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Measurements are reported of the static, instantaneous, and dynamic spin correlations in single crys-
tals of Nd, sCey 5CuOy. 5. The as-grown crystals show antiferromagnetic long-range order. However,
the Néel temperatures and spin-stiffness constants are greatly reduced from their respective values in
Nd,CuOy, 5. After reduction and annealing, the crystals superconduct with 7. =23 K, but inclusions of
the antiferromagnetic phase, albeit with reduced Néel temperatures, are always present. Based on these
data, we suggest that the disorder due to excess oxygen in as-grown samples stabilizes the magnetic
correlations. This leads to a speculative model for the effects of deoxygenation in which the removal of
the excess oxygen causes the magnetic correlations to diminish and hence superconductivity to become

possible.

1. INTRODUCTION

Because holes carry the current in the majority of the
high-temperature superconductors, the discovery' of the
electron-doped cuprate superconductors, such as
Nd, 3sCey 15CuOy4,5, was taken as evidence that the
CuO, layers, responsible for the superconductivity,
displayed electron-hole symmetry. It has since become
clear that the addition of electrons to the CuO, layers by
doping Nd,CuO, s with Ce has very different conse-
quences from that of introducing holes by doping
La,CuO,4s with Sr. In particular, the magnetic long-
range order is destroyed in La, , Sr,CuO,, 5 for x 20.02
to be replaced by highly inelastic two-dimensional (2D)
spin fluctuations; for 0.02 < x <0.05, spin-glass behavior
is observed.? In contrast, three-dimensional (3D) mag-
netic long-range order in Nd,_,Ce,CuO,,s and
Pr,_,Ce, CuO,_  persists? to x ~0.15.

In this paper we report experiments designed to ex-
plore in greater detail the destruction of long-range order
and the emergence of superconductivity in single crystals
of Nd, 35Ceq sCuO,4,5. We present neutron-scattering
measurements of the static, instantaneous, and dynamic
spin correlations of such single crystals before and after
annealing in Ar to reduce 8. Before this reducing step,
the crystals have 3D long-range antiferromagnetic order,
and their 2D spin correlations in the paramagnetic phase
have the renormalized classical behavior predicted by
theory with a spin stiffness which depends on x and,
presumably, §. Removal of oxygen drives the system into
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the superconducting phase. However, no annealing pro-
cedure was found which would entirely eliminate the an-
tiferromagnetic phase.

II. EXPERIMENTAL RESULTS

Single crystals of Nd, gsCe; sCuQ,4 5 Were grown by a
floating-zone technique described elsewhere.* Typical
crystals have a volume of about 0.5 cm®. The concentra-
tions of Nd, Ce, and Cu were determined by electron mi-
croprobe analysis; however, the deviation 6 from oxygen
stoichiometry is unknown, although various chemical
analyses’® suggest that § may be as large as 0.04.

Neutron-scattering experiments were performed at the
two Tohoku University three-axis spectrometers
(TOPAN and TUNS) at the Japan Atomic Energy
Research Institute. The resolution functions of these two
spectrometers were slightly different. In each spectrome-
ter a pyrolytic graphite single crystal was used as a mono-
chromator, and contamination from higher-order
reflections was reduced using a pyrolytic graphite filter.
For the two-axis experiments described here, the incident
neutron energy was 30 meV; for the triple-axis measure-
ments, the final neutron energy was fixed at 14.7 meV.

The magnetic Bragg scattering as well as the inelastic
spin fluctuations were measured using the three-axis
configuration, in which one measures both the initial and
final neutron energy as well as the momentum transfer;
for the Bragg scattering, the energy transfer was fixed at
zero. To measure the 2D antiferromagnetic correlation
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length in the paramagnetic phase, one must measure the
instantaneous correlation function. This is accomplished
in a configuration in which the outgoing neutrons have
their wave vectors perpendicular to the CuO, layers and
in which the analyzer is removed, so that neutrons of all
energies are collected.? In this paper all data are indexed
on the magnetic rather than the chemical unit cell. Thus
the 2D antiferromagnetic rods of scattering occur along
(101), (30D), etc.

Magnetic shielding measurements were made on single
crystals in the superconducting state. A vibrating-sample
magnetometer was used to measure the magnetic moment
of the crystals as a function of temperature in a field of 10
Oe after cooling in zero field. We now discuss the neu-
tron results.

A. As-grown crystals

The crystal and magnetic structures of pure
Nd,CuO,,; are shown in Fig. 1. Nearest-neighbor
Cu®" spins in the CuO, sheets are ordered antiferromag-
netically. The 3D order is such that the spin direction S
is along the 3D antiferromagnetic propagation direction
7. There is, in addition, a moment induced by the Cu-Nd
interaction on the Nd*' site as shown in the figure.
Nd,CuO,, 5 has the magnetic structure shown in Fig. 1
for temperatures 255> 7>75 K and 30 K> 7. In the
intermediate-temperature range, the spin reorients so
that SL7. Matsuda et al.® speculate that the spin-
reorientation transitions arise from a competition be-
tween the Cu?t-Cu?* and Cu?*-Nd** interlayer interac-
tions, with the latter changing with temperature because
of the depopulation of the Nd>" crystal-field levels.

We find, generally, that as-grown crystals of
Nd, §5Ce; ;sCuO, 5 have Néel temperatures in the range
125-160 K, presumably because of varying 8’s. Figure 2

Nd2CuOy4

FIG. 1. Crystal and magnetic structure of Nd,CuO, s for 75
<T <255 K and T<30 K. In the intermediate-temperature
range 30 <7 <75 K, the spin direction is rotated by 90° in the
CuO; plane.
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FIG. 2. Upper panel: temperature dependence of (101) and
(103) Bragg peaks. Lower panel: staggered moments for Cu
and Nd spins extracted from the Bragg peaks using the analysis
of Ref. 6.

shows the intensity of the (101) and (103) magnetic Bragg
peaks as functions of temperature for a sample with
Ty~125 K. From Fig. 2 it is evident that this sample
exhibits only the magnetic phase shown in Fig. 1 with no
intermediate spin-reorientation transitions. For the
structure shown in Fig. 1, the intensities of the (101) and
(103) peaks are given by®

I(101)~(M gy foa—1.2Myafna)? »

(1)
I(103)~(M¢yfeu +1.9Myafna ) »

where M and f represent the ordered staggered moment
and form factor of the Cu?t and Nd** ions. Using Eq.
(1), one may deduce the Cu?>" and Nd** moments sepa-
rately. These are shown in the lower panel in Fig. 2.
Presumably the Nd moments become fully ordered at a
temperature lower than 10 K. Identical behavior is ob-
served in other samples of Nd, §sCeq ;sCuO, .5 With vary-
ing Néel temperatures.

It is now well established that the paramagnetic spin
correlations within the CuO, layers for the pure materials
are well described by the 2D S =1 Heisenberg model.”
Three-dimensional long-range order results from the
small XY anisotropy and weak interlayer coupling.® In
the paramagnetic phase of such crystals, the large
nearest-neighbor exchange results in antiferromagnetic
correlations with a relatively long length scale &.



12 550

As described above, the instantaneous correlations are
measured using a two-axis configuration. Scans along A
through (10)) yield single (commensurate) Lorentzians
whose half width at half maximum is just £~ !. Represen-
tative data for a sample with 7, =160 K are shown in
Fig. 3. As may be seen from the figure, these experiments
are much more difficult than those in La,CuO, (Refs. 2
and 7) because of the large background from the Nd**
paramagnetic scattering. The inverse correlation lengths
£ determined from such two-axis scans are shown in
Fig. 4 for two as-grown crystals of Nd, 3sCe; ;sCuOy, 5;
also shown are data for Nd,CuO,.s; from Thurston
et al.® For the 2D S=1 Heisenberg model, theory pre-
dicts renormalized classical behavior:’

—e fic
8 2mp,

exp(2mp, /kT) , (2)

s

where #ic is the spin-wave velocity and p, is the spin
stiffness. In the pure system, the renormalized spin-
stiffness constant p; is simply related to the nearest-
neighbor exchange J by 2wp,=aJ, where spin-wave
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FIG. 3. Two-axis scans across the 2D rod (h,0,0.33) for as-
grown Nd, 3sCey sCuO, with T =160 K. The spectrometer
configuration was open-30'-S-60’. The peak at # =0.8 is due to
an impurity phase. The solid lines are the results of fits to a 2D
Lorentzian convoluted with the instrumental resolution func-
tion.
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FIG. 4. Inverse correlation lengths vs temperature for two
as-grown Ce-doped single crystals. Data for Nd,CuQ, are from
Ref. 8. The solid lines correspond to Eq. (2), with 27p, =50
meV (T, =125 K), 70 meV (T, =160 K), and 150 meV (pure
system), respectively.

theory predicts® a O 94, and the best fit to the data used
for La,CuO, gives'® a=1.1. For La,CuO, containing no
holes, Keimer et al. o find 2mp, ~ 150 meV. For undoped
Nd,CuO,;5 (Ty=255 K), the value from Thurston
et al.® (2mp, ~130 meV) in Eq. (2) gives the solid line for
the undoped crystal in Fig. 4. Our data for £~ ! in the
doped samples are clearly very limited. Nevertheless, as
is evident from Fig. 4, they are at least consistent with
Eq. (2), but with reduced values for the spin-stiffness con-

stants p,. Specifically, for the two Ce-doped crystals, we
find 2mp,~70 meV (Ty=160 K) and ~50 meV
(Ty=125 K), respectively. Thurston et al.® found

2mp,~80 meV for Pry4,Cey0sCuO04ys (Ty=170 K),
demonstrating that the suppression of 27p,; with Ce dop-
ing is a general phenomenon and that both 27p; and Ty
decrease in unison. This behavior for £ ! is an important
result whose significance we shall discuss in Sec. III.
Representative inelastic data at 6 meV in an as-grown
sample with Ty, =160 K are shown in Fig. 5. In these
measurements the energy transfer was fixed at 6 meV, the
out-of-plane wave vector was held at /=—1.1 and the
in-plane wave vector h was scanned through the (1,0,
-1.1) position. The spectrometer configuration was
40’-60'-S-60'-80", with the outgoing neutron energy E,
fixed at 14.7 meV. As may be seen in Fig. 5, resolution-
limited peaks centered about & =1 were indeed observed.
However, the signal-to-noise ratio was poor because of
the large g-independent background arising from the
Nd** paramagnetic scattering.!! The Nd**' ions gave
rise to a background which varied significantly with both
energy and temperature and, unfortunately, was quite im-
portant in the energy range of interest here.!' Neverthe-
less, one could reasonably estimate the relative magni-
tude and temperature dependence of the inelastic scatter-
ing. Data so obtained at 3, 6, and 9 meV for tempera-
tures between 10 and 300 K are shown in Fig. 6. This
temperature variation mimics rather well the behavior
found by Yamada et al.” in pure La,CuO, (see their Fig.
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FIG. 5. Three-axis scans across the 2D rod at an energy
transfer of 6 meV along (h, 0, —1.1) for three temperatures in
an as-grown crystal. The spectrometer configuration was
40'-60'-S-60'-80', with E fixed at 14.7 meV.

9). Thus the basic character of the spin dynamics does
not seem to be appreciably changed by the doping.

In summary, as-grown samples of Nd,; 3sCey 15CuQOy 5
exhibit Néel ordering, instantaneous spin correlations,
and spin dynamics which are isomorphous to those in the
pure materials. The only notable difference is that the
spin stiffness p; and, hence, the temperature scale are
significantly diminished by the Ce doping. As we shall
now discuss, the effects of deoxygenation are much more
drastic.

B. Reduced and annealed crystals

The crystals were subjected to various heat treatments
in reducing and oxidizing ambients in an effort to convert
them as thoroughly as possible to the superconducting
phase. The most effective of these was a 20-h reduction
in Ar at 950°C followed by a 20-h anneal in oxygen at
500°C, although it should be emphasized that the
efficiency of the reduction process was sample depen-
dent. Figure 7 (lower panel) shows the (101) magnetic
Bragg peak for one of the crystals before and after this
procedure. The as-grown crystal in this case had a Néel
temperature of 160 K. After reduction and annealing,
the magnetically ordered component was reduced to
about 30% of its initial value; the Néel temperature of
this residual phase was ~80 K. Results for a second
crystal are shown in Fig. 8. In this case there is a residu-
al antiferromagnetic phase of relative volume ~0.1. In
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FIG. 6. Integrated inelastic intensity vs temperature at ener-
gies of 3, 6, and 9 meV in an as-grown crystal with T =160 K.
The solid lines are guides to the eye.

none of the crystals and by none of the reduction and an-
nealing procedures were we able to reduce the magneti-
cally ordered fraction by more than a factor ~ 10.

After reduction and annealing, the crystals displayed
the superconducting transition seen in the shielding mea-
surements in the upper panels of Figs. 7 and 8. These are
results for the same samples for which the Bragg-peak
measurements are given in the lower panels. The mag-
netic moments in both samples show the onset of super-
conductivity at 23 K and transitions which are a few K
wide. Because the samples contained material that is not
part of the single crystal and because of the irregular
shape of the sample, it was not possible to determine the
Meissner fraction quantitatively, although it is unambi-
guous that we were observing bulk superconductivity.

Several crystals were reduced and annealed for various
lengths of time. It appears that the fraction of coexisting
antiferromagnetic phase remaining varies more from one
crystal to the next than it does with heat treatment.
However, the superconducting T, is independent of the
Neéel temperature of the as-grown crystal. It thus ap-
pears that the superconducting phase is always the same,
even though its volume fraction varies from sample to
sample. It is important to note that such detailed infor-
mation about sample homogeneity is not available in any
of the many other studies of superconductivity in the
Nd,_,Ce,CuO,, s system.>!> Thus much of the varia-
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FIG. 7. Upper panel: M /H vs temperature after reduction
and annealing. The sample was cooled in zero magnetic field.
Lower panel: (101) Bragg-peak intensity before and after reduc-
tion and annealing. The same single crystal was used for all
measurements as well as those in Figs. 3, 5, and 6.
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bility in results between different groups and indeed some
of the outright contradictions may originate from im-
properly assessed inhomogeneities. 2

We carried out an extensive survey of the spin dynam-
ics in the superconducting crystals. Representative re-
sults at 6 meV are shown in Fig. 9. These should be com-
pared with the data in Fig. 5, which were carried out
with the identical spectrometer configuration on a similar
crystal before the annealing procedure. The background
scan in Fig. 9 was measured by tilting the crystal around
the scattering vector by 12°. As is evident in Fig. 9, we
find no magnetic signal above the background to within
the statistical error for the superconducting crystal (Fig.
8) containing ~ 10% of the antiferromagnetic phase.

Unfortunately, because of the high background and
concomitant low signal-to-noise ratio in the antiferro-
magnetic phase dynamical signal, one can only draw a
weak conclusion from the data shown in Fig. 9.
Specifically, if in the superconducting phase the inverse
correlation length was increased to £ '~0.1 reciprocal-
lattice units (r.l.u.), then no magnetic signal could be seen
above the background; for example, with £~ '~0.1 r.Lu.
and an integrated signal comparable to that in Fig. 5, one
could have a maximum signal of ten counts at the peak
for the scans shown in Fig. 9. Such a signal could clearly
not be separated from the background in a reasonable
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FIG. 9. Three-axis scans across the 2D rod at an energy
transfer of 6 meV in a sample which had been reduced and an-
nealed. The background scans were obtained by tilting the crys-
tal by 12°. The sample was the same as that used to obtain the
superconducting data shown in Fig. 8. The spectrometer
configuration was 40'-60'-S-60'-80', with E fixed at 14.7 meV.



45 MAGNETIC ORDER, SPIN CORRELATIONS, AND ...

counting time. Thus we can only say that in supercon-
ducting samples of Nd, 3sCe; 15CuO, the inverse magnet-
ic correlation length and/or any incommensurability
must be of order 0.1 r.l.u. or greater. This is comparable
to values in the hole-doped superconductors. !*

III. DISCUSSION AND CONCLUSIONS

To understand fully the implications of our results
on the single-layer electron-doped material
Nd, 3sCey 15Cu0O,, 5, it is useful to compare them
with those for the single-layer hole-doped material
La, ,Sr,CuO,,s. As demonstrated in the recent work
of Keimer et al.,'* the reduction of Ty by Ce doping in
Pr, _,Ce,CuO, is much more gradual than that by oxy-
gen or Sr doping in La, _, Sr,CuO,,s. In the former Ty
decreases at a rate of ~9 K/at. %, extrapolating to zero
at ~25% Ce, whereas in the latter the rate is ~160
K/at. %, extrapolating to zero at ~2% hole concentra-
tion. Using the values of Ty measured here for
Nd, §5Ce ;s5CuOy445 we find a rate in good agreement
with the results for Pr,_,Ce,CuO,,s. Keimer et al.'*
also showed that Zn doping of La,CuO, reduces Ty at
the same rate as Ce doping of Pr,_,Ce,CuO, 5. Since
Zn substitutes for Cu but has one more valence electron,
its addition increases the number of electrons in the CuO,
layer, as presumably does Ce doping in Pr,_, Ce CuOy g
and Nd,_, Ce,CuO, s.'> However, in the case of Zn
doping, the electron is tightly bound, whereas the nearly
metallic conductivity resulting from Ce doping suggests
that the electrons in the latter case are more mobile. 1

Figure 4 illustrates a second remarkable difference be-
tween the magnetic properties of the electron- and hole-
doped materials. Doping with Ce clearly reduces the
spin-stiffness constant from the value it has in the un-
doped material. However, no such reduction happens in
the case of La,CuO, doped with Sr or O. In the latter the
correlation length at high temperatures is essentially un-
changed by doping. For example, the inverse correlation
length at 500 K is 0.02 r.l.u. in a crystal with Ty =325 K,
which contains no excess holes and is only ~10% larger
at the same temperature in a crystal doped with oxygen,
to give Ty =100 K.'® Birgeneau et al.'® recently report-
ed that even in crystals in which there is no 3D long-
range order, the high-temperature behavior of the corre-
lation length is essentially unchanged, following

E7'=60 "+ Epure » 3)

where §pu,e is the temperature-dependent inverse corre]a-
tion length of the undoped material [Eq. (2)] and &, ! is a
temperature-independent inverse length determined by
the hole density. Thus, even in crystals with 4% holes
per Cu atom in which the 3D order is destroyed, one
must raise the temperature to ~500 K to obtain inverse
lengths ~0.02 r.l.u. larger than the zero-temperature
value. By contrast, to reach an inverse correlation length
of ~0.02 r.l.u. in Nd, 4sCeq 15CuQ, 5, one needs to raise
the temperature to only ~200 K.

As discussed by Matsuda et al.,® the three-
dimensional long-range-order transition temperature in
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Nd,CuOy, is determined primarily by the weak XY anisot-
ropy term in the spin Hamiltonian. The Néel tempera-
ture can be estimated by (£/a)*Jyy ~kTy, where Jyy is
the XY anisotropy and a is the nearest-neighbor Cu-Cu
distance; because of the exponential dependence of & on
ps/T [Eq. (2)], Ty will approximately scale with 2vps
Thus the observed suppression of 27p; by a factor of ~
is consistent with the suppression of T from ~255 to
~125 K.

Keimer et al.'* suggested that, notwithstanding
the differences in transport properties between
La,Cu;_,Zn,0, and Pr,_,Ce,CuO,,;, the addition of
electrons leads, in both cases, to dilution of the Cu spin
system. On the other hand, Aharony et al.!” suggested
that hole doping leads to frustration. Similar ideas were
proposed by Luke et al.®> The behavior illustrated in Fig.
4 of the correlation length in Nd,_,Ce,CuQO,, s is con-
sistent with the idea that electron doping results in dilu-
tion. It is of interest to carry this intuitive idea one step
further to determine the quantitative implications.

The magnetic behavior of diluted lattices has been dis-
cussed extensively by Harris and Kirkpatrick.'® In par-
ticular, they have determined the dependence of p, on di-
lution for various lattices. The results for the square lat-
tice are shown in Fig. 3 of their paper. For a simple
square lattice with nearest-neighbor interactions

(p)=[1—-3.1(1—p)]p,(1), where p is the fraction of
sites occupied by a spin and p,(p) approaches zero for
p=0.593, the nearest-neighbor square-lattice-site per-
colation threshold. Thus, from the data for p; shown in
Fig. 4, we may extract an effective Cu’* spin density p ¢
in each sample. For pure Nd,CuO,,; by definition,
p=1. For the sample with Ty, =160 K, we have p (160
K)/p,(255 K)= 29 =0.57. From the above equation for

p)/ps(1), thxs corresponds to a dilution 1 —p £=0.14.
This is in remarkably good agreement with the measured
Ce concentration of 0.15. For the sample with Ty =125
K, one has p (p)/p,(1)= L% =0.43, which corresponds
to (1—p.4)=0.21 Thus the reduction of Ty from 160 to
125 K, presumably due to partial deoxygenation, involves
a significant increase in the effective (but not real) carrier
concentration.

Since we do not know the precise oxygen content for
each of our samples, our interpretation of the above re-
sults must be speculative. All of the data suggest that in
the Nd,_,Ce,CuO, system for x <0.15 the magnetism
in as-grown samples may be understood quantitatively on
the basis of simple site dilution. This implies that, to a
first approximation for each Ce ion, a Cu** S =1 ion is
converted to a localized Cu!t $=0 ion, in agreement
with the arguments of Tranquada et al.'> and others. !’
This behavior is completely different from what one
would have expected based on naive one-electron band-
structure calculations, be they one or three band. How-
ever, even in a quasilocalized correlated-electron picture,
it is quite surprising that the added electrons are not
more effective in destroying the planar CuO, magnetism.
As may be seen by considering the Nd,CuO, structure
(Fig. 1), one would have expected the added electron
from the Ce dopant to be shared equally between the four
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Cu sites which are symmetrically placed in the plane
nearest the Ce-dopant site. This should destroy the anti-
ferromagnetic order in the four sites in the plaquette and,
further, should generate frustration with respect to the
more distant Cu?" neighbors.?’ The fact that this does
not occur suggests that the added electron is predom-
inantly localized on a single Cu?* site. This can only
happen if the local square symmetry about the Ce dopant
is broken by the disorder.

Chemical analysis measurements indicate that the
change in oxygen density on deoxygenation is quite
small.’> Thus the concomitant change in electron density
in the CuO, planes must also be small, probably of order
1% or 2% for the carrier concentration in the CuO,
planes. The simplest possible model for the dramatic
effects of deoxygenation is that for a carrier concentra-
tion of order 0.15 per Cu; there is a first-order transition
from a weakly localized doped Mott antiferromagnet to a
highly correlated metallic and, at low temperatures, su-
perconducting state. Our data by themselves are con-
sistent with this scenario. However, this model would
leave two major problems unresolved. First, it does not
provide an explanation for the fact that the antiferromag-
netic state is stable for carrier concentrations as high as
~0.15. Second, the model does not explain why only
deoxygenation and not increased Ce concentration pro-
duces the superconductivity. Thus a more novel mecha-
nism seems to be required. Accordingly, we propose the
following simple, albeit highly speculative, model for the
role of deoxygenation in these materials.

There is, by now, quite persuasive evidence that as-
grown samples have an excess of oxygen.>2! Quite plau-
sibly, these excess oxygens will sit at the empty apical
sites (Fig. 1). This would serve to break the symmetry for
all nearest- and next-nearest-neighbor Cu plaquettes.
This in turn could serve to localize the dopant electrons
primarily on one Cu site—hence the good agreement of
27p,(x) with the predictions of the site-percolation mod-
el. In this picture the effects of deoxygenation are clear.
Removing the apical oxygens by deoxygenation would
tend to restore the square symmetry about the Ce-dopant
sites. (We are implicitly assuming here that the disorder
due to the surrounding Ce ions is less important.) This in
turn would cause the dopant electrons to be equally
shared by the four Cu ions in the plaquette. For a dopant
concentration of 0.15, one would then be beyond the pla-
quette percolation threshold (~0.1) and the long-range
Cu?" magnetic correlations would be destroyed. Con-
comitantly, the normal-state conductivity would increase
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and superconductivity would become allowed. This phe-
nomenological picture appears to be consistent with all
data in the literature. In this approach an optimal
reduction-anneal procedure would be one which removes
all of the interstitial oxygens but leaves the CuO, lattice
intact.

In summary, we have shown that as-grown samples of
Nd, §5Cep 15CuO, show magnetic ordering together with
static and dynamic spin correlations which can be under-
stood quantitatively with a simple site-dilution model.
The empirical effect of deoxygenation is to inhibit the
magnetic correlations so that the inverse magnetic corre-
lation length is at least 0.1 r.l.u. Superconductivity then
occurs in this highly disordered magnetic state. We have
proposed a speculative model for the microscopic effects
of the deoxygenation process. Specifically, we suggest
that the disordering potential of the interstitial oxygens
in as-grown samples tends to localize the doped electrons
onto single Cu sites, thence stabilizing the magnetic
correlations. The principal role of deoxygenation then
would be to remove this disordering potential from the
apical oxygens, thus restoring the symmetry about the Cu
plaquette and, in turn, destroying the Cu?" magnetic
correlations. In this highly disordered magnetic state, su-
perconductivity would presumably be allowed. Clearly,
further neutron measurements, especially on supercon-
ducting samples, are required to develop our empirical
description further. Careful measurements of transport
properties, including the Hall conductance in particular,
on the single crystals before and after deoxygenation are
also required.
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