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Layered transition-metal oxides and sulfides with square metal
anion lattices have been extensively studied because of thei
unusual electronic and magnetic properties. Novel insulator

metal transitions, superconductivity, and charge-density waves

have been observed in these layered materiaBnly a few

studies have examined layered late-transition-metal oxychalco-

genides that are composed of transition-metal oxide and
transition-metal chalcogenide layers. The first reported example,
Na ICUSeCu0 22 exhibits metallic behavior below 250 K.
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Figure 1. Structure of ACL,CoG,S; (A = Sr, Ba), showing alternate
stacking of the Co@and CuS; layers. Selected atomic distances (A)
for SLCWCO0O,S; from single-crystal X-ray data: CeO, 1.9905(5);

fCo-S, 3.008(1); CuS, 2.432(2); St0, 2.5776(7); S¢S, 3.1311(13).

CwCoG;:S; was determined by single-crystal X-ray diffraction
and found to be isostructural with $tn;As,0,° (see Figure

1). The distribution of Cu and Co ions between the two layers
in SLCWCOG;S, was determined by powder neutron diffraction.
Surprisingly, the cobalt cations were found only in the square-

Combinations of transition-metal oxide and chalcogenide layers planar oxide layer, while Cu is located in the anti-PbO type
are of interest because of possible novel electronic and magneticCw,S, layer. The refinements of the single-crystal X-ray and
properties resulting from interactions between the two types of the neutron diffraction data both indicate an anomalously large

layers. Here, we report the synthesis and characterization ofthermal parametet)c,, for the Cu atom. A similar result was

the first layered cobalt oxysulfides 8u,CoOS; (A = Sr, Ba),
which contain unusual square-planar Gd&yers. The com-

obtained from the refinement of the X-ray powder data fos-Ba
Cw,Co0,S,. Further refinements of the Cu site occupancy using

pounds show successive magnetic transitions and spin-glassoth sets of SCu,CoO,S, diffraction data suggested that the

behavior at low temperatures.
The compounds A,CoG,S; (A = Sr, Ba) were synthesized
by reaction of SrS/BaS, Co, and CdOThe structure of Sk
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= 6.32%,R, = 5.10%,y2 = 1.74. X-ray powder diffraction data for Ba
CwCoOS; were collected at 28C with Cu K, radiation, 18 < 26 <
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largeUc, might be due to a small Cu deficiency. Refinements
in which Uc, was fixed at a value equal tde, gave comparable
Cu deficiencies 0of~5%. Refinements of various other structure
models including site mixing of Cu and Co atoms and
displacement of the Cu atom from its ideal position were not
successful in reducingc,. To confirm the possibility of Cu
nonstoichiometry, a pure phase with a 12.5% Cu deficiency,
SKCu 75C00S,, was synthesizetl. The lattice parameters of
this compound, determined by X-ray diffraction with silicon as
an internal standard, contract by 0.15% for thaxis and by
0.23% for thec axis relative to the parent “stoichiometric” phase.
While a small Cu deficiency in 3€wC00,S, seems the most
likely explanation for the present data, other more subtle
structural effects are possible and will be investigated further
by electron diffraction.

The ACwCoOS; (A = Ba, Sr) phases are, to our knowledge,
the first examples of a square-planar Gd&yer. The square-
planar MQ layer has previously been reported for 3 Cu,

Ni, Mn, and Zn in the compounds NAuQy® LaNiO,,” Sr-
MnzAs,0,,5 and BaZns:As,0,,8 respectively. Tight binding
calculations with an extended kel Hamiltoniad were carried

out to examine the electronic structure of the new phases. Since
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Cu is more electronegative than Co, one would expect that the
Cu 3d based levels will lie at lower energy than those derived
from Co 3d. However, the O and S atomic orbitals destabilize
and split the Cu and Co 3d levels as given by their local
coordination geometries. The Cu levels are consequently split
into a three above two ftand e) pattern consistent with the
tetrahedral environment. Antibonding from the S lone pairs
serves to push the set to moderately high energies, and it is
these crystal orbitals that contribute at the Fermi level. The
Co 3d orbitals are antibonding to the O lone pairs and split
into a pattern consistent with the square-planar geometry. At
the highest energy is an empty band of Ce3d (where thex,

y, andz axes correspond to ttee b, andc axes, respectively, in
Figure 1) antibonding to the O lone pairs invasense. The
remaining Co 3d levels lie in the vicinity of the Cudet. The
basic electronic structure then is a slightly larger thasgliare-
planar Co layer and a slightly less thal? tetrahedral Cu layer.
The exact details are very sensitive to the lattice dimensions
and parameters used in the calculation. In the structure,ef Sr
CuCo00,S,, the Co-S (apical) distance (3.008(1) A) is much
longer than a typical bond (2.36 A in BaC49, indicating only
very weak Ce-S bonding between Ca® and CuyS,2~ layers.
This is also consistent with our calculations. The-Qudistance
(2.432(1) A) in the structure unit G8, is comparable to the
value of its many related copper sulfides (e.g., 2.413 A in
BaCuS,!h).

The electrical conductivity of the polycrystalline sample-Sr
CwCoOS; measured by the standard four-probe method shows
semiconducting behavior with a resistivity of abou€4cm at
300 K. This is about 10 thousand times lower than that of the
pure Ba-containing analogue Ba»,Co0,S,. The more Cu-
deficient sample $€uw 75C00,S; has a lower resistivity than
that of SECuwLC00,S,. The resistivity also can be modified by
aliovalent doping. Partial substitution of ¥afor S+ and Na

for S?* increases and decreases, respectively, the electrical

conductivity. The magnetic susceptibility data (see Figure 2)
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Figure 2. Zero-field and field-cooled magnetic susceptibilities for A

CwCoO:S; (A = Sr, Ba) measured at 0.5 T. The data for=ABa
were multiplied by a factor of 3.2.

between fc and zfc susceptibilities beginning at this temperature
suggests spin-glass freezing of ferrimagnetic clusters. At
temperatures below 30 K, the fc susceptibility is enhanced, while
that of zfc again exhibits a freezing behavior. The magnetic
behaviors of ACwCoG,S; (A = Sr, Ba) above 80 K are similar

to that of LaCoQy? which also shows successive antiferro-
magnetic transitions.

Additional single-crystal neutron scattering studies are neces-
sary to solve the detailed magnetic structure and its temperature
dependence. The synthesis of these layered transition-metal
oxychalcogenides, £,CoO,S; (A = Sr, Ba), suggests a new
approach to other novel phases with perovskite oxide layers
stacked with the fluorite type copper chalcogenide layers
CwnQn+1 (Q =S, Se). Preliminary results with other elements
do indicate the formation of such a broad class of new materials.
Further studies are underway to explore new electronic and
magnetic properties in this system.
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and 225 K with no difference between field cooling (fc) and
zero-field (zfc) cooling. The Sr-containing phase, on the other
hand, shows a more complicated behavior. In addition to two
broad transitions at about 100 and 200 K, a crossover, possibly
antiferromagnetic to ferrimagnetic transition, takes place at about
80 K as indicated in the fc data. The difference observed
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