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(Reçu le 24 juin 1988, révisé le 5 septembre, accepté le 23 septembre 1988)

Résumé. 2014 L’éclatement experimental de quelques niveaux électroniques d’ions de terres rares
s’écarte notablement des valeurs prédites par le calcul. Cela se produit notamment pour le niveau
2H11/2 de Nd3+ à 16 000 cm-1 au-dessus du niveau de base. Le désaccord est tellement

systématique et criant qu’on ne peut accuser le procédé d’affinement mais plutôt suspecter une
défaillance occasionnelle de la théorie du champ cristallin. L’éclatement experimental du
2H11/2 peut être reproduit en utilisant, pour ce niveau seulement, des valeurs élevées du paramètre
de Racah E2 ou bien des valeurs élevées du paramètre de champ cristallin B20. Mais par ailleurs,
l’ordre de grandeur du désaccord entre la simulation et l’expérience est en relation étroite avec le
comportement du niveau quand il se couple avec son « jumeau » de même S, L, J, observé vers
35 000 cm-1. Il est suggéré l’existence d’un mécanisme qui découple tous les niveaux jumeaux.
Des ajustements de paramètres ion-libre et de champ cristallin sont entrepris avec des jumeaux
découplés pour LiYF4 : Nd3+, NDOCl, et Y2O3 : Nd3+ avec des résultats plutôt satisfaisants.

Abstract. - The experimental splitting of some particular electronic energy levels of trivalent
rare earths deviates strongly from predicted values. It happens namely for the 2H11/2 level of
Nd3+ at 16 000 cm-1 above the ground state. The disagreement is so systematic and conspicuous
whatever the compound that it cannot be assigned to an imperfection of the fitting procedure but
rather to a specific failure of crystal field theory. The experimental splitting of the

2H11/2 level can be reproduced by utilizing for this level only, high values of Racah’s parameter
E2 or high crystal field parameters (B20) . But also, it is noteworthy that the magnitude of the
discrepancy is strongly related to the behaviour of the level when it is coupled with its « twin »,
displaying the same S, L, and J values and observed at about 35 000 cm-1. It is proposed that
some mechanism uncouples all the twin levels. Refinements of free-ion and crystal field

parameters are fulfilled with uncoupled twins for LiYF4 : Nd3+, NdOCl, and Y2O3 : Nd3+ and
yield rather satisfactory results.
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Introduction.

The position of the discrete energy levels of the 4f" configurations in solids is, in general, well
simulated using an hamiltonian which involves the adjustment of both free atom and crystal
field parameters (c.f.p.). The crystal field hamiltonian is usually written in Wyboume’s
formalism : H = E B k. Ck A few configurations (4f1, 2, 3,11,12,13 ) can be treated without
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truncations, other (4f6, 4f7) have to be truncated, but, on a whole, coherent results are found
for the values of the c.f.p. of different lanthanides utilized as crystal field probes in the same
site of isomorphous structures.

It is known, however, that the experimental decomposition of levels in some eonfigurations
deviates strongly from the predicted calculated values. The experimenters usually discard
these levels from the fitting procedure. One of the most famous cases is the 2H(2)11/2 level of
neodymium 4F, at circa 6 250 Á. It is well isolated and its energy positions are easy to record
either by absorption at liquid helium temperature or by the monitoring of the excitation
spectrum of the infra-red neodymium luminescence. An experimental spectrum for
Nd3 + in the C2 site of C-Y203 is shown in figure 1. The very large disagreement between
experimental and calculated values for this level has been reported by several investigators
(Ref. [1-5]). The experimental levels are usually much more widely split than the calculated
ones.

The aim of the present paper is to report our efforts to find an effective operator which can
fit the observed 2H(2)11/2 levels.

Fig. 1. - The excitation spectrum of the 2H (2)11/2 area of the Nd3+ (4 %) in Y203 luminescence at
8 937.2 À (C. Pedrini, B. Jacquier and G. Boulon).

1. The effect of the variation of free atom parameters.

In a free atom calculation, the 2H11/2 level at circa 16 000 cm-1 appears as a mixture of the
2H(2) level (v = (210), u = (21)) with the 2H(1) level (v = (210), u = (11)). The former
predominates # 90 %). This level is consequently a « twin » mainly built out of two
components with the same S, L, and J values, the remaining principal component being
4G 11/2.
The other 2H112 levels can be observed at circa 34 500 cm- 1. This is a rather high value and

the crystal field decomposition has only been observed in a few cases namely for

LaC13: Nd3 +, NdOCI, NdF3, LiYF4, and Nd203. No « abnormal » behaviour has been
reported for this level (which means that it roughly agrees with the calculation).
Amid the free ion Racah’s parameters, only E2 is present in the matrix elements between

H (2 ) and H(1). The arbitrary variation of E2 into an unrealistic domain has a drastic effect on
the crystal field decomposition of the lower level as shown by figure 2 drawn for the case of
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Fig. 2. - A simulation of the 2H (2)11/2 (small 24 x 24 matrix) crystal field splitting (Nd203 crystal field
parameters) when the free atom E2 parameter is varied between unrealistic limits. The Mj value labels
the wave vectors. There is a crystal field constriction for the « normal » E2 value (arrow).

Nd3+ in Nd203. For a « normal » value of E2 in the 4f configuration, that is, slightly under
25 cm- 1, one observes an obvious constriction of the crystal field decomposition of the level.
For this C3v case, the M- 1 labelling of the levels forbids a crossing of the levels. However, the
particular value of E2 which has to be used to fit free atom levels in the 4f3 configuration
induces a pseudo degenerate situation under the crystal field (and as a matter of fact for any
usual c.f.p. values).
An empirical operator is able to lift this pseudo-degeneracy. For instance, it is clear from

figure 2 that a very high value of E2 yields a decomposition which is in fair agreement with the
observed results. But also, it is clear that such a large E2 value is unrealistic and cannot be
used in any 4f3 calculation.
To work out an empirical operator, two approaches are possible. One of them consists in

trying to modify the free atom part of the hamiltonian, keeping the c.f.p. as determined from
the other levels. The other consists in keeping the free atom parameters and trying to produce
a set of empirical c.f.p. valid for this level alone. Help can be obtained from the effect of the
empirical operator on the experimental versus calculated behaviour of the 2H(2)11/2 levels in
the sister 4f11 configuration of E2 + . It is advisable to seek empirical operators across a rather
large number of compounds. By chance, for neodymium, numerous c.f.p. are known with a
good precision.

Still, another approach is possible, which lies on the experimental evidence that for each
investigated compound, without any exception, the discrepancy (observed/calculated) is
correlated with the strength of the interaction with the « twin » term. The observed

discrepancy might therefore be caused by the contraction of the lower level, as a consequence
of the crystal field interaction between the twin terms. This statement will be examined in
Part II hereafter.
The phenomenon is hindered if other levels are significantly involved in the mixing. In

Part III, we shall give an example of this behaviour displayed by the 2H11/2 levels in

Er3 + .
The consequence of the statement is that some mechanism might inhibit the crystal field

interaction between twins. Therefore, in Part IV, we selected three Nd3+ spectra and
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endeavoured to adjust all the observed spectral lines including the 2Hll/2 levels,with the
hypothesis that part or all of the crystal field interaction between pairs had disappeared. The
agreement experimental/calculated was improved in each case.
At last, we stated that an improvement on the agreement experimental/calculated could

also be obtained by utilizing within the lower 2Hlli2 level, an additionnal operator acting like
C2 and associated with a very large parameter (Part V).

2. Correlation between discrepancies and the contraction of the lowest term of a set.

We shall first give further examples of the discrepancy concerning the 2H11/2 level of

Nd 3, for which there exists a number of experimental results from various origins. We have
namely investigated the data concerning Nd3+ in LaCl3 [6] and Nd (C2HSS04)3 . 9 H20 [7],
Nd (N03)3. 6 H20 [8], NdOCI [9], NdAI03 [5], NdF3 [10], Nd202S [2], LiYF4 : Nd3 + [11],
Nd203 [4], Y203:Nd3+ [1, 12] and Y3Al5012:Nd3+ [13, 14].
The overall splitting of the 2H (2 )lli2 level increases along this series. In table I, second

column, stand the observed experimental overall splittings (DEo ) and in column 3, the
calculated splittings J1Ec (resulting from a complete 364 x 364 matrix diagonalisation) with
the c.f.p. given in the cited references. Column 4 gives the àE.IAE, ratios which range
between 1 for the nitrate (a rather isolated case) and 4.23 (for Nd202S).

In order to show simply the effect of the coupling with a twin term, without utilizing the
complete 364 x 364 interaction matrix, we have built the small phenomenological interaction
matrix, taking into account electrostatic 4f-4f and parametric crystal field effects between the
sub-levels of 2H112 only. The dimension of this matrix is 24 x 24 and suffices for the present
purpose.
For each compound the diagonalization is performed twice, once with the crystal field

interaction between the terms switched on, and once without. When mixed up with its twin,
the lowest term (in energy) is mainly 2H(2) and the highest one 2H (1 ).

Figures 3-1, 2, ... 11 represent for each compound the experimental levels, the coupled
levels calculated in a 364 x 364 matrix, and the coupled and uncoupled levels calculated in a
24 x 24 matrix. It is noteworthy that the 2H112 levels calculated in the small matrix are quite
similar to those coming out of the complete diagonalisation, at least when the splitting is

large, in which cases foreign levels have but a small influence on the splittings of the
2H11/2 levels.
We report in table 1 column 5, the overall calculated splitting of the 2H(2) term when

isolated (J1Ei), in column 6 the calculated splitting when it is coupled (J1Eco) and in column 7
the ratio between the splittings of the isolated 2H (2) term and the coupled 2H(2) term
J1Ei/ J1Eco.
The correlation between the values standing in columns 4 and 7, table 1 is obvious. The

higher the contraction of the lowest term, due to the interaction with its twin, the higher the
discrepancy between the observed and the calculated splitting. This is shown by figure 4
giving the variation of J1Eo/ J1Ec as a function of J1Ei/ J1Eco. As a consequence of the
statement, it seems that when the discrepancy is large, the only way to match calculated and
experimental levels is to uncouple partly or completely the « twin » levels.
We can investigate the separate effects of second, fourth and sixth order parameters on the

splitting of coupled and uncoupled levels. Therefore, taking into account the expression for
the « strength » of the crystal field derived in reference [15] :
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Fig. 3.1.

Fig. 3.2.
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Fig. 3.3.

Fig. 3.4.
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Fig. 3.5.

Fig. 3.6.
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Fig. 3.7.

Fig. 3.8.



227

Fig. 3.9.

Fig. 3.10.
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Fig. 3. - (11) The observed and calculated decomposition of the 2H(2)1112 levels in :

Table 1. - Correlation between the ratio observedlcalculated splitting and the ratio between
the uncoupled and coupled splitting.
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Fig. 4. - Correlation between the relative discrepancy : observed splitting of 2H(2)11/2 levels/calculated
splitting and the relative contraction due to the coupling between twin 2H levels.

we choose three B 0 k(k = 2, 4 and 6) parameters having the same crystal field strength, i.e.
Bg = 1 500, B04 = 2 437 and B06= 2 587 cm -1 . Six diagonalizations of the 24 x 24 matrix are
subsequently performed and the resulting splittings are represented figure 5. The coupling
results in a drastic reduction of the « splitting efficiency » of B 0 4and in a mild increase of the
efficiency of both B02 and B8. Consequently, we guess that the ratio : observed splitting/calcu-
lated splitting more or less behaves like the ratio R = È4/ (É2 + E6 ) which is reported in
table II for the eleven investigated compounds. Indeed, in figure 6 which represents
i1Eo/ i1Ec as a function of R, the compounds are rather grouped along a line soaring up for
high R values, and curving down to 1 for low R values. The compounds are clustered in the
same way in figures 4 and 6. Compounds 1, 3 and 5 form a group with R lower than 0.45, then
2,4 and 6 have an R value lower than 0.69. For 8, 9, 10 and 11, R equals 1.3-1.4, at last
compound 7 (oxysulfide) stands alone with R = 2.02.

3. Alternative behaviour.

If our assertion is true for 2H1112’ in neodymium compounds, it seems as if it should also stand
for the 2H112 levels in Er3 + compounds (the complementary configuration of Nd 3+).
However these levels are correctly fitted in LiYF4 when the calculation is performed within
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Fig. 5. - Splitting of the 2H (2)11/2 levels produced by crystal field parameters of equal strength, for
coupled and uncoupled levels.

Table II. - Crystal Field mean Strength for the second, fourth and sixth order parameters and
correlation between the ratio uncoupled/coupled splitting and the R = F;4 / (È2 + È6 ).
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Fig. 6. - Relative discrepancy observed/experimental splitting of the 2H (2 )1112 levels as a function of
the relative crystal field strength E4/E2 + Éfi. The numbers on the curve refer to the same compounds as
in figure 4.

the complete interaction matrix. A mixing between the twin levels, should result in a drastic
shrinkage but practically, the mechanism is hindered by a strong mixing with « foreign » levels
mainly 4G112 via spin-orbit coupling. The proportion of 2H in the wavefunctions is only 50 %
on the average, whereas it is as high as 90 % in the case of Nd3 + . The spin-orbit coupling
constant is three times stronger for Er3 + than for Nd3 + .

4. Fitting absorption spectra.

The hypothesis was made that all the crystal field interactions between « twin » terms with
similar S and L in the configuration had to be switched off. This eventual extra selection rule
for the crystal field matrix elements can be written as :

The presented scheme corresponds to the introduction of an additionnal delta operator on
the crystal field for levels with the same S, L, and J values.
Three Nd3+ spectra were chosen in order to perform energy level adjustments with various

coupling conditions : the parametric fit of the energy lines of the spectrum was performed by
the means of the programs Reel (for real parameters) and Image (for complex parameters)
written by one of us [17].

a) LiYF4 : Nd3+ : 129 energy levels [11] have been measured up to 40 000 cm-1. The lines
of the absorption spectrum are sharp and well-defined. Only five of the six 2Hll12 levels have
been detected.
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b) NdOCI [9] was also experimentally investigated up to 40 000 cm- 1. 109 energy levels can
be utilized. The position of only three of the 2 H11/2 lines are known but the corresponding
g. values of these lines have been experimentally measured which should help the

assignement.
c) Y2O3 : Nd3+ : the 2H112 levels are unambiguously measured. Reference [1] reports 85

observed energy levels up to 28 351 cm-1. Unfortunately, the upper 2H (1)11/2 levels have not
been observed.

4.1 LiYF4 : Nd3 + . A previous work on crystalline LiYF4 : Nd 3+ [11, 16] reports the result
of a spectroscopic investigation of the compound followed by a parametric interpretations of
the energy levels.

129 lines are observed in the absorption spectrum of polycrystalline LiYF4 : Nd3 + recorded
at 4 K, over a total of 182 Kramer states in the f3 configuration.

14 free ion parameters are varied i.e. the electrostatic Eo, El, E2, E3 Racah parameters, a,
{3, and y Trees parameters, T2, T3, T4, T6, T7, and Tg Judd parameters and the spin-orbit
coupling parameter C. The five crystal field parameters are B 2, B4, B4, B06 and B 6. The
fourteen free-ion parameters mainly fit the barycenters, while the five crystal field parameters
are meant to describe the more dainty details of the spectrum.
The hamiltonian is diagonalized on the complete 364 x 364 basis of the f configuration.

The refinement performed by the means of Reel results in the set of parameters listed in
table IIIa. The mean deviation is equal to 19.1 cm-1 1 without the 2Hll12 levels, to

21.2 cm-1 1 including these levels. The experimental splitting of the 2Hll/2 level equals
217 cm-1, while the calculated one amounts to 92 cm-1 only.
Taking into account the above observations, a second refinement was performed with the

crystal field interaction between twin terms switched off. That means that zero values are
ascribed to U2, U4, and U6 matrix elements between 2D(l) and 2D(2), , 2F (1 ) and

2F(2), 2G(1 ) and 2G(2), at last between 2H(1) and 2H(2). The starting crystal field parameters
for this new refinement are the previously determined values. After a few cycles, the mean
deviation for the 129 levels falls to 16.7 cm-1.
Not only do the calculated 2H11/2 levels, but also the others agree better with experimental

values. The overall calculated splitting of the 2Hll/2 level is now equal to 180 cm-1 that is,
twice the one calculated with coupled levels. As we guessed hereabove, the suppression of the
crystal field interaction between twin terms also increases the calculated splitting of the
2H9/2 level from 256 to 334 cm-1 1 but does not worsen the parametric adjustment if the

assignement of two sub-levels (4 F5/2 and 2H9/2) is inverted. The newly adjusted crystal field
parameters are not very different from the starting set. In table IIIb are listed the

experimental and calculated energy levels.

4.2 NdOCI. The optical absorption of NdOCI was performed on a plate-shaped single
crystal [9]. 109 lines have been reported, but only three of them belonging to the lower
2H112 set. However the values of the magnetic splitting factor gz of these levels have been
measured [18]. The symmetry of the compound is C4v. The parameters to be varied in Reel
are the same as above. A first refinement was performed with coupled twins and including the
three observed 2H (2 )11/2 levels. The mean deviation is equal to 18 cm-1 for the 109 levels but
the assignement of the three experimental 2H11/2 levels is questionable since the calculated
gz values disagree with the experimental values. The refinement is not improved by
uncoupling U2 U4 and U6 between twins, whereas it is by uncoupling U4 alone. Then the mean
deviation falls to 16.7 cm-1 and the g, values calculated by routine Reel agree better with
experimental values in particular for the sub-levels of 2H,1/2.
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Table Illa. - Refinement of Crystal Field Parameters o f LiYF4 : Nd3+ with the crystal field
interaction (CFI) between twin terms switched o ff or on.

Table IIIb. - Experimental and Calculated Energy levels. The twinned levels are typed in bold
characters.
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Table IIIb (continued).
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Table IIIb (continued).
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Table IIIb (continued).

The calculated and experimental g z values are listed in table IV, compared with previously
determined values. The sets of crystal field parameters determined with coupled and
uncoupled twins are listed in table V. As occurs for LiYF4 : Nd 3, the two sets are quite
similar.

4.3 Yz03 : Nd3 + . - 85 experimental levels over 111 have been observed up to 28 369 cm-1
[1, 12]. The position of the higher 2H(1)11/2 levels (at about 33 000 cm-1) have not been
reported. The refinement was carried out with Image on completely uncoupled twins. The
lowest mean deviation (20.4 cm-1 ) is obtained for the set of parameters listed in table VI. If
the 2H11/2 are discarded, the deviation is slightly lower : 19.3 cm-1. When the twin level is
coupled, the lowest deviation is equal to 17.4 cm-1 1 without the 2Hlnz levels and

24.7 cm-1 1 when they are included in the refined set.
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Table IV. - Magnetic Splitting Factors for Stark levels in NdOCl.

5. Search for a crystal field operator.

The results obtained in the preceding paragraph are rather satisfactory and seem to

correspond to a kind of selection rule related to the labels of the higher order

R7 and G2 groups associated with the free ion levels. There is no obvious reason for such a
formal selection rule. It is clear however that its application produces an uncoupling of the
levels wich suppresses the constriction illustrated in figure 2, and generally improves the
fitting of calculated to observed levels within the configuration.

It is worth mentionning that, without uncoupling, the application of an additional crystal
field operator to the 2H (2)11/2 levels allows also a reasonable agreement with experimental
results. This operator has the form of an additional C2 associated with a strong
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Table V. - Crystal Field Parameters of NdOCI with the crystal field interaction U4 between
twin terms switched o ff or on.

Bg parameter (in the 3 000 cm-1 range). (Of course, this treatement cannot be applied to the
other 2sc+lL] levels). By varying the B2parameter, the experimental results for2Hll/2 can be
fitted in a rather good way, sometimes better than with the preceding scheme involving
uncoupling (Figs. 7 and 8). This is especially true for Nd202S (Bg (normal) + Bg (special)
= 3 200 cm-1),

The crystal field of all these compounds is described with respect to the C3 axis. As a matter
of fact, a quite good fitting is found also for the C2 site of Nd 3, in C-Y203, but using the c.f.p.
for the trigonal S6 site and a

The fit is acceptable but not as good as in the preceding case for Nd3+ in LiYF4 and
Nd3+ : :Y3Al5012 which are described with respect to a C4 axis. The same is true for the
C4v site of NdOCI for which experimental data are however uncomplete.
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Table VI. Crystal Field Parameters ofYZ03: Nd3+ with the crystal field interaction between
twin terms switched o ff or on.

A simple crystal field operator such as Co 2 has the effect of lifting the degeneracy of the
« constricted » coupled level but the associated parameter has to display a high, « unrealistic »
value. An analogous result has been obtained by using an « unrealistic » value of the free
atom E2. Cô is much more efficient to yield results looking quite alike experimental data than
C04 or Cô. The previous analysis has shown that the values of the fourth order c.f.p. are critical
in cases where the discrepancies between calculated and observed values are large. The use of
an additional C2 appears then as a simple way to correct empirically this effect.
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Fig. 7. The simulation of 2H (2)11/2 splittings with a B02 crystal field operator for NdOCI,

NdAI03, NdF3 and Nd202S. A corresponds to observed levels, B and C are calculated values with
B02 values listed hereafter and D is the splitting represented on the quoted figure.

6. Conclusion.

The obvious discrepancy between calculated and experimental values in the case of the crystal
field splitting of 2H (2)11/2 levels is the sign that « something » is missing in the ordinary crystal
field theory of the 4f’ configurations in solids. It is clear that we are not facing a simple
truncation effct in the calculation.
Two other famous discrepancies have been extensively studied. The first one concerns the

experimental 3K8 sublevels of H03+ in LaC13 [19], 35 % more spreaded than the calculation
predicts. This is a small discrepancy compared to those usually displayed by the

2H(2)11/2 levels of Nd3 + . The extra-splitting in 3K8 can be well reproduced by adding the
effects of Spin Correlated Crystal Field (SCCF), involving a two-electron parametrization.
The SCCF is contained in the general correlation field parametrization of Bishton and
Newman [20], was anticipated by Newman [21], considered for this particular case by Judd
[22], and fully fitted by Crosswhite and Newman [23]. The operator is meant to account for
the dependence of the 4f electron radial wave function on its spin direction with respect to the
total spin. The same model was utilized with success to improve the experimental/calculated
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Fig. 8. - Idem for :

agreement in the case of the 3K8 level in Cs2NaYCl6: Ho3+ by Reid and Richardson [24].
However, in this latter case, the discrepancy experimental/calculated is less pronounced than
for LaCl3 (about 10 % for the overall splitting).

Also mis-behaving is the 1D2 level of 4f2 (Pr 3, ) in LaCl3 (or PrC13). The discrepancy which
is of the order of 50 % for the total splitting [25, 26] is also less pronounced than for the
2H(2)11/2 levels. Van Siclen [27] examined the eventuality of term dependent crystal field
parameters originating from polarisable neighbours. The effect was too small to account for
the observed discrepancy.
Then, by analogy with the SCCF, Yeung and Newman suggested [28] an Orbitally

Correlated Crystal Field which was tested on LaC13: Pr3+ . A much better agreement was
stated within the 1D2 sublevel (rms falling from 17.7 to 12.1 cm-1).

Recently, in a complete configuration interaction calculation involving 4f2 and the nearest
excited configuration 4f 5d, Garcia and Faucher [29] refined the conventional one-electron
crystal field parameters within the complete basis set and obtained a similar agreement for the
splittings of the lD2 levels. It is not really surprising since the LCCF is contained in the full
correlation crystal field [20] which in turn reproduces the features of configuration
interaction.

In the case of the 2H (2 )1/2 levels in Nd3 + , Souza da Gama [16] had some success by testing
the SCCF restricted to the small 24 x 24 dimensionned 2H(2)11/2 matrix in LiYF4 : Nd3+ ,
However, it seems that, up to now, the models involving two-electron operators have not

been able, when applied in the complete 4f3 configuration, to produce the enormous
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corrections needed to adjust experiment and crystal field model in the case of the

2H(2)11/2 levels of Nd3 + . .
Judd [30] mentions other possible corrections due to charge transfer mechanisms (electron

migrating from the ligand to the rare earth shell) giving rise to high rank (k &#x3E; 6) operators,
but suspects that the resulting contributions would be weak.

Possibly, the total correlation crystal field could be efficient but the number of coefficients
is enormous and all the effects have to converge to yield hage specific effects needed to handle
the enormous observed deviations.
The empirical operators described in this work have the advantage of a crude simplicity

together with a high specific efficiency. A special E2 or a special B2value utilized for the
2H11/2 pair, lifts the pseudo-degeneracy of the lower level and leads to a good agreement with
experience.

Besides, we stated in the case of 11 compounds, that the 2H(2)11/zlevel (4f ) is more or less
tightly contracted when it is coupled with its twin and this contraction is narrowly connected
with the experimental/calculated discrepancy.
The 2H (2 )lli2 level is all the more affected by the coupling with its twin that it is a « pure

twin » level. In the case of its homologue in Er3+ , the phenomenon is smeared by a high spin-
orbit coupling with other levels.

Therefore, if « something » is missing in crystal field treatment, something connected to the
binding between twins, it is not surprising that the ZH11/Z levels be specially touched and stand
as an unique foreign set among a hundred of otherwise neatly fitted spectral levels.

Possibly, is it not a mere suppression of the coupling which is required but a tuning of
U2, U4 and U6 following the compound. Our steps are empirical, but perhaps experimental
evidences such as those presented here can help to find a theoretical explanation.

Acknowledgments.

The authors are grateful to Drs C. Pedrini, B. Jacquier and G. Boulon (Laboratoire de
Physicochimie des Matériaux Luminescents, Lyon) who kindly provided new unpublished
spectra of Y Z03 : Nd3+ .
The numerical calculations were performed on the MD-560 computer of Laboratoires de

Bellevue, CNRS, 92195 Meudon, France.

References

[1] CHANG, N. C., J. Chem. Phys. 44 (1966) 4044.
[2] SOUILLAT, J. C., ROSSAT-MIGNOD, J. and LINARES, C., Phys. Stat. Sol. (b) 52 (1972) 601.
[3] MINHAS, I. S., SHARMA, K. K. and GRUBER, T. D., Phys. Rev. B 8 (1973) 385.
[4] CARO, P., DEROUET, J., BEAURY, L. and SOULIE, E., J. Chem. Phys. 70 (1979) 2542.
[5] ANTIC-FIDANCEV, E., LEMAITRE-BLAISE, M., BEAURY, L., TESTE DE SAGEY, G. and CARO, P. , J.

Chem. Phys. 73 (1980) 4613.
[6] CROSSWHITE, H. M. and CROSSWHITE, H., J. Chem. Phys. 64 (1976) 1981.
[7] GRUBER, J. B. and SATTEN, R. , J. Chem. Phys. 6 (1963) 1455.
[8] CARO, P. , SVORONOS, D. R. and ANTIC, E. , J. Chem. Phys. 66 (1977) 5284.
[9] ARIDE, J., « Contribution à l’Etude de la Structure Electronique 4f3 du Néodyme dans

différents Environnements Cristallins, Thèse d’Etat, Bordeaux I, 1981.
[10] CARO, P., DEROUET, J. , BEAURY, L. and TESTE DE SAGEY, G., J. Chem. Phys. 74 (1981) 2698.
[11] DA GAMA, A. A. S., DE SA, G. F. , PORCHER, P. and CARO, P., J. Chem. Phys. 75 (1981) 2583.



243

[12] CHANG, N. C., GRUBER, J. B., LEAVITT, R. P. and MORRISON, C. A., J. Chem. Phys. 76 (1982)
3877.

[13] KONIGSTEIN, J. A. and GEUSIC, J. E., Phys. Rev. 136 (1964) A711.
[14] MORRISON, C. A., WORTMAN, D. E. and KARAYANIS, N., J. Phys. C : Sol. State Phys. 9 (1976)

L191.

[15] FAUCHER, M., GARCIA, D. and JORGENSEN, C. K., Chem. Phys. Lett. 129 (1986) 387.
[16] DE SOUZA DA GAMA, A. A., Thesis, Recife, University of Pernambouc, Brazil (1981) unpublished.
[17] PORCHER, P., « Phenomenological Treatment of Rare Earth Electronic Configurations », Routines

« REEL » and « IMAGE » (unpublished).
[18] BEAURY, L. , DEROUET, J., PORCHER, P. , CARO, P. and FELDMAN, P. G., J. Less-Common Metals

126 (1986) 263.
[19] CROSSWHITE, H. M. , CROSSWHITE, H. , EDELSTEIN, N. and RAJNAK, K., J. Chem. Phys. 67 (1977)

3002.

[20] BISHTON, S. S. and NEWMAN, D. J., J. Phys. C 3 (1970) 1753.
[21] NEWMAN, D. J., Chem. Phys. Lett. 6 (1970) 288.
[22] JUDD, B. R., Phys. Lett. 39 (1977) 242.
[23] CROSSWHITE, H. and NEWMAN, D. J., J. Chem. Phys. 81 (1984) 4959.
[24] REID, M. F. and RICHARDSON, F. S., J. Chem. Phys. 83 (1985) 3831.
[25] MARGOLIS, J. S., J. Chem. Phys. 35 (1961) 1367.
[26] RANA, R. S. and KASETA, F. W., J. Chem. Phys. 79 (1983) 5280.
[27] VAN SICLEN, C. de W., J. Phys. C : Solid State Phys. 15 (1982) 4117.
[28] YEUNG, Y. Y. and NEWMAN, D. J., J. Chem. Phys. 86 (1987) 6717.
[29] GARCIA, D. and FAUCHER, M., J. Chim. Phys. (to be published).
[30] JUDD, B. R., J. Phys. C : Solid State Phys. 13 (1980) 2695.


