ub for 36-MeV
the plutonium fraction even though the neptunium decayyrgjectiles. This value is two orders of magnitude lower than
chains interfere strongly with investigations of the plutoniumgptained from theorpPLE[9] computer code, which has pre-
decay. ) _ ) dicted cross sections in reasonable agreement with experi-

The study of the radioactive properties of neutron-ments for neutron evaporation reactions of heavy target nu-
deficient actinides, in particular the systematicseofand  clej with heavier projectilesiorpPLE calculates a maximum
orbital electron-capturéEC) decay properties, is still of in- ¢ross section of 2Qub for the 23%Pu production via the
trinsic interest. The discovery of previously unknown iso- 233(3Hg 5n) reaction.
topes contributes to our understandingaotiecay systemat- | jight ion-induced reactions the compound nucleus
ics and half-lives, and leads to more precise values of atomigroducts have recoil ranges of only a few tensuaf/cn?,
masses, neutron and proton binding energies, and nucleffiting the effective target thickness and, consequently, the
decay energies for comparison with various nuclear modelgrodyction rate. Therefore, the approach of complete target

and predictions. Among neutron-deficient actinides, whichyissoution and subsequent chemical separation of the pro-
are characteristically unstable toward decay dyparticle

e,m'ss'on a_nd EC, such investigations can often be conve- TABLE I. Summary of decay data for neutron-deficient pluto-
niently carried out byw-spectrometry.

nium isotopes sorted by reference.
In the early 1990s, Andreyest al. (Table ) were able to

identify 2*°Pu [4] and #****Pu [5] among the irradiation Reference Pu isotope Half-life E, (MeV)
products of?°%b bombarded witi*?Mg ions. The com-
pound nucleus recoils were separated using the kinematferth[1] 232 36+2 min 6.58
separator “VASSILISSA” and were directly implanted into 234 9.0:0.5h 6.19-0.01
silicon stripa-detectors to measure their decay. This methodrhomaset al. [2] 233 202 min 6.30-0.02
provides a reliable measurement of theparticle energies, Jageret al.[3] 232 34.30.7 min 6.606-0.010
but it is not able to measure the half-life of isotopes that have 6.542+0.010
half-lives longer than the time intervals of about 0.2 s be- 233 20.9-0.4 min
tween random events in their detectors. Half-lives for 234 8.8:0.1 h 6.151
6.202
Andreyevet al.[4,5] 230 7.050-0.015
*Present address: Institut rfukernchemie, FB 15, Philipps- 229 7.46-0.03
Universitda Marburg, Hans-Meerwein-Strasse, D-35043 Marburg/ 228 7.810.02

Lahn, Germany.
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duced isotopes caught in the heavy target was used in thdaughter isotopes, their relatively long half-lives, and their
earlier plutonium investigationl—3]. These heavy targets initial simultaneous direct production prevented the identifi-
were made of either uranium metal or oxide. The recoil techeation of 22Pu. In the present study, more selective chemical
nique was developed for use in the search for short-livegeparation and sensitive-a-correlation detection tech-

isotopes, and to avoid dissolution of rare actinide targetsniques were used to overcome these experimental difficul-
Products of the nuclear reactions recoil out of the target angeg.

are either caught in thin foil§‘catcher” foils) placed close

to the target or on aerosols transported in a flowing gas

stream. A special Light lon MultipléLIM) target system,

using an array of many very thin targets, was designed by

H. L. Hall [10] to overcome the disadvantages of the short

recoil ranges associated with light ion-induced reactions. A. Production

An additional difficulty resulting from the use of the - Lo i

233(®He,xn) 2% *Pu reaction is the interference from prod- Neutron-deficient plutonium isotopes were produced in ir-

radiation of 233U with 3He?* ions. The targetfl2] consisted

ucts of other reactions, primarily, charged-particle emission. 55 23 . .
These reactions result in high production rates of neptuniu ,f U (4.2 ppm . ‘U deposited on Be d'Sk@'ie mg/cnf)
uranium, and thorium isotopes. Therefore, plutonium has t&Y Molecular plating and converted to the oxide. The effec-

be chemically separated from them, because their decay ifiVe target areas were 0.28 Erdiameter 6 mny and target

i thicknesses ranged from 48 to @@/cn? of 233U. The tar-
terferes strongly with the measurement of thedecay of ! 2. [1he
231Pu_ The main Cha”enge in tl"?élpu identification process getS were mounted on aluminum frames, which fit into the
was, consequently, to find an efficient and fast chemicalIM target system[10]. Eleven targets, 6 mm apart, were
separation for plutonium. Early attempfig1] using either —arranged in the LIM target system. The beam entrance
extraction with thenoyl-tri-fluoroaceton@TA) or anion ex-  vacuum window of the target system and the volume limiting
change to separate plutonium failed. The stringent requirefoil after the last target were 4.6 mg/érBe-foils. The 48-
ments for purity, speed, and yield could not be achievedMeV *He?* beam was provided by the 88-Inch Cyclotron at
These requirements prompted the development of a novehe Lawrence Berkeley National Laboratory. The beam en-
separation procedure based on the principle of solid phasergies ranged from 47.1 MeWab systemin the first target

II. EXPERIMENTAL

extraction. to approximately 42.2 MeV in the eleventh target of the LIM
Another challenge in studying®Pu arose from the diffi- array. The®He?* beam intensity was 8-16uA.
culty of observing the EC-branchi?®Np, the direct EC- The reaction products recoiling out of the targets were

daughter of23}Pu, decays byw-emission with only a 2% continuously removed from the production site by the
branch, thus, 98% of the EC-decay is unobservableavia He/KCl aerosol gas transport system. The recoiling reaction
spectrometry. Furthermore, the intensity of thelecay from  products stop in the helium atmosphere and attach to the
the EC-branch is only 1.7% becau$é’Pa, the daughter, aerosols in the helium streaffiow rate 3 L/min, which
decays with only an 85%-branch. The lowx-decay rate, in  sweeps out the volume behind each target. The activity-laden
conjunction with the relatively long half-lives of these iso- aerosols are transported via a 2-mm-i.d. Teflon capillary to
topes, 48.8 min and 38.3 min, respectively, makes detectiothe collection site, a manually rotatable four position wheel
of the EC-branch exceedingly difficult. inside a fume hood locade9 m from the target system out-
The complexity becomes clear by looking at the decayside the concrete shielding. At the collection site, the reac-
chains of the plutonium isotopes of interest shown in Fig. 1tion product bearing aerosols were collected on platinum
In earlier attempts, the similar-decay energies of the foils under vacuum. After a collection period of 10 minutes,
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5.157 MeV, which serves as an internal tracer, was 80 keV
under experimental conditions due to energy degradation in
the samples.

Incoming signals from the PIPS detectors, after appropri-
ate amplification and pulse shaping, were digitized to 11-bit
(2048 channel accuracy by analog-to-digital converters
(ADC) in a CAMAC crate. Detector number, ADC-channel
number, and time of detectiofin milliseconds from a 10
MHz clock) of eacha-particle were recorded in list mode.
Beam intensities, collection times, separation times, and
times for the beginning and end of measurement for each
sample were also recorded. The CAMAC create controller
and CAMAC instruction list processor were driven with
Chaos data acquisition and analysis softwad. ADC con-
version and CAMAC readout resulted in a dead time of 110

FIG. 2. Flow chart of the solid phase extraction procedure for4S for each event.

separation of plutonium from interfering neighboring elements.

D. Data analysis

the wheel-collection system was let up to air, and the wheel The data stored in list mode were sorted to prod(ae

was rotated to remove the collected sample.

B. Chemical separation

The KCI aerosol was dissolved in dilute nitric acid and
chemically processed to separate plutonium from interferin
reaction products, including neptunium, uranium, protac

histograms of the numbers of-counts versus their energy
and(b) lists of a-a-correlations between parent and daughter
decays. The list ofr-a-correlations was sorted according to
given criteria such as paremat-energy, daughtew-energy,
time of occurrence of parent decay, and time interval be-

Yween parent and daughter decay. The data for the decay

curves, which were fit with theiLbs (maximum likelihood

tinium, thorium, etc., formed directly as well as by decay Ofdecay by simplex method15] code, were obtained by sort-

the plutonium isotopes during irradiation/collection time.

ing parent-daughter correlations after the time of occurrence

The chemical separation is based on a solid phase extractiQf} the specific parent decay within a certain time interval

procedure using TEVA-resi(EIChroM Industrieg a quater-

between parent and daughter decay.

nary amine salt—a strong anion exchanger. The chemical

procedure is outlined as a flow chart in Fig. 2. The aerosol

was taken up in 5L 2 M nitric acid containing®**Pu as a

Ill. EXPERIMENTAL RESULTS

chemical yield tracer. The solution was transferred to a Identification of>Pu was accomplished by observing the
2-mm-i.d. column packed 2 cm in height, resulting in a freex-decay of members of ita-decay branch using the-a-

column value of 5QuL. The column was rinsed with 2.5 mL
2 M nitric acid, followed by 3 b 6 M HCI. Finally, 250 L
of a mixture of concentrated HCI and kNolume ratio 9:1
was used to elute plutonium by reduction to(Hy. The
eluate was collected directly on a platinum disk on top of

disk was flamed and placed on a solid stateletector. Pu-
rification takes about 4 minutes and evaporation another

minutes; thus, a total of 8 minutes elapsed between end 0

collection (end of bombardmejptand start ofa-counting.

The separation procedure will be described in detail else-

where[13]. The purified plutonium samples were assaye
via a-spectrometry. Each sample was counted for approx
mately 2 hours. Repeated cycles of collection, separatio
and a-counting were performed in order to obtain statisti-
cally significant and reliable results.

C. Detection system

Thirteen PIPSpassivated ion implanted silicbdetectors
were used; each having an active area of 300°ramd a
counting efficiency of 36%. A full width at half maximum
(FWHM) of 25 keV was obtained for the 6.062 Me¥%Bi
and 8.784 MeV ?'%Po lines of the ?Pb source used
for energy calibration. The FWHM for thé*%®Pu line at

i}

hot plate. As soon as the sample was evaporated, the samp

correlation technique. The-spectra of purified plutonium
fractions show a few sets of decay chains originating from
plutonium isotopes. The spectra shown in Fig. 3 are summa-
tions of individual spectra of 30 plutonium samples prepared
during the experiment. The first four 10-minute intervals of
e 2-h-acquisition time are shown. Within the first two time
INtervals, the decay of théPu a-branch can clearly be

Rbserved. Thex-group positions from members of tHé'Pu

-decay chain are given in Fig(8. The intensity of specific
aughter groups, 7.3 MeV o®Th, 7.68 and 7.99 MeV of
21%Ra and 8.67 MeV of'Rn decrease with time indicating
half-life in the 10-minute range. THE'Pu a-decay group

iis not obvious in the spectra because it is obscured by other

eaks. The EC-branch éfPu[daughter isotopes are shown
Ih Fig. 3(b) by indicating theira-group positionsis difficult

to identify in the singlesy-spectra due to the low abundance,
as noted above?*?Pu and the growth of ita--decay daugh-
ters dominate the spectra at all times. Comparing the inten-
sities of thea-groups from??4Th (7.17 MeV), ?*Ra (7.45
MeV), 2*?Pu (6.60 Me\) and ?2U (6.68 Me\) within the
10-minute intervals shows that thé%Pu a-decay chain is
close to equilibrium 20 to 30 minutes after the start of mea-
surement, e.g., about 24 minutes after separation. This is
indicated in Fig. &). The a-groups belonging to thé*%Pu
a-decay chain are labeled in Fig(d3.
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FIG. 4. a-a-correlations detected in the parent-daughter time
interval (PDTI) 2<PDTI<40 ms of all 30 purified plutonium
samples. Regions of correlations due to teealecay branch of
231py are indicated by rectangles. A total of 380 correlations within
the energy windows of 7.2—7.4 MeV for th&%Th parent, 7.55—
7.74 MeV, 7.86-8.05 MeV for thé'®Ra daughter and 8.55-8.74
MeV for the ?'°Rn daughter were used for the half-life analysis.
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half-life of long-lived isotopes at the beginning @fa-decay
chains.

By choosing an optimal parent-daughter time interval
(PDTI), chains of interest can be identified by the occurrence
of their specific correlations. PDTlIs greater than 500 ms can
often not be analyzed because of the increasing effect of
random correlations. Thus, the-a-correlation technique is
limited to short-lived daughters af-decay chains. It should
be noted, that, because of the 148 conversion and readout
time a-a-correlation with PDTIs less than this dead time
cannot be recorded.

The parent half-life is easy to obtain from correlation
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FIG. 3. Singlesa-spectra, the summation of 30 separately puri-
fied plutonium samples. The spectea to (d), are four consecutive

10-minute measurements. The spectra are dominated b$*tha S . .
a-decay chain members, which are indicateddn The a-decay data, because an-decay chain is fed with the half-life of the

groups of the?®Pu decay chains members are partially obscured b)parent. The half-life determlnatlon is a necessary cross check
2%y daughters. The positions of thegroups resulting from the to ensure that observed correlations really belong to the de-
a- and EC decay of*'Pu are shown irta) and (b), respectively. cay chain of the parent of interest and not to the chain of
simultaneously produced daughters, or to random correla-

tions.

An unequivocal identification of**Pu, its decay chains, Figure 4 showsa-a-correlations for PDTI of 2 ms
as well asa-decay chains in general, could only be made by<PDTI<40 ms. Dominating in this plot, as well as in the
applying the a-a-correlation technique. Figures 4 and 5 a-singles spectra already shown, is thedecay chain of
present thev-a-correlation data. Every pair ai-events oc-  23%Pu. The starting point fof*®Pu correlations is thé?*Th
curring within a preselected parent-daughter time intervagranddaughter with its groups at 7.0 MeV and 7.17 MeV,
(time interval between parent and daughter dedmyplotted  representing here the parent for the correlatiof&Th
as a point with the first everiparent energyalong the ab- (1.04 9 decays to??°Ra (7.46 MeV, 23 m$to 2'%Rn (8.05
scissa and second evédaughter energyalong the ordinate. MeV, 45 us) and further t0*'%o (8.78 MeV, 0.3us). A
Selection of the parent-daughter time interval, together wittalf-life check proved thaf®?Pu is the parent of the ob-
the parent and daughter energies, provides a powerfiderved chain.
method for identification of specific isotopes or decay chains. Nevertheless, the correlations essential for the identifica-
Measurement of times of occurrence of the decay chaintion of 2*'Pu are indicated in Fig. 4 by shaded boxes as a
relative to the start of counting can be used to determine thguidance. The starting point for this correlation chain was
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650 7000 7250 7500 7750 of 21Pu. A total of 380 correlations detected within the en-
ergy windows of 7.2—7.4 MeV for thé?*Th parent energy,
Parent Energy (keV) gy P gy

7.55-7.74 and 7.86—8.05 MeV for tifé°Ra daughter ener-
gies, and 8.55-8.74 MeV for thé®Rn daughter energy
were used in the half-life analysis. Correlations with a parent
energy higher than 7.4 MeV were not taken into account for

plot, but the area within the small box shows the important regionthe analysis because of interferences from the 7.45-MeV

3
for the unequivocal identification of th&Pu EC-branch. The cor- 9roup due to the decay oRa, a member of théSZPu
relations in this area represent the last members of 4Hp a-decay chain. The number af-a-correlations in the”*'Pu

a-decay chain, the EC-daughter #Pu. A total of 30 correlations ~«-decay chain was corrected for a minor contribution due to
were counted within the energy region of 7.25-7.34 MeV for thefandom correlations of unrelatee-decays. The number of
21%r parent and 7.97-8.06 MeV for tH&%At daughter. random correlations for a given parent-daughter pair was es-
timated by counting random correlations in which daughter
identified to be?2°Th (0.66 9, the granddaughter of*'Pu,  energies preceded parent energies. The correction amounted
whosea-decay energies range from 7.28 to 7.46 MeV. Ob-to 6 of the 380 correlations. The half-life analysis was per-
servation of the characteristic intensity pattern of theformed using MLDS[15]. The straight line in Fig. 6 is the
a-groups of its daughtef'*Ra (66%—7.68 MeV and 33%— maximum likelihood fit to the data points, and the dashed
7.99 MeV, 10 m§ decaying to?*Rn (8.67 MeV, 2.3us) lines represent a 68%-probability interval about the fit. From
proved the presence of the assumedecay chain. A half- this analysis, the half-life of*'Pu was determined to be
life analysis based on these correlations, as shown later, it8.6=0.5) min, where the error limit represents a 68%-
dicated that?®**Pu has to be the parent of the observed chainconfidence interval.
Based on this result, the correlation data were examined The initial activities for both decay branches ©fPu for
in order to see if the EC-branch 8f*Pu could be found. The the 30 10-minute collections were determined by MLDS
only possible correlation for unequivocal detection of thel15], and accordingly corrected for efficiencies, for daughter
EC-branch of?%Pu (see also Fig. JLis the correlation be- «-decay branches, for pulse pile-up in the ADC gate, and for
tween the last chain member&%r (7.314 MeV, 21 mp  €vents missed during ADC conversion and readout time. The
decaying to?!°At (8.026 MeV, 0.1 ms Based on the half- initial activities for thea- and the EC-branch of*'Pu are
life of the 0.1 ms daughte!®At, the expected correlations (5.8+0.6) s *and (51.4-15.7) s'*, respectively. The val-
should most likely be found within a PDTI of less than oneues for thea- and EC-decay branches are determined to be
millisecond. The correlation plot of this PDTI is shown in (1075)% and (90%)%, respectively, under the assumption
Fig. 5. A shaded box indicated the area of the correlations othat only these decay modes occur. The uncertainty in the
the last chain members of tfé'Pu EC-branch. Although the number of a-a-correlations from?*Pu EC-branch domi-
plot is dominated by?*Pu chain correlations, they do not nates the error limits on the decay branch intensities, which
interfere strongly because the energy limits were set fromwere calculated by evaluating the upper and lower limit of
7.25-7.34 MeV for’’%r and 7.97-8.06 MeV fof'°At. The  the initial activities.

FIG. 5. a-a-correlations detected in parent-daughter time inter-
val 0<PDTI<1 ms of all 30 purified plutonium samples. Correla-
tions of the last members of tHé%Pu a-decay chain dominate the

small number30) of detected correlations for thé'Pu EC- The total half-life for 2'Pu, together witha- and EC-
branch reflects the fact that only 1.7% of the electron-capturbranches, yielded a partial half-life far-decay of (8639
process results in-decays. min. Using the Hatsukawa systemati@, the most likely

The correlations of the-decay branch of*'Pu (Fig. 4  23!Pu a-decay energy region is 6.7-6.8 MeV. A careful
are the basis of thé*'Pu half-life determination. Figure 6 analysis of this region in the singlesspectra showed that
shows the decay-curve analysis for the parent half-life basethere is a high energy shoulder-a6.72 MeV in the region



PRC 59 NEW PLUTONIUM ISOTOPE:2'py 3091

of the 2*Pu and ?&2U groups, that is most likely due to Value and the assumption of decay directly to jfieground
a-decay of23%Pu (Fig. 3. The shoulder is masked K%Pu  state in?*!Np [7,16].
and 22, but a two-component decay analysis gives a half- The measured partiat-half-life of Z*Pu is (8639 min
life of 8 to 10 min, which is consistent with the decay of the and the theoretical partiat-half-life is 72.4 min as calcu-
daughter isotopes which are in equilibrium witi'Pu. In  lated via Hatsukawa systemati®]. An a-decay hindrance
addition, the initial activity of the~6.72 MeV a-decay is  factor of (1.8-0.7) is calculated by assuming that approxi-
consistent with those of the daughter isotopes. The possibimatea-branching to thé * ground state of?’U is about the
ity that the ~6.72 MeV activity is due to 9-mirf?®U, the  same as the 65% population of the analogous statéifh
daughter of 34-min%%Pu, can be excluded because thefrom ?*U decay[16,17. The low hindrance factor implies
chemical separation of plutonium and uranium was esserthat the observed®'Pu a-decay is a favored transition.
tially complete, so thé?®U activity should be in equilibrium The 2* ground state favored by Audit al. [7] for 2'Pu
with 23%Pu. This is inconsistent with the rapid disappearanceas presumably thé *[631] single particle state, which is also
of the ~6.72 MeV high energy shoulder, as shown in Fig. 3.the ground state of th&?U isotone[17]. Interestingly,??’U
From these data, the cross section for the production dfias also thé ™ ground stat¢7,16], indicating a level cross-
2Ipy in the ®He + 23U reaction at 42.2—-47.1 MeV was ing betweenN=135 andN=137. Therefore, the observed
estimated to be 130 nb. This cross section is only accurate t&*'Pu «-decay probably represents a favored decay directly
within a factor of three due to large uncertainties in the ef-to the ground state of>’U. This is completely analogous to

fective target thicknesgecoil range of**Pu in U;0g) and  the decay of thé?U 2 *[631] to the 2°Th ¢ *[631] ground

the gas-jet transport efficiency. state[17]. In addition, the assignment ¢f"[631] to the
ground state ir*¥Pu is in agreement with Nilsson diagrams
IV. SUMMARY AND CONCLUSIONS at N=137[16] at the deformation of,=0.183 calculated

231py was positively identified. The half-life was deter- PY Moller et al.[18]. 1p
mined to be (8.60.5) min from analysis of the Interpreting the 6.72 0.03 MeV a-group of u as de-

a-a-correlations of thé2Th, 2%Ra, and?*Rn daughters of 2 10 the ground state iff'U and using the masses ét'U
its a-decay branch. Ana-group with an energy of and “He given by Audiet al.[7], a Q-value for thea-decay

(6.72+0.03) MeV was identified in the singles spectra and®f  (6.838=0.030) MeV and a mass excess of
assigned to?3Pu. (38.270+0.035) MeV for 2'Pu were calculated. The deter-

The ratio of a- to EC-decay was determined to be mined mass excess is in good agreement with the evaluations

0.11+0.05. Assuming no other decay modes occur, theOf 38.430 MeV by Audiet al. [7], 38.310 MeV by Mdier

abundance of the- and EC-decay modes were evaluated oSt al. [1%]3' 38.330 MeV by Dusseét al. [19]. The atomic
be (10f§)% and (9(1?)%, respectively. Although the seem- ][nass of**Pu was calculated to be (231.04108.00004) u
) . X : s rom our experimental mass excess value.
ingly more intensex-decay branch dominates the identifica-
tion process,?**Pu decays primarily by EC. The reason for
the small number of events in the EC-branch, which can be
seen via thex-a-correlation technique, is the low abundance  This work was supported in part by the Office of Energy
of only 2% for thea-decay branch of the first EC-daughter, Research, the Office of Basic Energy sciences, Chemical Sci-
ZINp. ences Division, and the Office of High Energy and Nuclear
A logft value of 5.3 was calculated for the EC-decay of Physics, Nuclear Physics Division of the U.S. Department of
Z1py from the predicte@gc of 2820 kev, based on masses Energy under Contract DE-AC03-76SF00098. We also wish
given by Audiet al.[7], and the experimentally determined to thank the Alexander von Humboldt Foundation for pro-
half-life. This logt indicates that the EC-decay 8f'Pu is  viding partial funding for Dr. Carola A. Laue and the Ger-
allowed withA7=no andAl1=0,+1. Thes™ ZPuground man Academic Exchange Service, DAAD, for the financial
state proposed by Audit al. [7] is consistent with this lo ~ support of Ralf Sudowe.
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