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The splittings of p3, atomic core levels due to internal electric field gradients have
been calculated for the case of Tm®* jons in thulium ethyl sulphate and shown to be mea-
surable by electron spectroscopy. The splittings could be about 1 eV under favorable

conditions.

It has been of great interest for quite some simplicity of the calculations and the feasibility
time to know about the effect of environment on of comparison of a part of the results obtained
the x-ray—emission linewidth in various transi- here with Mossbauer-effect measurements.?
tion elements. Recently, ESCA measurements® The quadrupolar part of the total Hamiltonian,
on some heavy elements in their compounds representing the interaction between a point
showed definite evidence of pg,, level splittings charge at », 6, and ¢ with respect to the nucleus
of the order of 10 eV, of the ion, and the crystalline electric potential

We report here the calculations of various p,, as well as the electric potential due to the crys-
level splittings of thulium ions in thulium ethyl talline-electric-field- (CEF) split 4f unfilled

sulphate (TmES). The choice of TmES is due to shell could be written®? (assuming axial symmetry

of ligands surrounding the rare-earth ion),

l

Ho=—[4" +3(J]|all7)(3,% = 7%, K(r)] (3 cos*6 - 1), 1)
where

r *© -
K(r)=7'3f0 u4,’zr’2d7’+72fr uy ' 3dr,

with u,, the radial part of the 4/ wave function times »’; (J|allJ) is the reduced matrix element;
(8J,%~J%) p is the statistical average of matrix elements of the quadrupole operator equivalent between
2J+1 CEF levels within a manifold of constant J ; and A4,° is the usual parameter in the crystal poten-
tial expansion. However, both terms in the interaction Hamiltonian are modified through their effect
of polarization on the closed shells (Sternheimer effect*). The Sternheimer parameters pertinent to
the second term R, have been calculated,® whereas those needed for the first term A, are available
in the literature,3

The energy splitting of the np,,, level corresponds to the difference in the expectation value of H be-
tween the states 13,+3) and 13, +3); after including the Sternheimer effect

AE,, ,=[4°(7%),,(1=-2,) +(Tllal ) (37,2 = J* (K()),, (1-R,,)]

x(sllallD((3137,2 = 2D = (3]34,% = J2[3)). (2)
Confining our attention to the 3H, term of the
ground multiplet of TmES, we have evaluated ! X(1=2,.)=0.282,% (JllallJ)=1.02x107%; (3J,2
AL=C0/(r?) (1 =1,,), where C,°=130.5 cm ™! ~ J%) r are calculated using Table IV of Ref. 2.
is obtained by Barnes et al.? from the optical The factor outside the square bracket is 4. The
measurements of Wong and Richman,® and ¢-?),, R,, and (K(7)),, pertinent to the present work
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FIG. 1. Temperature dependence of p3/, level split-
tings of Tm3* jons in TmES after ignoring the crystal-
potential term in Eq. (2).

have been calculated using the technique suggest-
ed in Ref. 3, These are R,, =0.194, R,,=0.171,
R,,=0.172, R,,=0.142, (K(7)),,=0.089, (K(7)),,
=0.474, K(v)),,=0.689, and (K(7));,=0.222.

The results are plotted in Fig. 1, which shows
the splittings of various pg4/, levels in the temper-
ature range of interest. The crystal-potential
term contributes less than 2% to the total splitting
except in the 5p,4, case where its contribution is
0.102 eV. This is in contrast to the case of MOss-
bauer-effect measurements on nuclear energy-
level splittings where the crystal-potential con-
tribution could be comparable with the potential
due to the 4f shell. Present investigation thus
suggests that the crystal-field effects on core
energy levels are not negligible and could be
large in transition-element salts and heavy-ele-
ment compounds where the valence shells are
directly exposed to the crystal field. We are
working out the p4/, level splittings in various
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ions of interest to experimentalists and the re-
sults will be published elsewhere.

We now compare the accuracy of our calcula-
tions of various Sternheimer parameters with the
available measurements. Barnes et al. obtained
p=(1=x,,)/(1=R)(1—=2,,)=287 for Tm®" in
TmES assuming @ =1.5 b for the 8.4-keV excited
state of Tm!%, We have calculated R using the
unified approach for the calculation of the R,
and A, and found R=0.181." A4 =-72.9 and
A,; =0.601 were calculated in a previous work.?
We thus obtain p=226. With the better computa-
tional facilities now available it could be hoped
that the calculation of Sternheimer shielding and
antishielding parameters might be reliable enough
to get the quadrupole moment of the nuclei by
Mossbauer spectroscopy coupled with ESCA mea-
surements,
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