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DISCLAIMER

This document was prepared as an account of work sponsored by the United States

" Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not’
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the

University of California.
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. THE ALPHA DECAY OF 2'Am

D. J. Gorman aﬁd.F§ Asero

Lawrence Radiation Laboratory o
- University of California =
Berkeley,‘Callfornia 9LT20 .

August 1970

Abstract: _ ‘

:Alpha decay has béén observedeio the odd%odd nucleus QhoAm.
Three elbha groupe were observedkwith erergies of.5.378r;001,
5.337£.002, and 5. 2861’003 MeV. The brenohing ratio for these
three alpha groups was determined to be 1. 9 x lO % The ground

state of the hoAm is composed of 5/2 -»[523] proton and 1/2 + [631]

neutron qua51part1cle states with resultant sp1n ‘and K of 3, and

odd parity. The favored alpha decay proceeds to a rotational
236 o |

band in Np based on the same state.

239Am 1 we

o : L
observed for the first time alpha decay in the odd-odd.nucleus 2 OAm. The
239

During the course of experiments on the alpha decay of

americium was initially prepared by bombardlng 200-300 mg of Pu fluoride

with 18 MeV deuterons in the 88—1nch cyclotron at the Lawrence Radiation

Laboratory, Berkeley. The plutonlum used contained 51gn1f1cant amounts of
2kl . 2k can - , -
Pu which deeays to ~ "Am with a 13.2 year half-life. As a result, the
only initial evidence of alpha:parficles from 2l}OAmwrra.s-.a broadening of fhe
5.389 MeV alpha peak of 2hlAm.l

To confirm that this broadening was indeed due to alpha particles from

o) L - ) .
OAm we undertook to prepare a sample containing much less 2 lAm. Plutonium
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‘was obtained containing 99. 9737 39Pu and with only 0. 00017 21*]"Pu The
plutonium was purified by adsorption on an AG-1 anion. column in lOM HCl 3
After elution with lOM HC1 to remove any americium present the plutonium was
eluted with lOM HC1 - 0.1M HI, 3 and converted to the fluoride by addition of
- o , v

Approximately 200 mg of the dried fluoride was 1rradiated with 18 MeV

deuterons for a total of h21 microamp hours. The 1rrad1ated sample was

dissolved in concentrated HC1 and H3BO3 : The plutonium was adsorbed on an
AG-1 anion column in 10M HCl.3 Lanthanum carrier was added to the efflueut,

and the americiumjwas purified hy'taking'itdthrough a‘La(QH)33— LaF3‘cycle.h
The americium was separated from the lanthanum on an AGQSOrcation coluun'with
20% ethanol—saturated HCl solution.h After further purification on another
anion column (to remove traces of plutonium remaining) and a cleanup column5
the sample was vaporized onto platinum.
The alpha epectrum was'therved over a period of several days with a8
6 mm Au-Si surface barrier detector-with a'resolufionz(fﬁll~Width at half-ﬁaximum)
of 20 keV, and recorded in a 400 channel pulse height an&lyzer. The resultant
spectrum is shown in Fig. 1. |

'2hQAm pesaks uas followed and'they were

found to decay with a half-life of.approximately 51 hours. The 2hOPu was

The decay of the two larger-

observed to grow in with a half-life of 51 hours indicating it is_produced
20 238 | | |

from the electron capture decay of Am. The "~ Pu present is thought to
come from the electron capture‘decay of 1,9 h - 238Am, The chemistry required

about 5-6 hours from the end of the bombardment to the final separation of the

238 ' L . ' 238

plutonium. Sufficient "~ Am could remain after this time to produce the Pu

observed.




A

‘rotational constants for the proton states 5/2 + [6h2] and 5/2-— [523] in
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~ The energies and abundances_of the‘EhQAmialpha groups-are'given_in
Table I. ‘
T T R o ‘ .
The gamma spectrum of Ain exhibits K X~rays and two strong gamma rays
with energies of 888.8 and 987.51kev 6 coming from the electron capture'decay.
6,7,8

Assumlng that all electron captures give rise to one. of these gamma rays
the branchlng ratlo for the three observed alpha groups of hoAm is
1.9 x 10744, o |

Using this branching ratio andvthe_measured alpha intensities, the

- hindrance factors for theftransitions were'calculated.g' These are listed in

Tahle I. ThedSmallvmagnitude of the hlndrance factors-is\indicative'of
favored_alpha decayQIO Thehstates ofttheddaughter nucleus populated by fatored
alpha decay‘have_the same;Nilsson.quantun nuﬁtéfs;-(Km [anA]) as thejparent
state. | - | o |

To.determlne thehnature of'the states pobulated‘in.the favored'alnh
decay, the rotational constants and the energy difference between the ground
and first excited states were calculated for the different combinations of

Nllsson proton-and neutronvstates avallable; The moments of 1nertia were .

calculated by subtractioh of the even-even value (obtained from 23hU) from_the,
sum of the odd proton (from 235Np) and odd neutron- (from. 35U) values. > The
235

Np
were taken as 4.87+0.01 and 6. 09+0 .0k respectlvely | The rotational constants
used for the neutron states 1/2 + [631], 5/2 + [633] and T/2 - [7h3] were
6.04, 6. Olh and 5. 133 respectlvely,2 and the even-even value in 23hU-was

taken as 7'30':‘ The results of thls caluclatlon are sumnarized in Table II
Whlch»gives the calculated rotational constant R = h2/2cfand the ground to -

first exc1ted state energy dlfference for the two poss1ble resultant K values.
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Table I. 21’\OAm Alpha Groups

Alpha Particle ' Intensity Hindrance
Energy (Mev)T. (%) Factor - °
5.378+0.001 86.81.0 2.0
5.337£0.002 12.0%0.4 8.1
5.286+0.003 1.23%0.10. 39

1Relafive to

2_1+'1 - (

5.486 MeV) and 214,°Pu (5.168 MeV).
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Table II. Rotational constants and transition energy to first excited stgge
of rotational band for different proton and neutron cqnfigurations in 23 .

PROTON ... NEUTRON STATE
STATE |

- 5/2 + 1633]+2< 7/2 - [743]1

1/2 + [631]% .

R = L.275$0.009 R = 4.262+0.009

e

R = 3.800%0.008

| R ' : ‘
5/2 + [ek2]t 3+) 34.2020.07 © (5+) 51.120.1 (1-) 15.20%0.03

(2+) 25.65;q.05

_":(,

R-='5.18710;03h

(0+) 8.52*0.02

R = 5.168+0.03k4 -

(0-) 10.34+0.07

(6-) 53.2%0.1

R = L.504*0.030

(6+) €3.1%0.4

5/2 - [523]+  (2-) 31.120.2

(3-) 41.520.3 (5-) 62.0£0.k (1+) 18.00.1

R = the rotational constant h?/ZcSln keV.
(a) The K-value and parity of the resultant state.
(b) The energy difference between the ground state of fhe rotational band

and the first excited state calculated from the simpie rotational formula.

E = EQ-+ B‘I(I + 1)
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" Fig. 1.
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FIGURE CAPTION -

““Am alpha spectrum--smoothed by computer.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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