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Cristallogenese, 72025 - Le Mans CEDEX 09 - France Perovskite materials (La,Mn)-doped PbTikave been prepared by solid state

reaction method. X-ray diffraction (XRD) data were collected by SIEMENS
In the past 20 years many studies have been devoted to the struct@@000 diffractometer in two regimes and Rietveld refinement of the XRD data
characterization of cubic perovskite compounds, of the form ABXis has was used to determine the crystal structure and oxygen content for a series of
been mainly due to the wide variety of potentially important technologicaamples. The first regime concerns room temperature. For x = 0 the crystal
properties shown by these materials, e.g. Ferroelectricity, ionic conductivistructure of PhLa,TiOs* (PLT) has tetragonal symmetry belonging to space
superconductivity, etc. Phase transitions on these materials are thought tayfmip P4/mmm (123) with the unit cell parameter ratio c/a = 1.063. When x
caused by tilts of rigid BXoctahedra, even in the case of large tilt angles. lincreases, the parameter a increases but ¢ decreases leading to a gradual reduce
rigid BXs octahedra are so important for understanding the behavior of thesithe c/a ratio which reaches 1 at x = 0.15. There thus occurs a tetragonal-to-
materials, it is clear that the study of systems involving phase transitions withbic phase transition. As for Bha,TioedMnooOs™ (PLTM) a similar
rigid octahedra forming only a 2-dimensional array, could provide addition&iansition occurs but with a quicker rate and, as a result, in the cubic phase the
insight on the theory of phase transitions. Moreover, it will help towardsnit cell of PLTM is bigger than that of PLT. In the second regime x is fixed to
understanding issues like the displacive character of ferroelastic transitionspas0.08 but the temperature is increased from the room one to 630°C and then
it simplifies the problem. 2-Dimensional arrays of octahedra like the onelecreased back to the room temperature. For most of the samples experimented
mentioned previously are found, for example, in tetrafluoroaluminates MAIRhe tetragonal symmetry changes and the cubic phase is formed starting from
(M=TI, Rb,K,NH,), where several phase transitions are observed. In thabout 500°C up to 630°C. The reverse cubic-to-tetragonal transition however
communication we will be introducing CslpFa new material of the ABX takes place at about 575°C when the temperature decreases from 630°C down
family. Csink, appears to have a number of temperature dependent phasehe room temperature displaying a kind of hysteresis. It is also observed that
transitions based on the tilting of the §ndctahedra. Dielectric measurementsthe oxygen non-stoichiometry depends on X in a non-monotonic manner and
clearly show the presence of four distinct phases with transitions at 280 K, 3@tysical properties such as piezoelectric are quite sensitive to the addition of
K and 415 K. In addition, the transitions have been verified and furthém.
characterized by Differential Scanning Calorimetry (DSC), variable
temperature X-ray powder diffraction and single crystal neutron diffraction
experiments. Results and conclusions drawn from these experiments will be
presented. Keywords: X-RAY POWDER DIFFRACTION, PEROVSKITE

MATERIALS, RIETVELD REFINEMENT
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The first example of an A cation ordered manganese oxide perovskite was tlaoratory Parks Road OXFORD OXFORDSHIRE OX1 3PU UK
oxygen deficient YBaMsOs reported by Chapman et al.[1], in which double
pyramidal manganese layers containing'Beations were interleaved with Lead magnesium niobate titanate, [1-X]Pb{M¥,/s)Os:[X]PbTiOs (PMN-
oxygen-free yttrium layers. More recently, Millange et al.[2] have synthesisdRIT), has the perovskite structure, with general formula ABO3. PMN-PT is
the analogous LaBaM®@s, and by careful reoxidation, a form of LaBaMy  currently attracting interest for its high piezoactivity, reaching about ten times
in which the La/Ba cations are ordered along the ¢ axis. We have investigatee value of that for the commonly used material lead zirconate titanate
the Tb analogue ThBaM®@s. The 300 K powder neutron pattern of this phasgPZT)[1]. As well as ceramics[2], our own work suggests that, unlike PZT, it is
is fitted by a monoclinic modelP@,/m, a = 5.56036(6), b = 5.56051(6), ¢ = possible to grow PMN-PT in single crystal form across the entire composition
7.63694(6) Ap = 90.230()") containing two distinct Mn sites, consistent with range from x = 0 to x = 1. Thus, the material has great potential for industrial
Mn*/Mn** charge order. The two Mn sites exhibit large distortions fromapplications. In PZT, it is known that the increase in piezoactivity is
octahedral symmetry, with average Mn-O bond distances equal to 1.93 A fmcompanied by a sudden change in crystal structure from a rhombohedral
Mn** and 1.99 A for M. There is evidence for orbital ordering at the latterphase to a tetragonal phase at the so-called morphotropic phase boundary
site. The charge order in ThBab@y is of the rocksalt type, and not the striped(MPB). It is believed that PMN-PT exhibits an analogous rhombohedral-
arrangement as observed in materials with disordered A cations suchtetsagonal MPB at about x = 0.35. By using a method of birefringence imaging
(Lap sCa5)MNO;[3]. Susceptibility measurements show an antiferromagnetiemploying a rotating polarizer technique[3], the positions of the phase
ordering below 20 K and this is confirmed by low temperature powder neutréransitions of a single crystal can be mapped out against temperature. By
diffraction patterns, which show a magnetic supercell with a = 2a, c=2c.  combining data from crystals of a range of compositions, the complete phase
References diagram for PMN-PT may be established. The rhombohedral phase of PMN-
[1]3.P. Chapman, J.P. Attfield, M. Molgg, C.M. Friend, and T.P. Beale®T differs from cubic by only very slight distortions, making its parameters
Angew. Chem. 35, 2482 (1996). [2]F.ilnge, V. Caignaert, B. Domenges, difficult to measure by any but the most sensitive techniques. By taking x-ray
and B. Raveau, Chem. Mater. 10, 1974 (1998). back-reflection photographs, the rhombohedral splitting of some spots can be

detected. The lattice parameters and rhombohedral angle may be calculated by

measuring the positions and splitting of these spots.
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