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Nuclear quadrupole resonance!- (NQR) and
auclear magnetic resonance3 (NMR) studies on
63,65Cu have demonstrated that the resonance
properties of these nuclei can give important
information about the electronic structure of the
high 1emperature superconducior YBazCn307.x as
well as the exchange coupling energy between the
Cu(2) sites.* Measurements for various oxygen
stoichiometries have given insight into the effect of
oxygen content on the valence state of the Cu.5

In the work reported here, the electric field
gradient (EFG) tensors at the Cu(1) and Cu(2) sites
in YBayCu107-x, have been determined from
calculations on large clusters for x=0 and 1. The
results were found to be sensitive to the nacure of
the chemical bonding at the Cu sites and indicate
that point-charge models which neglect the valence
electron contributions will not accurately describe
the EFG. Good agreement with experiment is
obtained only if the multi-valent character of the
Cu ions was included in the wavefunction by
configuration interaction.

A description of the basic approach used in these
cluster calculations has been given in previous
studies of Cu* in NaF and NaCl lattices.6.? For
YBa2Cu307.x, the Cu jon of interest and its
nearest-neighbor oxygen ions were surrounded by
atoms whose valence electrons were explicitly
treated. These clusters were then embedded in a
larger point charge lattice which reproduced the
correct shape of the crystal field at the Cu site. All
electrons on the Cu(l) or Cu(2) site were explicitly

included in the calculation in order to allew for
core polarization due to the surrounding icns. A
flexible Gaussian basis setd was used for the all-
electron Cu and the [Ar] core electrons of the
boundary Cu jons were replaced by an effective
core potential (ECP)® with the valence basis
funcrions optimized for the Cu*2 jon. Pacios and
Christansen's10 ECP and basis set were used on the
nearest-neighbor oxygen ions and reoptimized for
the O-! free ion. The [Kr] core of Y and the [Xe]
core of Ba were also replaced by ECP's.11

The NQR frequencies calculated from the EFG
tensors and the experimental 63Cu quadrupole
moment!2 are given in Table [ for the Cu(1) and
Cu(2) sites of YBaaCuzQg. The ratio of the
experimental NQR frequency of ~30 MHz25 to the
calcvlated frequency of 40 MHz is 0.74.

Table I. Comparison of the calculated Cu NQR
frequencies to experiment for YBa2Cu306 (units
are MHz)

Cu(l) Theory Refs. 2.5 Rato
134105
vgx -20.2 -
vyy -20.2 -
Vzz 40.5 =30 0.74
Cu(2) Theory Ref. 13 Rado
3d%  3d100> 72%13d9>,
28%13d10L>

vex  -262 148 .147
vgy 262 148 .147
vy, 525 4297 295 22 074
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We believe this error is mainly due to limitations of
the basis set. For the Cu(2) site the NQR frequency
was calculated for both the 13d%> and 13d10L>
configurations. An experimental frequency of ~22
MHz has been obtained by Yasuoka et al.13 from
antiferromagnetic resonance (the absolute sign in
all the experimental measurements discussed here
has not been determined). The EFG for the 13d%>
configuration substantially overestimates the NQR
frequency, however by including configuration
interaction with the 13d!0L> state, it is possible to
obtain a value consistent with the error found for
the Cu(l) site.

The results for x=0 are compared to the
measurements of Pennington er al.3 on
magnetically aligned samples in Table II.

Table II. Comparison of the calculated Cu NQR
frequencies to experiment for YBa3Cu307 (units
are MHz)

Cu(l) Theory Scaled Ref. 1
13d8>  13dIL>
vex 763 25.4 190 199
vyy 18 313 235 -19.2
vz 345 59 44 02
NQR 76.4 333 249 220
Cu(2) Theory Scaled Ref. 1
3d9  13d100> 889>,
12%i3d10L>

vex 259 169 -206 -15.4 -i58
vyy =266 169 -21.2 -159 -15.8
vzz 52.5 -33.9 417 31.3 315
NQR 325 2339 417 313 315

For site 1 it is clear that the theoretical results agree
with experiment only if Cu is descrived by the
3d9L> configuration L, is not necessarily
constrained to be a near-neighbor ligand hole but
can reside in the CuO3 plane). After applying the

0.74 scale factor determined from the Cu(l) x=1
calculation, the agreement with the experimental
tensor is good. As for YBa2Cu30g, site 2 must be
described by a mixture of the (3d%> and 13d10L>
configurations in order to reproduce the nieasured
tensor. However, the weight of the hole on the O-
site is considerably reduced.

The calculations have shown that the Cu(l) site in
YBa2Cu30g is 2d10 and in YBazCus307 is 3d%, For
both materials the Cu(2) site is predominately 3d9
but with a significant mixture of the 3d10L,
configuration.
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