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Abstract

We report spin-restricted and symmetry-restricted Hartree—Fock cluster calculations on the lower excited states of a
Cu™ impurity in NaF in order to investigate their dependence on cluster 51ze In contrast to previous work on smaller
clusters, we found all states arising from the configurations egtzgalg and egtzgalg to be local. Delocalization can occur
when an unbalanced choice of cluster and set of embedding point charges is made. These results confirm the local
perspective from which previous spectroscopic assignments have been made. However, the inconsistency with the results

from OD-EPR spectra remains.
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1. Introduction

In the host crystal NaF, which has cubic NaCl
crystal structure with O site symmetry, the
impurity Cu' is thought to replace a Na™ ion.
From a local perspective, the lower excited states
of the impurity can be thought of as being due to
Cu*(3d%) to Cu¥(3d°4s') transitions. In the
clusters the 3d electrons of Cu occupy tp, and ¢,

orbitals. Hence the possible excited states
associated with these transitions are 1’3Eg and
1,3

’ ng.

Both experimental [1-6] and theoretical [7-10]
studies have been performed on these excited
states. Much of the experimental data was pro-
vided by McClure and co-workers [1,3-5], who
studied these states using one- and two-photon
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laser spectroscopy. They interpreted their results
in terms of localized excitations. This contrasts
with the experiments of van Tol et al. [6], who con-
cluded from the width of their optically detected
(OD)-EPR signals and from the absence of any
appreciable hyperfine splitting that there is almost
no Cu(4s) spin density in the luminescent state.
Early theoretical work includes that of Winter
et al. [10] and Meng et al. [9]. They used small
embedded clusters, hence the states were restricted
to be local. To study the possible delocalization,
Broer et al. [7] performed restricted Hartree—
Fock (RHF) calculations wusing the large
CuF14Na18 embedded cluster. They found only
the ng state localized on Cu, whereas the > E,
and ng states were primarily centred around the
outermost Na™ ions.

In the present work we show that the choice to
embed the CuF4Nag cluster in point charges is
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