Thermal stability of cationic-ordered layered oxides NaNdTiO4 AND Na2Nd2Ti3O10
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Layered perovskite-type oxides belong to the number of compounds perspective for creation of functional materials. They possess a wide spectrum of physical and chemical properties depending on their composition and structure: high ionic conductivity, high temperature superconductivity, colossal magnetoresistance, catalytic and photocatalytic activity. Recently in the fundamental and applied science the special attention is paid to the research directed on study of the mechanism of their formation and the optimization of the synthesis methods of homogeneous samples. However for the successful application of these materials in electronics, energetic and chemical industry it is necessary to have data on a temperature range of their stability.
In report we present results of the study on thermal stability of oxides NaNdTiO4 and Na2Nd2Ti3O10 that belong to the Ruddlesden-Popper phases and built by the intergrowth of alternating layers – Perovskite type blocks and Rock-salt type slabs. Difference of the structure of these two compounds consists in the thickness of perovskite layer formed by a two-dimensional net of octahedra TiO6, which in Na2Nd2Ti3O10 is three times more than in NaNdTiO4. Particularity of the structure of both compounds is full ordering of alkaline and rare-earth metal cations on structural positions in alternating layers (perovskite or rock-salt). Due to this fact considered compounds differ from isostructural compounds of alkaline-earth elements that are better studied. 

Thermal stability of layered oxides NaNdTiO4 and Na2Nd2Ti3O10 has been investigated by isothermal annealing-quenching method followed by X-ray powder diffraction analysis and methods of the thermal analysis with constant speed of heating (TGA and DTA) in the range of temperatures 780 – 1100°С and 1100 – 1400°С accordingly. The structure-chemical mechanism of the decomposition of layered structures and temperature intervals of phase transformations are determined. It was found that the structure of oxide Na2Nd2Ti3O10 with the threefold thickness of perovskite layer is more stable to high temperature influence, and moreover it is the product of NaNdTiO4 decomposition parallel with oxides Nd2TiO5 and Nd2Ti3O9. The decomposition of Na2Nd2Ti3O10 occurs at more high temperature 1400°С and results in the appearance of Nd2/3TiO3 and Nd2Ti2O7.

The comparison of oxides stability is carried out in terms of thermodynamic al and crystal-chemical point of view. The essential contribution in the phase transformations are brought by the effect accompanying change of the coordination environment of cations Nd+3 (C.N.= 9, 12, 6) and the Ti+4 (C.N.= 6, 5) and considerable distortions of their coordination polyhedra. The difference in the length of Na–O bond connecting various layers, taking into account the identical coordination environment of Na+ cations (C.N.= 9) in both compounds, results in the greater stability of Na2Nd2Ti3O10 layered structure in comparison with the NaNdTiO4.
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