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ABSTRACT

. ‘ + -
g values of the ground I., state of Pu3 in cubic symmetry

7

= Sng, and BaF, are 1.297.% .001, 1.250 * .002, .and. 1.187 £ .00k

respectively, as measured at T = 1.2°K by EPR techniques. By fitting

the g wvalues, estimates of the crystalline field parameters are derived.

. . S ‘ : "
It is shown that crystalline field effects for Pu3 in the alkaline earth

fluorides are the same order of magnitude as in the lanthanide series.

*

Work @erformed under the auspices of the U.S. Atomic Energy Commission.



-1- ' ’ UCRL-18913

I. INTRODUCTION
In a continuing investigation of actinide ions doped-in'crystals of

the fluorite type,l we have measured the electron paramagnetic resonance

(EPR) spectrum of trivalent Pu in cubic symmetry sites in CaF,_, SrF2 and

2

Ban. Two effects have to be taken into account in order to interpret the

measured g values; the first is the effect of intermediate coupling caused
by the large spin orbit coupling energies of the actinide ions on the éign
and magnitude of calculated operator equivalent factors, the second is the

effect of the crystalline field mixing excited J - states with the ground state,

In this paper we describe our experimental results and.calculations from which

the crystallihe field parameters are approximately determined.

II. EXPERIMENTAL

239, 3+

Single crystals of Pu in CaFe, SrF2, a.nd‘Ba.F2 were grown as

described earlier.t - The EPR measurements were made at either 1°K or L4°K

" with a conventional superheterodyne spectrometer operatiﬁg at approximately

9.2 GHz; The magnetic field was produced by a 1l2-inch rotating magnet and
measured either with a proton gaussmeter whose frequency was monitored by
a. frequency counter or by a rotating coil-gaussmeter. A small amount éf
DPPH was placed in thé cavity and was used as an internal staﬁdard. The
freqﬁency of "the signal klystron was measured with a high @ ﬁavéméter.

A ﬁrivalent ion substituted in a host such as the alkaline earth fluorides

- may go into a number of different site symmetries. ‘The Pu isotope used,
- 239

Pu (t) )5

-+ : ’ . .
Pu3 in CaF, and SrF, we found that the strongest resonance was isotropic and

= 24,360 yr), has a nuclear spin I = 1/2. In the crystals of

could be fitted to a spin Hamiltonian of the type
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where S' =1/2 and I = 1/2. The parameters measured are given in Table 1.
Calculations of the hyperfine interaction are in progress and will be reported

‘ o ¥ ' '
in a future paper. The hyperfine lines of Pu3 in CaF_, were further split by

2
superhyperfine structure from3the,cube of fluorine ions surrounding the impurity
ion. ' This aspect of the problem iS-notchmpleted. The non-isotropic resonances
were much weaker and we have done no further work on them. However, we had -

~trouble growing good BaFé crystals and in a number of these ‘crystals we found.

only trigonal resonances which were fit to a spin Hamiltonian of the ﬁype‘
= g S + ' + + s 4 A + ' .
H = gBHS, + gLB(HXsX Hysy) aLs, +A(TS IySy) (2)
' We'finally obtained a crystal which, besides the trigonal'resonances, also con-

‘tained a weak isotropic resonance which could be fit to the spin Hamiltonian

of Eq. (1) with 8' =1/2 and I = 1/2. The results for BaF_ are also given

2
. ‘ 4

in Table 1. 1In all the measurements made on Pu3 in cubic sites we had to
work at the low microwave powers (ﬁ 1 pw) in order to minimize saturation

effects.
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'IIT. PRELIMINARY DISCUSSION AND RESULTS -

i

. : . . . o
The electronic configuration of Pu3 outside the closed shells is

5.

5¢°.  The optical spectrum was originally obtained and interpreted for this

ion by,Lammerman and.Convfay2 and refined further by Conway and Rajnak.3
>, The ground term is 6H which, with the
inclusion of spin orbit cbupling, breaksvﬁp into av6H

o

5/2 lying lowest and

as the first excited state. The spin orbit interacfion mixes states with

T/2
different L and S but is diagonal in J so this gquantum number is used

. o + . ,
to label the intermediate coupled states. Tor Pu.-3 in LaCl_ the lowest

3
state is J = 5/2 and the J = T/2 first excited state is at 3190 cm—l.

3+

The optical spectrum of Pu” in CaF_, shows three groups of sharp lines whose

T K ' ‘ ; . + .
centers of gravity do not deviate more than 2.5%'from_those of Pu3 in

Co2,k
1..7°
LaC 3 |

symmetry, it is an indiéation that the free ion energy levels do hot shift

2

Although we have not assigned this spectrum to any particular site

much from crystal to cfyétal. Therefore, we make the aSsumption'that the

3+

free ion wavefunctions obtained by Conway and Rajnak for Pu~ in LaCl_ are

3
the same for the alkaline earth fluorides and accordingly use them for the
calculations in this paper.
It is instructive to cbmpare'the,effects of intermediate coupling on
' 3+ .5 | 35
the lanthanide ion Sm ,_hf;, and on the actinide ion Pu™ ', 5f°. Table 2

lists the complete 28-term wavefunction for the ground J = 5/2 level of

- - ) ' h 4 . . .
both ions. The wavefunction for Sm3 was calculated from the electrostatic

- . and spin orbit parameters given by Carnall, Rajnak aﬁd F-iel_ds.5 From Table

3+

2 we see that for Sm the 6H term contributes 96% to t@e complete wave~

3+

function, while for Pu the.6H term contributes only 66%. In any
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calculation involving Pu3 we can not ignore the higher order terms. The
importance of this fact will be seen in the crystalline fTield effects.

The crystalline field at cubic symmetry sites in alkaline earth

fluorides i$ cubic, eiéht F ions.surround the trivalent ion: The_Hamiltbnian

for the crystalline field is6

Ry
P

P S N S o
H = B,(0, +50)) +B(0g -210) | (3)

Y

where Bh and B6 are édjustable parameters used to fit the experimental

. . . )

data, and the .Oz terms are angular momentum operators of the appropriate

symmetry. For a pure J = 5/2 state the sixth-order term will be zero.

Lét us now_cohsider only the, J = 5/2 state. In a cubic crystalline
7' and a quartet F8,vwith the
energy level diagram as shown in Fig. 1. The cubic field splitting of the

J = T7/2 1level is also shown. The fourth degree parameter is defined as -

"

: ] . | ,
b, =60 B = 69 Ay (r ><¢JN5H¢J j

I}

1269 By = 1260 Ag (r6 )(wJHyﬂwJ )

where (r" ’_ is the expectatioﬁ value for the f electrons, <wJ“B"wJ ) and

<wJ"Y"wJ ) are the fourth-degree and sixth degree operator equivalenﬁ factors
respectiVely and Ag and Ag may be treated as parameters or in the
approximation of the point charge model, they are the fourth and sixth degree

potentials at a particular point in theflattice resulting from the sum of all

the charges. The definitions of Eg. (L) depend on the assumption that.the

o .
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hf-wavefunction does not overlap with the electronic anefunctionsvof the
flourihe ioné. -The'obsérvétion'of suferhypérfiné structuré‘is én-indication
that this is not true. We can treat‘thé angular part'of.thévcrystalline

field inferaétion préciséiy‘by pure syﬁmetry conSiqérationsf Later we will use
the facﬁorization (%) Ag for ‘a crude estimate of the va?iation of our

Bk  parameters in going from 1anth§nide ions to*actinide'ions. from the frée
ion wa&efunctions we may calculate the fourth- and sixthﬁdegrée operator

1,7

equivalent factors as described earlier. Téble 3 lists the second-, .

fourth- and:sixth—degree (where applicable) operator equivalent factors for

+ . -+ ) . : E ' : _
3 and Sm3 for the ground J = 5/2 state and next highest state J = T7/2.

Pu
The point charge model usually gives the correct sign for the splittings in

_ the alkaline earth fluofides and for cubic symmetry AS is negative,'Ag

is positive. . From Table 3 we see that the sign of (wJﬂsan ) is positive
S L s l 3+ , 3+ )

for Sm™ but negative for Pu” . Therefore, for Sm~ ‘the T8 state should be

lowest but for Pu3- the T is lowest as found experimentally. In the case of

7
3 , the effects of intermediate coupling are large enough to changé the sign

Pu
of ‘the fourth-—-degree operator equivalént factéfband, thereby, reverse the
crystalline field energy levels in the ground J‘= 5/2 state as coﬁpéred to
the’ nfS lanthanide Sm3+. This is not‘frug for‘the first excited state
J = 7/2. As shown in Table 3, theée operator equivalent factors have tﬁe
same sign for the fsiconfiguration invthe Lt énd Sf»series.

If‘we assume that the crystalline field is ;mallfcémpared with the.
splifting betﬁeen the J = 5/2 and‘ 7/2 states, we‘may calculate the g
value éf the TY,_J = 5/2 state and find it tovbe ~-.T700. This does not e

agree with our experimental value so now we éonsidervcrystalline field
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mixing of excited J states. The correct way to calculate this mixture

would be to simultaneously diagonalize the electrostatic, spin orbit, andr

crystalline field matrix elements fbr‘the'f‘5 configuration. This would &

~

-require diégonaliiatiqn of a very-large matrii'whichtis not féasible,’so
instead,‘we,have done two calculations. In thé*fifst ca§é we calculate
‘mafrix élements for the lowest J = 5/2 and 7/2 levéls'uéing thevcomplete
free ion set of states and include érystalline field,mixing‘between these two
J 'states.' The second calculation simultaneously diagonalizes £he electro-
vstatic, spin orbit, and crystalline.fieid matrix elements for a truncated
basisféét'consisting of only the 6H and 6f terms. The,second calculation
':  gives uS‘the'wrongvspin—orbit splittihg'between the 1oﬁest two sfates but
" allows us to-estimate the error inwignoring higher J  states.

From gfoup theoretical considerations, thevcrystalline field can mix’

between different J levels only‘thbse states of the.same symmetry. Since in

the J = 5/2 level we are interested in the isotropic T state, we need

7

only consider the crystalline field mixing of the J = T7/2, F7 ‘state. We

write the mixed wavefunction as

toy -

7

+

rl - cos ¢|J = 5/2, T7

- (5)

) - sin ¢|3 = 7/2, T

and-so forth, where the crystalline field wavefunctions and states are given

in Table L.

Evaluation of the.matrix element

1> 2 il
<I‘7]LZ + 2 sz|r7>
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by:tedious but straight-forward techniques over. the complete intermediate~-.
coupled wavefunction leads to the expreséion for the ' g value of the ground
crystalline field state .

éi’ = —0;700 cos2 o + 3.25h siﬁ'¢ cos ¢ + 2.595 sin2 o . (6)
7 . : | o

3

Matrix elements of the crystalline field Hamiltonian including both the

fourth~degree and sixth-degree terms were evaluated by means of the equation

(rhasLIg_|v ]fnaWSL'J'J')'=§Z: B* (#2017 ]U(k)]fna'SL'J'J')(fuc(k)nf)
z!' ¢l v z a . z!''q z"
ksq B
' (7)
and by summing over the complete intermediate coupled Wavefunctions,8’9 It
should be noted that the Bi of Eq. (T), the relevant ones which we now
dethe as BL and B% are related to our earlier definition bylO
L.
AR o
Bh 8 Ah (r .)

‘16 Ag <r6>

.
ON-
1]

From summations of Eq. {(7), we calculate the 2 X 2 energy matrix of the

'
+

T

+

crystalline field.Hamiltonian_betweeﬁ.the J=5/2, T 7

and J =17/2, T

states:
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( + + ' SoF L et |
| hr7|vc|r7 ) . ¢<r7|vclr7_ )

+ + ’ '
<F7|véer, ) 319o+_<rT lvclr7 ) .
9

-010k3 B} T 0717 B) - .23015 B

-07917 B) -.23015 By - 3190+.06689 Bﬁ—O-l2¥l3.Bé.

invordervto diagonalize this matrix, we havé ﬁo choose values for Bﬁ, and

Bé. Since we have only‘one experimental‘measurement'per crystal, we cah fit
only one parameter. 'Thefefore, we decidedvfo fit the: g vaiues for the
_following gpproximatipps: 1) ﬁBﬂ,'Bé = 0; 2) ,BL, Bé/BL{% -.2 . We considef

the second approximation to be more likely because a number of lanthanide

11-1k

ions in Canghave'nearly this ratio. Thé matrix is diagonalized for

various values of B}, and the eigenvectors obtained are used in Eg. (6) to
calculate gI}" Figure 2 shows plots of g vs. BL for Bé = 0, and
7 ‘

Bé/BL = -.2 . The point charge model and experimentsl data on lanthanide ions

" show

!BL1CaF2.> Bl lgr. > 1Biloap
. e 2
1 Our data show‘that

* can, 7 l8lpy3 gpp 7 lElp3* par I

le]
Fu 2 | 2 £
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and the arrows on Fig. 2 indicate the values for Bﬂ which meet these

conditions. Table 5 summarizes our results for Bé/Bﬁ'#‘—.E .

The second tfpe of calculation was the simultaneous diagonalizatiOn

of the electrostatic spin orbit, and crystalline field matrix elements

using a truncated basis set. This calculation gave the incorreét drdering
of the crystalline field states in the J = 5/2 level and the wrong spin
orbit splitting but showed that the error due to neglecting admixtures of
higher J states is less than 10%. Since we have approximated the value of
Bé; we shall assume that the effect of neglecting the mixing of these other
: . ' : . +- :
levels is negligible. Optical work on Hog_ by Weaklem and Kiss,ll and on
2+ . 12, . |
Dy by Kiss in matrices of Can, 5
. 2+ - ‘ 2+ _
ratio of Bé to BL of =-.2 for Ho© and =-.27 for Dy . Weber and

SrF._ and BaF2>give the values for the

Bierig13_conclude‘from their.survéy of Re3+ ions in cubic symmetry sites

in CaF, that —Bﬂ ~ 2000 - 3L00 em™t " and Bé >~ 480 - 720 — By extra-

polation from the rare earth data, ﬁe believe that the assumption,

. + , - A
Bé/BL = ~-.2 for Pu3 is reasonable!  From the difference in Bﬁ values when

'Bé = 0 and Bé/BL = —-.2 , we estimate the error in our Bﬂ_ values as shown

in Table 5 is *#25%. We have calculated the energy level diagram, Fig. 3,

: : .
for the J = 5/2 and 7T/2 1levels of Pu3 in CaFg, neglecting the interactions

, : - . -1
" with higher J  levels and assuming Bﬁ = ~9600 cm l, Bé = 0; and BL = -6200 cm ,.

Bé = 1240 emY. The energies given are approximate and the calculations were

done only to give a qualitativebidea of the,magnitude of the splittings.
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Iv. DISCUSSIQN
It is interésting to coﬁparé thé'crystalline field parameters for
Pu3+, anvaCtinidé ion, with thé’valués found fqr the lanthanidé series.. As
mentioned earlier the lanthanidé values invCaFevfall in the range —BL =

+2000 - 3k00 cm’l, Bé ~ 480 - 720 cmfl, which,also.include the data for the

divalent ions D&2+,11 H02+ 10 and Tm2+.lhv:Th§‘numbér we thain féf Pu3+
in CaFg-ié -6200 cﬁ_l. However, (rh )v_for-actinide ions will be much larger
than for the corresponding 1anthanides. Invorder tp compare_that parf of
BL ,which depends only on the crystalliné matrix, we divide BLPu3+vbyfthe
ratio | ' |

() pudt

(') Sm3+ o

on the basis Qf tﬁefsimpie modéi which tfeéts 'Ag “and (™) as Separable.

Dr._J._MannlS_of Los -Alamos Scientific'Laboratory has provided-us with the
values <rh ) .34.= k.811 a.u., (rh ) 3;_= 1.812 a.u. From these values we
oo Pu Sm '
find
(rh )Pu3+ _ _
3 T2
{(r ) sSm
and for'CaF2 o
—BL Pu3+ . -1
—“‘2—:?5-='23140 cm .

This result falls in the range of the lanthanide values. We may also

éompare the ratios of Bﬁ '3+ in SrF
Pu

' .
5 and BaF2 to BhPu3+vln CaF,.. In
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: el : + 11
Table 6 we.list these ratios along with.comparable data for Ho2

+ 12 L _ ) - ,
Dy2r - and the predictions of the point charge model. We cbserve the decrease

in the ratios cof the crystalline field paramefers with increasing lattice

3

. . \ » N
constants 1s similar for the two lanthanide ions and Pu~™ but the point

charge.model predicts a much larger change. We have also calculated BL 3+
: Pu

using the point charge approximation and find that the magnitude is low by

about a factor of three. This result is'again similar to the way this model
fails for lanthanide ions. The shortcomings of this model have been discussed

16,17 -

previously in detail. Our résults-show.that once the difference in (rLL )
values ig taken inté account, thé‘part of BL ﬁhich‘dgpends oﬁly én the
crystaliine matrix is of the same magnitude'for Pu3+vin the,élkaline earth'
fluorides as for ions in the lanthanide series. |
Generalization of this conclusion to the\entire'actinide series is
probably not justified.v The chemical pro?erties of the first ﬁembers of the
actinide series are not similar to those of the lahthanide'seriés. As we

move further alOng.the actinide”series,:the chemical behavior becomes more

"rare-earth-like". The effect of the crystalline lattice on the more extended

- actinide electron orbitals will decrease as 2, the atomic number, increases

and the Sf shell contracts. . If there are effects of the crystalline lattice
in the actinide series different from the lanthanide series we would expect

them to occur in alkaline eafth fluorides for actinide ions wifh 7 < 9l,
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- V. SUMMARY
B ‘From,éﬁr analysis oft the g values of Pu3+ in the alkaiine earth
» fiuorides we have dbtained.éstimatés.of the crystalliné field parameters in
vthe three crystals. .We have shown the importance of inéluding the.cémplete
‘intermédia?e coﬁpléd ?avefu5Cti°n=in calculating the‘enefgy:matricés.v The - R
magnitudes¢of the crysfalline-field'parameters are ébnsiétent With data from
- the ianthénide_seriés. The»point charge model has been shown to fail in - the

same fashion as in the lanthanide series.

, ACKNOWLEDGMENTS
We wish to thank Professor B. B. Cunningham, J. Conway, and R.

MecLaughlin. for many helpfﬁl discussions.



13-  UCRL-18913

REFERENCES.AND FbOTNOTESg'
1. W. Edelstein and W. Easley, J. Chem. Phys.‘ggﬁ 2110 (1968).

2. H. Limmermann and J. G. Conway, J. Chem. Phys. 38, 259 (1963).

3. J. G. Conway and K. Rajnak, J. Chem..Phys. Eﬂé'3h8i(1966).

N

L. R. MclLaughlin, R. White, N. Edelstein, and J. G. Conway, J. Chem. Phys.

48, 967 (1968)-

5. W. T. Carnall, P.. R. Fields, and K. Rajnak, J. Chem. Phys. L9, Lhoh (1968).

6. M. T. Hutchings, Solid State Physics 16, 227 (196k4). .

[y

7. J. P. Elliott, B. R. Judd, and W. A. Runciman, Proc.IRoy. Sbc. (London)
A2k0, 509 (1957). |
8. A computer program has beep writtén‘by Miss Ruth Hinkins of the Lawrence
. Radiation’LaboratoryvMathematiCS'and'Computing Group w@ich evaluates matrix
elements forvthe comélete'intefmediaté—coupled wavefﬁﬁction.
9. B. G. Wybourne, "Spectroscopic Propertieé of Rare‘Eafths", Ipteféciénce
‘Publishers, Inc., New York, 1965.
10. In order to caléulafe matrix elements’ by the tensor Operator technique
it is more conveniént to define tﬁe crystalline field potentiﬁl differently
than when using the operétor equivaleﬁt method. vFrom now on in fhis paper

we will folldw the convention used by Wybourne.8 The érystalline field

potential for cubic symmetry is

| a(4) 5 () L )\ L | A6 ST [A(6 (6)
! [Co * \/iﬂ'<;—h * Cy > ]_*'36 [Co ‘-\J/;j<e_u) * G ) ]

<
]
[ve)

kq

where
(k) _ [ Am L Y
q 2k+1 ka
and the Y are normalized sphérical harmonics.



~1h- | - UCRL-18913

~11. H. A. Weaklien and Z. J. Kiss, Phys. Rev. 157, 277 (1967).

12. Z. J. Kiss, Phys. Rev.iggzé A17h9 (1965). |

13. M. J. Weber and R. W. Bierig, Ehys._Ré§f';§gg'A1h92'(196h).

. 2. J. Kiss; Ph&s. Rev. ;glg 718 (1962). | |

'15. We wish to thank Dr. J. Mann for sending us the results of his Hartree-
FaCk calculations.

:16. .A. J.'Freeman-and R. E. Watson, Phys. Rév._;hgs A1606 (1965).

17. G. Burns, J. Chem. Phys. L2, 3717 (1965).n

r-&j

@



~15- o ~ UCRL-18913

: S _ . _ .
Table 1. Spin Hamiltonian parameters for Pu3 “in various alkaline earth

fluorides obtained from EPR spectra.

Ton Matrix Site lel |4l

Pu3b CaF2 Cubic 1.297t.002. - 110.7+1 gauss

Yt Srf, Cubic 1.250%.002 : , 14k*2 gauss

PS> BaF, . Cubic 1.187£.004 18L+6 gauss
‘ s ‘

pusT BaF,, - Trigonal g = 1.300%£.005 A= 3726 gauss

32613 gauss

g = -80%.03 . Ay
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Table 2. Intermediate coupled wavefunctions for Sm3)'and Pu3..
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Percentagés;

are listed .only for those components greater than .01%.

= = o\

= = = = = =

.OO6Q

sm3+ a fu3+ b ,
Coef.” Coef.? x 100 Coef.  Coef.? x 100
%p . 0002 L0126 .02
bp L011k ' .01 .1003 1.01
H 19797] v95.98 8121 65.95
Pl - -.0003 ~.0118 01
P2 -.0006 © L0277 .08
2hD1 | .oo;ﬁ .0338 .11
4o .0017 0368 1k
D3 .0022 ~.0k37 .19
F1 . 0068 .. 0601 .36
F2 .0003 .0013
Fé .0162 .03 -.1283 1.65
Fh‘ | . 0073 .01 —;0523 .27;
Gl .1202 1.hh -.3097 9.59
b .0032 L0727 .53
b3 .0311 .10 .1106 1.22
Gl .1500 2.25 -.37T5 1&.25.
27 .0013 .0268 .07
2po .0023 .0460 .21’
253 .0005 _

(continued)

[<4

L=

wr
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, | .Tab;e.2fj antinued.. -
- . E Coef. chf;2 x 100 - - ‘ cOer; Coef.? X.lOb
- 204 ook | » o L0282 .08
D5 -.0027 | o 0538 .29
2m 0089  .o1- | ~.0680 A6
Pr2 -.0133 o2 | - _.0986 .97
2p3 -.0013 -.0039 |
. fm L0056 - . 0418 .17
2p5  -.0082 .01 ~. 0617 .38
2F6 ~.0130 .02 -.1013 t 1.03'
27 —oik2 .02 -

0979 .96

#Calculated from parameters given in Reference 5.

bdalculated from parameters given in Reference- 3.

& | - ) " '
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Table 3. Operator equivalent factors for _Pu3 and Sm3, .

UCRL-18913

Pu3+{

Sm3+{

1

it

1]

1]

5/2
7/2

5/2

7/2

Cp laly )

L. 477

-1.820

' y.isl

1.671

X

%

-2

10
10
10

10

_2.

D

-2

.-.<.1,,Jngqui> |

;41955 X 10"

© 22,690 X 107

-2.402 x 10~

I

C-3.476 x 1071

4

L
L

Cylyly >

0
1.31k x 10°
0

1.505 % 10~

L

L




Table 4. Crystalline field st
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ates and wavefunctions for the J = 5/2 and
J'=_7/2vmanifolds. '

J=5/2

J=T7/2

.4083|5/2 )

.4083]-5/2 )

.9129]5/2 )

.000|1/2) |
.000|-1/2)

.9129]-5/2)

L6h55|7/2)

L6455]-7/2)

.8660]5/2 )

.8660|-5/2 )

.5000]5/2 )

.7638|-7/2)

7638 7/2 )

.5000]-5/2)

+

.9129|-3/2 )

.9129]3/2 )

4083]-3/2 )

.4083]3/2 )

.7638|-1/2 )

.7638]1/2

.5000]-3/2"

.5000}3/2)

.8660]-3/2 )
.6455|1/2)
.6455|-1/2")

.8660(3/2)
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" Table 5. Crystalline field parameters derived-from measured g values.
. The error in the crystalline field parameters is estimated to be 25%.-

Matrix » = g \ BL, Bé/BL'= -.2
o | : - 2o =L

CaF2 - -l.29T -6200 cm

3 - e "

STF, L -1.250 . -5400 cm

BaF, - -1.187 o  -k600 em™t
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Table 6. Ratio of»BL for various ions in alkaline earths fluorides to BL

for that iQn in CaF

o The last column gives the results predicted by the
point charge model. ’
L..a ‘b :
. + o
Dyef H02+ _ Pu3 Point charge model

CaF, . 1 | 1 1
StF, .89 .85 87 STh5
BaF, .78 el STk 532

aRefe_ren_ce 12.

bReference 11.
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_FIGURE CAPTIONS
Fig.%l. Energy level diagram for thé'two.lowest statés of'Pu3+ in a cubic
crystalline field. There is assumédi£o bévno-J,mixing_by=thé crystalliﬁe
~field. | |
.Figf‘é. Plgt of calcﬁlafedvé value §s. Bﬂ, Thé'solid.line describes_the
| - calculated valpes fér”Bé =:O: The,ddtfed iine’deécribesxthe yglue;
fof Bé/BL =-.2. The arrqws show where the experimental g valueé are
located; |
- Fig. 3. Crystailine field‘eﬁergyvlevels for thé_pérameterq showp; Thé

energies given are approximate.
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— Ty E +14b, —20b,

J=72 { — Ts E + 2b. + 160D

| ' / | anl W
|l—T; E —18by — 12bg
| (— . 2b
T =5/2 °
| — T, -4b,

XBL695-2742

Fig. 1.
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3800

3689

3600}
3400}
32004
3000

2800}

2600~

b))
(49

200}

-200-

-400 . L S
Free ion —B4=9600cm -B,=6200cm
B/= 0  Bl:1240cm’

XBL695-2740

Fig. 3.



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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