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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 prlvately 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 Callfomla
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.ABSTRACT "

" The formatlon and stabilization of varlous oxldatlon statos of actlnide .
p031t1ve ions in Can crystals is descrlbed. Paramagnetlc resonance and opti-
cal spectra are reported for divalent Am and trlvalent Cm in th(be crystals.
Tetzavalent Cm and Pu formed as a consequence of the 1ntense alpha radlatlon,

are 1dent1f1ed by thelr optical spectra.
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INTRODUCTION S B

(3

Rare earth ions are staﬁilized‘in the divalent sﬁate in crystéls 6f élka—
line earth.haliéés,(lS) This oxidation state is USually:fqrméd 5& reducfion of
.the trivalent“rare éarth ion to the divalent form by one of three mgthods,.gamma
irradiation of the crysta;s,(;3) solid stafe electrqusis,(k) or alkaline earth
. metal reduction,(9) The last two techniqﬁes are more efficienfvsincé‘underisome
conditions all of the trivalent rare earth iohé cén be réduced. ;Recently we re-
_.portéd the‘sﬁqbil;zaﬁion @f divalent Am in CéFZ, the firgt well characterized di;
valent actinide.(3) In this péper we will briefly réfiew the Am work and summa-
rize our'further attempts fo‘find other divalent actinides. . We will also repoft
3+ '

on the paramagnétic reSonénce (PMR) spectfa of Cm”" in Can,

Experimental

The actinide-doped single crystals of CéF2 were grown by the Bridgman-
._Stockbarger technique. A concentrated solution of the actinide in 10-50N of

‘weak HNO3 solutiﬁn was bipeted onﬁo a powdef1of Can containing 2th. % PbFz,
vwhich had beén placed in a carbon crucible. The-crucible aﬁd sample were then
placed in a furnace, melted under vacuum, and then the crucible waé lowered

'slowly through the hot zone.of the fﬁrnace. PMR measurements were‘takén at &.ZOK
and loK at a frequency. of approximately 9.0 Gc/sec with a éuperheteroa&ne spectrom-
eter; Optical meaéurements wére made at room temperature apd 770K with a Caryv'

- Model No. 1k spe¢trometer'and a Jarrell-Ash F-6 spectrometerAusing photographic

plates.

Results and Discussions ' o ' S

..

Am in CaFZ. Crystals grown with Am are light pink initially. On stand- e
ing for periods of weeks to months they darken to a brown color. The initial ab-

sorption spectrﬁm_shows lines characteristic df trivalent Am, Figure 1lb. .As the
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vcrystal darkens due to radiation damage, new broad bands grow in as shown ‘in

- Figure la. Figuré'lC'shows the spectrum obtzined from an electrolytically re-

duced cryétal; The orlgln of these new broad bands is probably due to £ tod
trénsitiohs of divalent Am. The crystals which haverdarkened show at hOK and loK
a six line isotopic PMR spectrum which is éssigned to the 6 crystal field state

7/2 (f7) electronic conf:cuxatjon of divalent Am in cubic bymmatry
2&1

_ Slnce both Am and ZUAm havc nuclear spins of 1»5/2 the line is split 1nto

six hyperfine components. The measured parameters of the spin Hamiltonian
e - =

H= gBH* S'+ AI*S

for Am2+ in CaF,, are given.in,Table I. The g value calculated for the T g Crys-

2
e ' 2+ . . ) (11)
tal field state of Am using wavefunctions given by Lea, Leask, and Wolf

the Lande g’ falﬁe taken from atomié beam data on atomic Am(lg) is h;5i7. The
agreemenf.befﬁeen experiment éhd_theory is vefy satisfactory. |

'After the crystals have aéed for several Weeké.or longer, on heating to
abouf'500oC they emit an intedse green thermoluminescence chayacteristic of tri-
valent Am in non éubic sites. .Figﬁre 2 shows the emission spectrum of this thermo-
luminescénce photbéraphed.aﬁ SOOOC and the absorption spectrum of trivalent Am
'takgn at 77OK.‘ There is a shift in the centers of the lines due to different
crystal fields at.thé.two ﬁemperatures but tﬁe emission is clearly‘from‘ions:in

sites that are the same as those which cause the absorpiion spectrum. This type

of thermoluminescence has been observed in rare earth doped CaF, and a reaction

mechanism has been given.(8’1u)
.12&}j;§£l:2§§2- Cryétals grown with Cm are initially Pale'yeliow or almoét

éolorless_after annealing. Because of the damage due to the high'radiaticn level
they are rose colored after one hour. After 3 -4 hours the color has cnwnbed to

Burgundy red, and in about 15 hours the erystals-are coal_black. At all tempelxtur
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- the characteristic oranﬂe\glow of Cm3+ is present which is due to_emission from

crystal field levels of the first excited electronlc state down to the ground

Aelectronlc state. The change in color of the crystal is due to the growth of » '
- a broad absorption band centered at SOOOR w1th about a ZOOOR half w1dth Be-
sides this broad absorption band which grows in with tlme, there are a number of '
relatively'sharn lines which start to appear after annealing. These llnes have
“been asslgned to th+ in the Can crystal. Flgure 3 shows the energy level dia- - . :

3+ by

and_Cm in the CaF, crystal. For comparison we show the data of

2 .
' Gruber and Conway on Cm3 in LaCJ3 (6) and the data obtained by Keenan on'Can.(()

~ gram of Cm

Trlvalent rare earth or actlnlde ions can be 1ncorporated in the alhallne_
earth halides in sites of various symmetrles. Since the crystal as a whole must
be electrlcally neutral charge compensatlng ions must also be present. The o
arrangement of these charge compensatlng jons about the rare earth (or actlnlde)
crlon determlnes the symmetry site of the 1mpur1ty ion and its crystal field splitt-
ings. The most common symmetry sites present in these types of crystals are cublc,
tetragonal,and trlgonal (15). The sites present are dependent on the way the 7
crystals are grovn and annealed;(5) In_our Cm - Can.crystals we find trivalent
" Cm in the cubic site and in two different trigonal sites. A
| v'Preliminary values of the g tensor in the two triéonal sites are'given in
* Table II. Also included is the value for the cubic_site._ In all three sites the
_ crystal field spllttlng is large end at- 4° K and 1 K we see only resonance lines
- from the ground crystal field”state. The g Value fer the cublc site is, within
experimental error, the same as divalent Am in CaF and therefore the' F6 crystalf
field state is the lowest for this ion also. - This g value also agrees w1th the-
tvwork of Abraham, Judd and Wickman on Cm3+ in LaCl (l) |

- The number of‘absorption lines we obtain from the th+ depends on the

temperature'at'mhich radiation damage takes place. . If,'after annealing;,the
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.crystél is kept-at room temperatﬁre'more absorption lines’are found than when
thé crystal'ié placéd‘at’77oK; ‘More diffusion of charge compensating ions takes
'place in the cryétal at the higher temperéture with the consequen?é that moré,
syﬁmetry_sités>§ppear.: | - |
Pu in CeF,. ’Crystaiswgrown Qitﬁ ?39pu are light blué in appearance and
A'graduaily change to a'deepér blue in periods qf months. Crystals with 238Pﬁ',
-changed to a deep dgrk‘blﬁe'in a few days. .Optical spectra'of"the'tfivélent‘,

239Pu - CaF crystals shows three groups of sharp lines and a number of groups

(10)

2

of diffuse lines. This result is similar to that of Lgmmermann and Conway
who found in the Spectra of trivalenﬁ Pu in La ethylsulfate only three grbups of
sharp lines. The center of the three groups of sharp lines of Pu in CaF, agree

with the centers of the three sharp line groups in the ethylsulfafe crystal

238

within 300 cm-l. In the 3 Pu - Can crystal, two types of absorption lines

appeared with time after annealing the crystal; broad bands of ~100% half-width
B o . ) ’

and sharp lines of ~lA half-width. We have considered the sharp line spectrum

separately from the other steucture and assign it to Puh+ in the crysfal.‘ i

Figure % shows an energy level diagram of'Pub'+ in various diluénts.” The

(2) Lt

first column is the data of Cohen on Pu in 1M HCthf Because we felt the

b+

- agreement with our data on the Pu'’ in CaF2 crystal (column 3 in Figure 3) was

~

not conclusive, we coprecipitated approximately 10 wt. % Puh+ with CaF2 and took
the optical spectrum of the precipitate in a mineral oil mull. ' This data is
shown. in column 2. The agreement of the mull data with the crystal data is quife .

sétisfactory.v_Thelbroad bands are most l@kely due to color centers formed in

‘the crystal or associated with Yo' impurities. However the broad bands formed in

238

the Pu - CaF2 systemvshow.no correspondence with the broad band fprmed in the

Cm{Can-systemf
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If thé 23.8Pu - Caﬁz.crystal after annealing is kept at 77OK,_no sharp:
lines:appear‘indicafing’that no ?mu+eis formed-et this temperature{ However
the broad bands do appeaf.which give the crystal a different shade of blue
than that which appears at:room'temperature. Again this result must be due to
the diffusion of Various séecies-which can or cannot take place in the crystal

dependihg on the temperature.

CONCLUSION

Omr results show that as expected Am is the actinide element ‘which forms
the dlvalent ox1datlon state most ea31ly In our attempts to form d1Valent Pﬁ
and Cm we found 1nstead sharp line spectra due to the tetravalent state. Our
experlments do not exc]ude the pos31b111ty that divalent ions of these elements
are formed because we do not have an unamblguous methodAof detectlon. However
_in our attempts to make dlvalent ions we have found 1nterest1ng SOlld stateb

'chemical effects due to the high level of radlatlon in the crystals.
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TABLE I

An®* in CaF,, s' =Yz, 1=5/2

g = l&.h90 b3 .002

A x 10° (emd)
241

Am o 1.837 £ .002
243 pm .81t .00z
A (Z“lAm) = 1.009 + .00

& (3am) '

Spin-Hemiltonian parameters of Am2+'- Can.
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e . TABIE IT.

cen®t incaF, S = /2
Cubic Site
g = Lh.h92 £ .002

~ Trigonal Site I -
By = 3.4 £.02 g = 6.88 + .02

Trigonal Site II
| & ='.v2.‘69 + .02 :g4 = 5.91 £ .02

Spin Hamilﬁonian.parametefs‘of‘Cm3+ v‘Can. ,

Ny



Figure 1
la)
lb)

lc)
Figure 2
| Top -
Bottom -

Figure 3

Figure 4
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FIGURE CAPTIONS

Optical spectrum of a radiation reduced Am2+—CaF2 crystals
Optical spectrum of Am - CaF2 crystal after annealing.

Optical spéctrum of an electrolytically reduced Am2+.-'CaF2 erystal. .

Emiséion spectrum of a radiation reduced Am?+-CaF2 crystal at ~500°Co

Absorption spectrum of Am3+—CaF2 at 779K.

Energy level diagram of Cm3+ and th'+ in various matrices.

A Energy level diagramvof Puh+ in various matrices.
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