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For f electrons, we need consider k, p = 2, 4, and 6 only.

The screening by the

outer shells of the lanthanide
pied with the enhancement
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triplets of f2, since from the Pauli Exclusion Principle,
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no two electrons with

at R.

Thus the inclusion of

I in the Hamiltonian would not disturb the generally good agreement found between
experiment

and theory for the terms of fN of maximum multiplicity.
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of I into the tensors g(t) has been performed for
s
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sponding to • = A and ~ = B (in Nielson and Koster's notation ) is given by
t = 2 and t = 4

4
4
GI0,A/GI0,B

= (187/686) 1/2 '
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plicity separations.
When the matrix elements

for I are calculated

for the states 2S+IL of f2

in the presence of a single ligand lying on the z axis, it is found that all the
sums over products of 3-j and 6-j symbols can be performed.

The result can be ex-

pressed very simply in terms of Slater determinants:
all matrix elements of I
+ +
between determinantal product states of the type [m~~ m ~ vanish except for the one
that is diagonal with respect to ~0 + 0-].

Its value is necessarily negative.

This result enables one to calculate the sign of the effect very quickly if
expansions

in determinantal

product states are available.
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at most seven determinants in the expansions of If 7 61, MS=5/2 , ~ >
The pair 0+0 - appears only for M L = ±3, ±2, ±i.

for -f~ML~6.

From their coefficients we can

rapidly verify that I is diagonal with respect to M L (for a ligand on the z axis)
and that the energy shifts are proportional to 0, 0, 0, -6, -16, -25, 0 for
= ±6, ±5,..., ±i, 0.

It is straightforward to project out particular compon-

ents of rank t from this sequence:

and it soon becomes clear that ranks t as

large as 12 play an important role.
For Pr 3+ 4f 2 ID, we find that the effect reduces the intrinsic (i.e.,
single-ligand) parameter ~04 and increases --2B0" The changes in B 4
0 and B 2
0 can be
inferred from the superposition model. 8

If the nearest chlorine ions are assumed

to be equidistant from the praseodymium nucleus, we can conclude that IBm1 is
decreased and IBm1 increased.

Preliminary calculations showed that this reduced

the discrepancies between experiment and theory for Pr2Mg3(N03)I2.24H20.

How-

ever, this seems to be an atypical case, as the ID state is rendered rather impure
by the substantial icosahedral field produced by the twelve neighboring oxygen
ions.

For both PrCI 3 and Pr(C2H5SO4)3.9H20 , the corrections are in the opposite

sense.

Further calculations, which, it is hoped, will be reported in detail at

a later date, also suggest that the presence of polarizable neighbors is not the
principal mechanism for introducing two-electron crystal-field terms in the
Hamiltonian.

Recent studies 9 have, in fact, provided evidence that spinpolarized

4f wavefunctions lead to a consistent interpretation of the general trends of the
discrepancies in the standard crystal-field model.
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