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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 HYfERFINE STRﬁéTURE ANOMALY OF 2hlPu ANﬁ 239Pu AND THE -
| | NUCLEAR MOMENT OF 2‘'pu’
S -N. Edelstein
{ .
. Lawrence-Radiation Laboratory
b : ' ‘University of California
Berkeley, California 94720
}: * September 1970 |
The hfs anomalyvof an é electron for the 2&1 239Pu 1sotopes is shown
to be 2kl 2239 = 6. 3 + 0. 2% The value for uN(ghlPu) is found to'be
':aQ.?lB £ 0.017 nm.
The hyperfinejstructure (hfs) cbnstgnts'for a number’ofvlevels in the
v Pﬁ I and Pu II optical spéctra have been meésured by Fabrnyerétvinterferometry
for the isotopes Mlp, (1= 5/2, 2 = 9%, A = 147) ana “Fpu (1 = 1/2, & = 145)
[1]. The measured ratio of the hfs constants differed from that found earlier
by Bleaney'ggngl..[Q] in electron paramagnetic resonance»(gpr) experiments of
2u1’239Pu02++ (Pu VII) diluted in a crystal of UORD(NO) 5. In the course of
fENDOR and epr measurements on 2h1,239,, 3+ (Pu IV) in CaF, [3] this ratio has
beén remeasured. - The data from tﬁe various measurements“arévdollected in
Table I.
R ,r' | In:a reécent analysis of.thé hfs of Pu IV in CaFg'[h] it was shown thatl'
}  approximately 5% 5f the tdfal'hyﬁerfine interaction comes from unpaifed s elec-

" trons through the mechanism of core polarization. The ground configuration of

Work performed under the auspices of the U. S. Atomic Energy Commission.
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 Pu.II, f6s, is fairly pure and can be descfibed by coupling the two lowest levels

of -the f6 core (7F ) with an s electron and then mixing these two J'= 1/2

0,1 :
states [5,6]. The hfs of the J = 1 level of Pu T (£°s?) has been shown to be = .
extremely small (7], so almost'all t?e hfs of tﬁe gréund state of Pu II can bét ,?
_éttributéd to the s electron. VTherefore the difference in the hfs ratios betwgen ]
the opticdl measurement of the iowesf level of Pu II and the résonancé measuré;

2h1A239

ments .of Pu IV is attributed to the hfs anomaly of the s electron [8].

The hfs spiittings of the ekcifed states of Pu I and Pu IT listed in Table.I
:also are probably due to s.and pl/2 electrons but sinée many close lyiné con—:f
figurations interact further discussion is dependent upon the detailed anélysisf
of thé opﬁical spectra'[s].- Varyiné the percentage s electron contribution tQi
239,

the total hfs constant will cause changes in the hfs ratio of 21u}?u to Pu.

This may be the reason for the discrepancy in the ratio between Pu VII and

Pu IV.

Since the s electron contribution to A(Pu IV) is small

2kl :
Pu IV) ~ gI( Pu) ) ’ o ‘ . ' (l)

Pu IV) gI(239Pu)

A(2hl
239

| A(

Then the hfs anomaly is

239 :
Pu IV) _
ST 1= -6.3 % 0.2% . (2)

Pu IV)

(2hl
239

Pu II) . A(

Pu II) A(

2h1A239 _A
'A(

The Bohr-Weisskopf theory- [8] allows an estimate of 2h1A239 assuming g, = g ?g %‘
'(heutron), 8y = %—, and thercoefficient b = 5.5% extrapolated from their tablef ' L

Then

. - g.8¢ : o
217239 = g, 3p 82 S -~ | -5k . (3)
€578y gr(“ “Pu) g ("7"Pu) ,
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The agreement between the theory and experiment is 'surprisingly good, which
‘was not true for the stable odd—heutron isotopes of Yb(Z = 70, A = 101,103) (9].
- A better value'for.uN of 2hlPu may be calculated from the hfs ratio,

239

Eq. (1), and uN( Pu) = +0.200 *+:0.004 nm [10]. The new value for

’ uN(zhlPu) = -0.718 * 0.017 nm where the sign is obtained from the optical data.

I wish to thank J. Conway and M. Fred for many. valuable discussiocns on
the optical spectra of Pu I and Pu II and'W. Kolbe and G. Kaindl for .their help

and advice.
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|3L7 |+ 1 gauss

Taeble I. Hfs constants for varibus'levels of Pu ions.
Ion Level A . A(ehlPu)I(ghlPu) Reference
' (em™ ) (1073 ety A(?39Pu)1(239Pu) :
Mol 1 23766 -58.25 + 0.2 :
239 : -3.367 £ 0.02 -
~7pu I 23766 86.5 + 0.2 |
2hlp, 11 0 . -167.3°% 0.5 | |
SRR e -3.362 * .02
239Pu II 0 248.8 + 0.5
Ml 1T 22038 3271 |
‘ o © - 3.4 % 0.2
[239Pu 11 22038 48 + 1 '
ey v 0o ~ |b.807 % 0.010
239 . . ‘ |3.590]+ 0.010 -
7Py IV 0 - 16.695{+ 0.003
Moy v11 0 |245 )% 1 gauss | |
; - 3.53|% 0.02
239, vi1 0
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This report was prepared as an account of Goverfiment 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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