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Layered transition-metal oxides and chalcogenides have been
extensively studied for the last several decades because of their
novel physical and chemical propertlesOnly a few studies
have been on layered oxychalcogenides that are composed of
transition-metal oxide and transition-metal chalcogenide layers.
Structure integration of these two types of layers presents a new
route to achieving new electronic and magnetic properties via
layer interaction. The first related example is copper oxide
selenide NagiCw,SerCu,0,2 where Cu is bonded to only one
kind of anion O or Se. Recently, we prepared and identified
several new members,&wLMO,S, (M = Mn, Co, Zn; A=
Sr, Ba)? They are isostructural with $vinzAs,0,,* with square
planar MQ layers interleaved with G&, layers, where the
transition metal M has no significant bonding to S at its apical
site. SpCwC00,S, exhibits interesting magnetic properties with
two consecutive magnetic and resistive transitions around 100
and 200 K and a spin-glass behavior at low temperature. In
this communication, we report the synthesis and characterization
of a new gallium oxysulfide, $€EuGaQ@sS, with an unusual
layered structure, where Ga is in a square pyramidal arrangement
of oxygen, a rare coordination geometry for Ga.

The compound $S€uGaQS was synthesized by heating a
pellet of stoichiometric amounts of SrS, £y SkGa0g, and
Ga0; sealed in an evacuated quartz tube at 950or 12 h,
which yields a brown single-phase material. EDX analysis on Figure 1. Structure of SiCuGaQ$, showing alternate stacking of the
eight crystallites gives the average atomic ratio Sr:Cu:Ga:S CwS; layers and the square pyramidal Ge@yers.
2.05(12):0.95(8):1.02(8):0.98(6), much close to the stoichio-
metric composition. X-ray diffraction characterization was
performed on a Rigaku-Dmax diffractometer. Intensity data

Table 1. Atomic Coordinates and Isotropic Thermal Factorg)(A
for SLCuGaQS?

were collected in the rangef2= 15—-105 at steps of 0.02 X y z B
using Cu ko radiation. SgCuGaQs crystallizes in a tetragonal Ga Yy Yy 0.3144(2) 0.21(6)
structure with space group4d/nmmunder the reflection condi- Cu Y s 0 0.71(7)
tion h + k= 2nfor hk0. Lattice parameters were determined Sr(1) _i/“ _1/4 0.1842(2) 0.06(1)

to bea = 3.8606(4) A andc = 15.730(2) A. The structure 5@ i e 0.4140(1) 0.28(6)

0 6(4) () ! s Y, Yy 0.0940(3) 0.64(13)
model shown in Figure 1 was proposed on the basis of 1) Y, —1, 0.2899(4) 0.40(21)
alternating the anti-PbO type €% layer with a gallium 0(2) 1y Yy 0.4270(6) 0.81(31)
perovskite oxide layer (Gaf{SrO)(SrO)(Ga®) separated by 2R, = 4.41%,Rup = 6.14%,Re = 5.50%,S = 1.11,Rs = 3.48%,

Sr. Initial atomic positional parameters were estimated from r_='3 120 See ref 6 for definitions @, R factors, and goodness-
the bond valence sum ruteStructure refinement was performed  offit S

using a DBWS-9411 version of the Rietveld progranire-

ferred orientation along [001] was corrected using a March  factor of Sr(1) probably was due to the geometrical constraints
Dollase function. Satisfactory fitting was achieved between of jts eight coordination anions, four O(1) and four S, which
observed and calculated patterns. Table 1 lists atomic param-gre arranged highly symmetrically.

eters and thermal factors. The comparatively smaller thermal One important structural feature of . SuGaQs is that Ga

- - - and O form a square pyramidal Gat@yer. This is the first
@ (S?h\?vfi'gztr" ?" \X\/ .;Sl_jt‘:ilaeennczt?égESN.Zg,h;S?llgé'(E)e:XIigggsc;r:ll,’ &253 example of Ga with this coordination configuration in an
(c) Fleming, R. M.; Ter Haar, L. W.; DiSalvo, F. Phys. Re. B extended structure. There is no significant bonding between
1987, 35, 5388. _ _ ) ~ Gaand S at its apical site. Their atomic distance 3.419(6) Ais
@ Egﬁlﬁstz?di’s,Dﬁ?E?f’cthe%. f\:ﬂ'éteslrclggglg’gf]' L., Kannewurf, C. R\ ich longer than the sum (2.46 A) of their ionic radii. 3Ga
(3) (a) Zhu, W. J.; Hor, P. H.; Jacobson, A. J.; Crisci G.; Albright, T. A.; usually occurs in either tetrahedral or octahedral geometry.

Wang, S.-H.; Vogt, TJ. Am. Chem. Socto be published. (b) Zhu,  Square pyramidal geometry, which is ordinary for some
W. J.; Hor, P. HJ. Solid State Cheni997 130, 319.

it 3 +  \j4+/\/5+
(4) (a) Brechtel, E.; Cordier, G.; Sdlea, H. Z. Naturforsch., BL979 34, transition-metal elements such as*FeCi?*, V#*/V®*, and
777. (b) Stetson, N. T.; Kauzlarich, S. Nhorg. Chem 1991, 30, Mn3*, even is rare in its isolated species, where only HGa-
3969. (BH4)2"2and two complexes, a Ga(lll) amino thiolate compfex
(5) Brown, I. D.; Altermatt, D.Acta Crystallogr 1985 B41, 244. 7c
(6) Young, R. A.; Sakthivel, A.; Moss, T. S.; Paiva-Santos, CJGAppl. and GaCl(2CNMe),, ¢ bear such a structural feature. Fog-Sr
Crystallogr. 1995 28, 366. CuGaQs, this sterically unfavorable oxygen arrangement
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around Ga forming a layer is stabilized by the good geometrical A2) for Cu and much larger (2.2%for Ga. Also, the bond of
and charge compatibility of the rigid layer (€%)2~ and the Cu to its apical oxygen (1.820 A) is too short, never observed
gallium perovskite oxide layer [(Gaf§SrO)(SrO)(Ga@)]% . Sr- in any layered cuprates. This case is quite similar to that of
(1) is well above the S plane (1.42 A), which was defined as SLCW,LC00,S,, in which no Cu substitution occurs in the square
perpendicular to the axis, driving the next Gagayer farther planar CoQ sheet. Further neutron diffraction studies are
away from the S plane. All bond lengths are within their normal necessary for direct evidence.

ranges. A bond valence calculation gives Ga the atomic valence One related, but different, layered oxychalcogenide series is
2.97, consistent with its ionic valence3. Although X-ray (ROW(MxQy),1* where R= rare earth, M= Cu, Ag, Ga, In,
diffraction analysis cannot determine possible partial antidoping Ge, Sn, As, Sb, Bi, and & S, Se. These compounds contain
between the Cu and Ga sites, the unreasonably high atomicrocksalt or antifluorite-type chalcogenide layers of M separated
valence (1.98) estimated for monovalent™Cat the Ga site by the fluorite-type oxide layers ®,. There is no bonding
precludes this possibility. Cti, which is usually in a square  between M and oxygen. £uGaQs presents the first layered
planar, square pyramidal, or elongated octahedral oxygenoxysulfide with a square lattice of G& and a perovskite oxide
environment, is impossible in this system coexisting with the layer, where Ga is in an unusual oxygen coordination geometry.
sulfur anion. In numerous sulfides such as CKEu,S,,° and This result prompted us to explore related phases with other
NaCuwS,1° Cu is always monovalent. 2S was found to be elements, revealing several new layered oxysulfides suchyas Sr
oxidized by C@", resulting in the formation of SrSOn the CwFe05S; and SgCuMOsS (M = Cr, Fe, In). Details will be
sample with the nominal composition of,.8150,S,, which was reported elsewhere.
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