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Introduction
CsH2PO4 in superionic phase has a high proton conductivity and can be used in a variety of electrochemical devices at moderate temperatures (200-250ºC). It is determined that minor quantities of the other phases may give a noticeable effect on the thermal and transport properties of CsH2PO4. The small additives of Cs2HPO4 or CsH5(PO4)2  may results in significant changes in proton conductivity and thermal properties. The CsH2PO4-Cs2HPO4-H2O system wasn’t investigated earlier. 

This work is devoted to detailed study of phase composition, their thermal stability and transport properties in the (1-x)CsH2PO4-xCs2HPO4*yH2O system. 

Experiments
The single crystals were synthesized from aqueous solutions of the stoichiometric quantities of Cs2HPO4*2H2O and CsH2PO4. Their physics-chemical properties were investigated in a wide range of compositions (x=0-1) using IR and a.c. impedance spectroscopy, XRD, DSC, TGA analysis.
Results and Discussion

The crystal structure P21/c was determined for synthesized Cs2HPO4*2H2O compound with lattice parameters a=7.4761 Å, b=14.2125 Å, c=7.9603 Å, β=116.914°, Z=4. The thermal transformations of Cs2HPO4*2H2O up to 450° C and electrotransport properties in the different H2O partial pressure were investigated for the first time. 

A new phase was firstly discovered in the (1-x)CsH2PO4-xCs2HPO4*yH2O system at x=0.5. Its final composition corresponds to Cs3(H2PO4)(HPO4)*2H2O. Its crystalline structure was determined: space group Pbca, unit cell parameters: a=11.4412 Å, b=14.8774 Å, c=7.4692 Å, β=90°. The proton conductivity of Cs3(H2PO4)(HPO4)*2H2O in different H2O partial pressure and dehydrated phase was investigated firstly. 

In the range x=0.5-0.9 the solid solutions are not observed and Cs3(H2PO4)(HPO4)*2H2O phase coexists with Cs2HPO4*2H2O, giving composite electrolytes. Dehydrated systems have the low conductivity at x = 0.5-0.9 not exceeding 10-5- 10-8 S/cm at ~100-230°C.

With the decreasing of Cs2HPO4 content the phase composition of the system is changing. Along with Cs3(H2PO4)(HPO4)*2H2O the reflexes of CsH2PO4 (P21/m) appear with increasing their intensities. CsH2PO4 (P21/m) becomes the main phase for or x = 0.3. The solid solutions weren’t formed; it was associated with a significant difference in the crystalline structures of cesium hydrogen phosphates with varying degrees of hydrogen replacement. Very interesting results for electrotransport properties were obtained with the increasing ratio of CsH2PO4. The temperature dependence of conductivity changes significantly and superionic conductivity, ~10-2 S/cm, appears. The conductivity in the low temperature phase of (1-x)CsH2PO4-xCs2HPO4*yH2O depends markedly on x and increases almost 5 orders of magnitude for x = 0.1 - 0.3. Significant growth of conductivity deals with the formation of proton composite electrolytes with modified salt properties on the interface and partial participation of the water molecules adsorbed on the interface in the transfer of protons. The values of proton conductivity ~ 10-2 S/cm were stable at a high temperatures for a long term storage, that is perspective for proton membranes.
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