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Polyselenides of rare-earth metals are of interest due to their ability to electronic-structural  transitions. The probability of such transitions increases for polyselenides with low Se/Ln ratios. This phenomenon is predicted in theory but experimental investigation is not realized owing to lack of high-quality crystals. The preparation of such crystals is a difficult problem without knowledge of the thermodynamic parameters  (pSe(T, x)), which define the condition of crystals growth.  Numerous literature data have fragmentary and contradictory information about quantity of polyselenide phases and their real nonstoichiometry. 

The aim of this work is to obtain reliable data on  pSe-T-x diagrams and on the thermodynamics of the dissociation processes in the LnSe2-x–LnSe1.5 systems.
This investigation has been realized by the static method with a membrane-gauge manometers with using  an isothermic and anisothermic procedure. The limiting errors in measurement of pressure, temperature and solid phase composition were 1 Torr, 0.5 K and 0.02 formula units, accordingly. High-quality crystals of GdSe1.875 and LnSe2.00 (Ln = La, Ce, Pr, Nd) [1] were investigated. The measurements have been realized in wide intervals of temperature (713≤T, K≤1395) and pressure (1≤ р, Torr≤760).

The detailed thermodynamic study reveals that the phase regions in composition intervals investigated consist of discrete intermediate phases such as GdSe1.85, GdSe1.80, GdSe1.71 [2] and LnSe1.90,  LnSe1.85, LnSe1.80.(Ln = La, Ce, Pr, Nd). Most of the respective phases were detected for the first time. Our investigation does not confirm the existence of homogeneity regions, which were described earlier in literature.

 The thermodynamic characteristics ((rH(T, (rS(T) for the stepwise dissociation process: 2/(x-y) LnSex (s) = 2/(x-y) LnSey (s) + Se2 (g), where x and y are the formula coefficients of adjacent polyselenides, were obtained for each system on experimental pSe-T-x dependences. The standard heats of formation and the absolute entropies ((fH(298, S(298)  of the investigated compounds were calculated using literature and estimated data. As a result of this study, the thermodynamic parameters pSe and T, which define the fields of stability and the growth conditions of homogeneous La, Ce, Pr, Nd and Gd polyselenides phases of a specified composition were determined.
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