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ABSTRACT

" A complete diagonalization of the matrices for-the electrostatic, spin-
orbit, and crystal field inteiactions for'Sm3+ in LaCi3 has been carried out
using a tfuncatéd set .of basis vecﬁors.containing 42 of the 73 LS staﬁes, .This
diagonalization'allowed.many new assignments'to be made. Correction of ‘some of
the_centérs of gravity previously used in a fi£_of free ioh parameters was
alsb'possiﬁle. The newly obtained free ion parametéfg are more in accord with
the trends for thg other lanthanide ions in LaCl3. They'reducé ﬁhe rms deyiq—
tion from 119 to sh em™ L. The parameters (in cm_l) used in the final diagonai--

1 2

ization are E~ = 5465.27 + 17.21, E° = 25.40 + .39, ES = 547.62 *+ 1.65,

r = 1153.8 + 8.9,=a_= 24.29 *+ 1.98, B = ~795.72 + 98.4, Y = 800, 32

-0
6 6 '

= 161.70, -
B = -182,00,'30 = -710.2k, B] = Lh8.1k,

0]
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I. INTRODUCTION
Energy,levels of Sm3- in LaCl3 have been measured by Magno and Dlekel
A crys tal field calculatlon by Axe and Dleke2 (1nclud1ng J—m1x1ng) for the
6

F and 6F multiplets reproduced 39 observed levels w1th an rms dev1atlon of .
3 2 cm l;' Further ass1gnments of higher 1evels and some additional data were
1ncluded in the book of D1eke3. Some a551gnments of the centers of grav1ty
'(often estlmated from one observed crystal field component) were made from
a 1east—squares flttlng procedure by Carnall Fields, and Rajnak)‘l vho includ—
ed the configuratlon 1nteractlon parameters a, B and Y > The fit was quite
unsatlsfactory,‘however. The rms deviation was 119 cmv (vs. ~ 50 for mosti
'other-rare earth ions); Two levels whose identification was quite certainlﬁ
had'deviations of ~ 200 cm-l.- Furthermore o was determined tovbell6 cm-l
vhereas it wasv22 cm-l for Sm3+ in solution. It was~impossible to determine i
¥ a Value for Y.: Any attempt to include Y, even if 1t were not allowed to - |
rvary, 1mmed1ately led to o~ 10 em -1 and large errors in all the parameters.
‘This difflculty arose because Y is essentially dependent on senlorlty number.

Low lying states all tend to have the same seniorlty Consequently assign-'

ment of rather high levels is requlred before Y can be determlned.
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‘II. PRELIMINARY DISCUSSION
In the present work we took the free ion parameters of Carnall, gtv
al., and the crystal field parameters6 of Axe and Dleke and dlagonallzed
the matrices for the electrostatic, spln-orblt and crystal fleld 1nteractlons

' s1multaneously. Truncation of the basis vectors was necessary, however, since

the f5 conflguratlon contalns T3 LS states We chose to 1nclude only L2 states:

all the sextets and quartets except the 4S and hIE and the follow1ng doublets
2P1, 2P3, 2Pk s 2D2, 2Dh 2p5, 2F1, 2F2, 2Fh 2F5, 2F6 2F7, 2H6, eIh
2K1, 2Kk, and 2K5.7 Limiting the J—Values to J < 15/2 leads to 3 matrices- to
be disgonelized: = l/2 rank = 18L; u =.3/2, rank = 178, u = 5/2 rank =
'172; where U = J (mod 6). Comparlson of the results of dlagonallzatlon of. f
these matrlces with the crystal field parameters set equal to zero and the
free ion calculation of Carnall, et al., gave a value for the truncation error
of each J-level. TFor the levels below EOlOO‘cm-l these errors were ~ 20 cmfl,_
but were much larger for some higher states. The ekclusion of 211 and 2L3
from the ba51s vectors resulted in a large error for the J = 15/2 levels, par—
tlcularly the one at ~ 20300 cm l; Comparlson of the calculated centers of
grav1ty from a complete diagonalization 1nclud1ng the crystal field matrix
elements with those from the truncated eigenvectors with the crystal field
parameters equal to zero gave a crystal fieldbshift.for each J-level. When a
correction was made for the truncation error, crystal'field shifts were < + 25
cm_l except for the J = 9/2 at 20500 cm—l. Since this.was one of the levels
with a very large truncation error, the larger shift (-hh cm_l) may not be
meanlngful. ‘The J = 15/2 and J = 11/2 at 20300 and 21000 em™L are so badly

J-mixed that 1t is impossible to determine g center of gravity for the levels

1ndependently Consequently no crystal field shift could be computed.
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Héving ascertaihed that J—mixing'doés'not cause appreciable shifts
of the .center §f.grav1ty of the levels, we then used £he results of the cryé-
tal field dalculatidn (including splitting factqrs) to make some additional
assignments and corrected a‘couple of the centers of gravity chosen by Cér—

nall, et al. A new.frée ion fit to these centers of'gravity was carried

: S - ' .3+ . '
out, fixing v 800 cm 1 (near the value for Sm3 in‘solutlon). The rms

deviation was reduced to Sh_cm—l. A "complete" diagonalization with these

‘new free ion parameters (see Table I) gave considerable improvement for

some of the levels. and allowed some additional assignments to be made.

These new assignments were insufficient to determine y by fitting, however.
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III. DISCUSSION OF RESULTS
The 6H andv6F multiplets are quite well represented by the parameters
used (Table II). If the errors in fitting the centers of gravity are removed
from Column 6 of Table ITI, the errors are generally < lb cm-~l and the paral-
lel splitting factors are in reasohable agreement. One should note, however,

that for 6H (Yh)’ Magno'and'Diekel give 'S" = .13, whereas Dieke3 gives 3.9.

T/2
The former value is in much'Better agreement with the calculations. The

'6Fl/2 level was not a531gned by D1eke3 but the calculated levelrls in excel-
lent agreement with the u = 1/2 level at 6331.5 (T ) of Magno and Dlekel.
This assignment has been made in Table II. Many of the . components of 6F3/2
‘and 6H15/2 efe highly J—mixed and it is impoesible to assign centers of gra?—
ity to the levels individually. The 6F5/é components contaln up to 37 Jd =
15/2 which may mean that the good agreement of the calculated and experlmental
centers of gravity is acc1dental because of a compensatlng crystal field Shlft.
The ulg/g is the first level to exhlblt large truncatlon effects.
Levels D, -Dh have. some m1x1ng with hM15/2 where thls effect is even larger.
This may account for the large variation of the errors for the levels in
Column 6 of Table II. TFor the lower levels the‘truncation of the basls set‘
has caused a shift of the centers of gravity, but there is little indicatioﬁ
that it has greatly distorted the crystal field splittings{ .This isvobviocely

not true for theFIQ/2 where the total splitting is calculated to be ~ 75 em™t

and observed to be ~ 300 cm-l.v
The levels Hl and H2 have been assigned to the two lowestllevels of;

4 ‘ : _ .
Gg/?‘ The total calculated splitting is ~ 100 cm l, Therefore, it seems

unlikely that H3, which is > lOOO'cm-l above Hl’ is also part of this group.



5. o ~ LBL-1218

If the crystal fleld spllttlngs are large, H3 could belong to either hM17/2

N

or Ml9/2 whlch were not calculated

The experlmental levels K3 KlO’ closely spaced in the range 24530-

24569 cm l, must belong. to hLl3/2 as indicated by D1eke3.' The calculated

levels are even more closely packed. There is one extra experlmental value‘

for J 13/2 but w1thout g values or a more accurate calculatlon 1t is im-

possible to plck 1t out. L1kew1se the calculation is not suff1c1ently accur-

ate-to a551gn the 1nd1v1dual lines.

Dieke a551gned the levels L.-L_ to a hF but there are three

175 9/2’ ,
5/2 levels which is not possible for a Jd = 9/2. There is no J = 9/2

_1eVel,calculated in that region. L. and L. have been assigned to the two

1 2

= 5/2 levels of hF Their separation of 11 cm_l_is in reasonable

T/2°
agreement with the calculated separatlon of 18 em l, The levels
4 o o
3--L5 probably belong to Kll/2 In fact, the calculated 8| of 2.09
for the lowest level is in excellent -agreement with the observed s"
of 2. 05 In view of the large truncation error, the order of the
calculated levels may not be‘correcf andcaésignment of L3 and L5 is
impossible. .
Tu 1 the levels M -M; to b igned to by and 'L
is leaves e levels Mi o be ass gne 11/2 @n 15/2.
There is significant J-mixing between the two and a calculation with
less.truncation‘error.will be necessary before individual lines can be
a551gned. »
' The - Levels N Nh can clearly be assigned to 6P7/é as indicated in
Table II. The g values and splitting pattern agree well and the truncation_;
error is small. Likewise N5 is very likely uD1/2« The levels N6—N9; threeif
of which probably have~u_5 5/2, very likely belong to'hLl7/2 for which the
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crystal field splittings weren't calculated. " Clearly they can't be the
'hKll/o as assigned by Dieke since that is calculated to be 1000 cm_l'lower

in energy.

The 0' levels must be assigned to the hK “and (D 6P) 'which.
13/2 ™ ? 5/2
are badly J-mixed. The spllttlng factor of the Oh level makes its ass1gn—
ment clear .but the others can't be ass1gned because of the large truncation
error for the Jd = 13/2 state.

Beyond this point truncation errors are Very large and J—miking is
considerable. .This makes aésignments impossible for the P' levels at the

present time.
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IV. CONCLUSIONS
The results are remarkably good considering the truncation of the
basis states and the fact that no fltting of the crystal field parameters

was carrled out. J-mixing does occur and makes the 1nterpretatlon of some

.'levels dlfficult but it is cons1derably less than had been expected. The'

crystal field Parameters determined by Axe and Dieke for the 6H and 6F multi—

: plets seenm to represent the higher muitiplets-reasonably well. Detailed

con51deratlon of the crystal field splittlngs of the higher states 'is made
difficult by the truncation errors, however. Such an approximate calculation
did prove valuable in understanding the overall structure of the energy levels

and allowed computation of an 1mproved set of free ion parameters. Further,
3+ ‘

-progress on the analysis of Sm~ in LaCl3 must await,the ability to carry out’

least squares fits on large matrices and computations with a 1arger basis set
than that chosen here. One must be very cautious . about fitting free ion para-‘
meters w1th a truncated basis set, however. The g values as Well as energies
should be fit. If suchea oomplete fit is carried out, it should also include‘

8,9

the additional 3-body operators of configuration interaction.
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Table I. Parameters for Smd' injLa013‘(émfl)
B - 5465.27 + 17.21
E2I= 25.40 + -39
E> = SUT.62 & 1.65
Z =1153.8 * 8.9
a . 2h.29 + 1.98
B = -795.72 * 98.k
Y = 800 |

. Bg = 161.70
‘Bg = -182.00
Bg = -710.24
Bg = Lu8.14
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
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.
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