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NONSTOICffiOMETRY IN OXIDES: EXTENDED DEFECTS IN PEROVSKITE-RELATED PHASES*

Formation of point defects in oxides corresponds to balance between enthalpy provided for creating vacancies or inserting interstitial atoms into the lattice and the resulting entropy increase. In fact, pairing or clustering of the defects minimizes free energy and may lead, if they are numerous enough, to micro-and even macrophases. An excess of defects will give rise to a second phase. For perovskite or perovskite related oxides extended defects may lead to cation ordering, introduction of intennediate Na Cl-type slabs, or, if they involve oxygen vacancies, to new coordination polyhedra of the B-cations. Their various configurations depend on the electronic structure of B. Specific physical properties may result, e.g. superconducting behavior in some copper oxides.

A notion which is quite important for understanding the behavior of oxides is the concept of defect pairing. 2 If, f o r instance, Wvv is fonnally the interaction energy of two anion vacancies (wvv is negative when the defects attract each other) one may show that there is a critical temperature Tc= -Wvv/2k above which the vacancies are randomly distributed, but below which the y tend to order. If the def ects are sufficiently numerous and lwvvl large enough, for T < Tc two possibilities may occur:

(a) formation of a unique ordered phase; (b) separation into two distinct phases. The structural mechanism is actually f o rmation of local clusters (wvv involving several neighboring cations) which, if sufficiently large, will nucleate a novel "microphase" with less anions. A second phase will appear for a critical composition representing the maximum number of vacancies the structure is able to accommodate. Both phases may be related in fact by an intergrowth phenomenon if they have structural analogies.

When the vacancy clusters develop enough to give rise to a microphase with rearrangement of the remaining anions, formation of "extended defects" is observed. Appearance of shear planes (Wadsley defects) as in the Magneli W 0 03 0 .1 or W 0 03 0 . 2 oxides, or alignment of the point defects in fluorite-type vacancy oxides are classical examples.

As far as Ml decreases due to ordering of the defects into regular arrays and may largely compensate for decreasing configuration entropy, particularly at low temperature, a sequence of ordered phases will be often more stable than a single phase with wide compositional variations. To understand the defect association mechanism choice of appropriate formulations and annealing process will be useful as.well as electron diffraction and HREM characterization. Nonstoichiometry of oxides of cubic perovskite-type and related structures is of particular interest due to the diversity of the crystallographic features, but also to their impact on many different properties (e.g. magnetic, electronic, dielectric, optical, catalytic). 3

It is well known that cubic symmetry for an AB03 perovsk:ite corresponds to a so-called Goldschmidt tolerance factor equal to 1 or slightly smaller. If t decreases enough (smaller A or bigger B cation) cation displacements and tilting of corner sharing B06 
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Similarities of the framework structures of LaCa2Fe:30g, YBa2Cu307 and Ba2Ca2(11Cu3)09. In the latter phase distorted "TIO" layers appear between the tops of the square-based Cu-pyramids, analogous to the tetrahedra layers between the octahedra sheets in LaCa2Fe:30g. Besides corner sharing square planar Cu04 groups form intennediate copper-oxygen layers between the pyramid bases.

La2-xSrxCuO 4 and La2-xBaxCuO4 are superconducting for small values of x close to metal-insulator transition. Tc is in fact small (i.e. in the 20-40 K range) but these materials have a historical importance as they were the first discovered high Tc oxides, giving rise afterwards to many investigations.56-60 Possible superconducting behavior has been recently suggested for the homologous La2-xSrxNiO 4 series (x 0.2).9 1

• La2CuO4 is a non-superconducting insulator, but a small excess of oxygen introduced either by anodic oxidation in a basic aqueous solution or by application of high oxygen or fluorine pressures leads to metallic behavior at room temperature and to a superconducting transition close to 40 K. The extra oxygen atoms occupy new tetrahedral sites in the NaCl layers of the K2NiF4 structure, inducing an anionic rearrangement. The presence in the perovskite layers of elongated copper octahedra is consistent with formation of some Cu 3+ , but the short 0-0 distances resulting form the anion excess evidenced by neutron diffraction (1.64 A) do not exclude temporary occurrence of peroxide species. 9 3, 94 Ba2 YCu3O7_ 0 bas a superconducting behavior which depends on o, as far it is orthorhombic, with Tc often exceeding 90 K. The decreasing values of Tc (Fig. 15) at rising 8 may be related to cutting of the square chains resulting from oxygen departure. The plateau observed in the 0.2 < 8 < 0.4 range which is also reflected by magnetic and electric layer structures, as far as they will be determined in detail, the present disagreement being lifted, should allow to formulate the hypothesis that superconductivity results simultaneously from an equilibrium involving Cu + and Cu 3+ as well as Bi 3+ and Bis+ (or TI+ and TI 3+ ). Presence of Pb 2+ seems to enhance slightly the superconductivity of the thallium oxides.72 Rising number of copper-oxygen planes apparently increases also Tc but multiplication of the Cu-O layers makes more difficul_ t growing single crystals with homogeneous stacking and leads quickly to saturation of such possibilities. 69 
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Layer structures proposed for some recent bismuth or thallium superconducting oxides. For most of these phases the oxygen positions are still controversial.

The occurrence of two disproportionation mechanisms in the bismuth and thallium cuprates, so far it would be confinned, could account for the larger resistivity dropping domain observed at decreasing temperature for the concerned oxides.

The crystal chemical developments in this area, where phonon electron interactions are essential, are delayed by the difficulty to obtain pure phases, stable temperature and with a crystal quality sufficient to allow precise structural detenninations, at least by TEM.

Despite complexity of the conduction mechanism the present copper • oxides are narrowly related to the defect perovskite-like oxides previously investigated. The type of defects differs indeed with the formulation, the prevailing factor being the electronic configuration of the B cation. The fact that the only 3d-element leading unambiguously to superconductivity is copper and that in the superconducting oxides substitution of copper by homologous cations leads quickly to vanishing of the phenomenon may be attributed to a relatively unique feature, most likely the mentioned activation energy-free disproportionation mechanism favored by the crystal structure. Such a coïncidence probably explains why so few superconducting oxide series have been found and why most of the layer type materials concerned have strong structural similarities. [START_REF] Pouchard | Proc. MRS Meeting, High Tc Oxide Symp[END_REF] The recent breakthrough in the field of superconducting copper oxides emphasizes in any case two general rules in solid state chemistry: the necessity never to renounce to prepare new materials and the importance not to separate new phenomena from their scientific background.

  FIG. 6 Idealized representation of the manganese-oxygen framework in CaMnQi.s. Other members of the series are Ca2LaFe3Og, Ca3Fe2TiOg (n=3) and C84,Fe2Ti2O11 (n=4) with layer sequences ootoot and oootooot, respectively (Fig. 7). Intergrowth phases have been reported. If they have a relevant composition and if the corresponding slabs are thin enough a regular succession of the previous motives may be detected by HREM. Ca5Fe4TiO13 and C84 YFe5O13 (n=2.5) contain for instance altematively n=2 (otot) and n=3 (ootoot) sheets. 3 0 Ca7Fe 6 TiO1 8 (n=2.33) should be characterized by an ototoot sequence, but many stacking faults actually appear due to the complexity of the expected packing (Fig. 8). Isolated point defects occur only in iron oxides for a very small number of oxygen defects. As their number increases they result in the formation of tetrahedra rather than bipyramids as already expected 10 years ago from conductivity vs. oxygen pressure measurements. 8 6 The tetrahedra align easily for a rising proportion of oxygen vacancies these files may form planes, which in turn tend to order. But when Fe 4+ is present, for example in CaxLa1-xFeO3 -Y. samples (0.25 � y < 0.5) prepared in air at 1400 °C, whereas x-ray diffraction seems to characterize a cubic perovskite-type structure (a� 3.85 A), electronic diffraction and HREM show actual formation of three dimensionally oriented intergrown microdomains of brownmillerite or Ca2LAFe3Og (grenierite) bulk compositions. The dimension of the
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