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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 watranty, 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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~ of the entire lanthanide series have been stabilized iﬁ_crystais of CaF,.

stabilized in CaF. has been‘Am

passed through the rod until the CaF
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FORMATION AND CHARACTERIZATION OF DIVALENT EINSTEINTUM IN A'CaF2 CRYSTAL -

N. Edelstein,AJohn G. Conway, D. Fujita, W. Kolbe and R. McLaughlin.

Lawrence Radiation Laboratory -
University of California '
Berkeley, California 94720

March 1970

-Although no compounds of divalent actinides have been isolated, tracer

e 1 '
chemistry experiments and interpretation of charge transfer bands in the

‘visible and Ustpectral range2 indicate that actinide elements with 2 > 97

might form a chemicaily stable dipositive oxidation state. Dipésitive states
. . 5

HoWevér,_thé oniy dipositive actinide ion positively identified as being

+ : - '
5 2 .h We now report the identification by

, : : + , '
electron paramagnetic resonance of E52 (Z ='99) in CaFé.

(v 3mg) to which had been added 2 wt. % PbF,_ was placed

Powdefed CaF

2 2
in the centerFOf a spectroscopic grade carbon rod in which a small hole had
. . . . e 253 3+, .
been drilled. Approximately 6 ug of purified Es (tl/2 = 20.5 days) in

a volume . of i_l A HCls was pipeted onto the powder. The carbon rod was
attached to two electrodes, the épparatus was evacuated, andbcurrenf was

5 powder was seén visually to coalesce.

‘The current was immediately turned off, and after cooling for approximately

ten minutes the CaF2 crystal, now e 1l mm diameter sphere was removed. The
amount. of Es actually incorporated in the crystal is unknown. Initially
the crystalvwés-colorleés,’éfter one hour it turned medium red, and in about

3-L hours was dark red or black due to radiation damage.
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The EPR spectrum of this crystal (f ~ 35 Ghz, T = 4.2°K) consisted
of an isotropic eight line'spectrum which was fitted»to‘the parameters of a-:.

spin Hamiltonian .

with I=7/2 and §'=1/2. Because of the large Ryperfine interaction the
energy express1on given by the Breit-Rabi formula was used to determine the :

parameters; the values obtalned were |g| = 5 809 10.005  and IAI (O 1216

t 0.002) cm-l. The 11ne widths were 1n1t1ally about 20 gauss peak to peak ’

(the firet spectrum was obtalned about 1 hour'after anneallng) but contlnually
broadened due to radlatlon damage of the crystal and 8 hours after anneallng
the spectruh was too_broad to observe.:,The crystal could'be reannealed ahd
the spectrum regeherated.

Dipositive Es has the electronic eonfiguratioh outeide cloSed'shells

of Sfll with the ground state being prlmarlly hI ‘A cublc crystalllne

15/2°
field w1ll spllt the = 15/2 state into three' F8 quartets and two
7.6 For the iikely values of the crYstalline field-
parameters, either the P6 or T7 doublet should be the ground crystalllne
field state.f The calculated g—value for the 6 doublet (assumlng a pure
L . .

I15/2
value when effects of the crystalllne fleld, sp1n orblt coupllng, and co- 1u . !

- doublets, a T6 and T

state) is —6 0 whlch 1s in reasonable agreement with the experlmental

valency are con51dered o ‘: S B o | - t‘ o 4
The crystal was radlolumlnescent and more reddish in appearance at
77°K than at room temperature. Spectra were recorded u51ng 8 Jarrell—Ash

3/4 meter model 75-000 spectrograph. At.77°K the emission spectrum_cons1sted of a few

\




CL o ~3- ' UCRL-19568

[ S o L

relatively sharp lines superlmposed up@n a continuum which extended from

Tl
14

590 to 670 nm. ‘At Toom temperature the sharp lines dlsappeared and the

K
i

contlnuum extended from 560.to 700 pm " The sharpenlng of the broad band

contlnuum was respon51ble for the cplor change observed at 77°K. Intense
|
continuous absorptlon was observed at 77°K wvhich started at 110 nm and probably
represents a-tran31tlon toa f Q d_gr charge transfer state of dlpOSltlve Es.
: @ ¢ . :

The broad baﬁd,emiSsion coﬁid_resu%t'from a transitidn from this state to an
| A S
excited state of‘the T configuratﬁeni Because of the short half life of

253 ¥ .
Es the emission spectrum changeq notlceably after a few half llves

Figure 1 compares the spectrum taken at two dlfferent times. Since 253

}/

at 680 nm at a later time represent tran31t10ns associated with Bk ions.

Es
decays by o 'em1331on to . Bk (t. > f 314 4) the new features which appear
The results of thlsplnvestrgatgon show that d1pos1t1ve‘Es is more
readily stablllzed in CaF2 than the earller actlnldes (eXpectlng Am). This
evidence supports earlier workl’2 Vhlch predlcted that the heavier actinides
should have chemlcally stable dlposltlve oxidation- states.
We w1sh-to ‘thank Prefessor‘§,<p. Cunnlngham for many valuable comments

and suggestions.
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FIGURE CAPTION -

Fig. 1. Radioluminescence of CaF,_:Es. Upper curve, emission spectrum 73 days

2

after pﬁrifiéation of Es§ loWer,curvé;‘spéctrum 10 days after pufification.i
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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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