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In this work, a number of thermochemical properties of orthophosphate catalysts [1] of 

the general formula Me3(PO4)2 (Me ‒ Be, Mg, Ca, Mn, Fe, Co, Ni, Cu, Zn, Ge, Sr, Pd, Cd, 

Sn, Ba, Eu, Hg, Pb) were determined using semi-empirical methods. 

The main calculations were performed using three different methods: by 

Kapustynskyi, by Fersman, and by Yatsymirskyi. The obtained values of the crystal lattice 

energies U were used in the Born‒Haber cycle to calculate the enthalpy of formation ΔНf of 

these compounds. The Shannon᾽s ionic radii, heat of formation of gaseous ions, energy 

coefficients of cations and orthophosphate anion were used as auxiliary quantities [2]. 

The results were compared with known experimental and theoretical data. It turned out 

that the Kapustynskyi᾽s method gives the smallest deviations from known values, and the 

Fersman᾽s method gives the largest deviations. However, both approaches can be combined. 

The combined use of these methods allowed us to significantly minimize the magnitude of 

errors. In particular, for the vast majority of Me3(PO4)2 phosphates, the maximum deviations 

from the literature data did not exceed ±(1-6) %. The optimal methods were used to determine 

previously unknown values of ΔНf for five compounds: Be3(PO4)2 (-3378 kJ/mol), Fe3(PO4)2 

(-2689 kJ/mol), Cd3(PO4)2 (-2612 kJ/mol), Eu3(PO4)2 (-4605 kJ/mol), Hg3(PO4)2 

(-1816 kJ/mol) [2]. In addition, from the thermochemical point of view, the possibility of 

formation of two new orthophosphates Ge3(PO4)2 and Pd3(PO4)2, the existence of which is not 

reported in the literature, was predicted. 

The determined values of ΔНf, in combination with the initial data from [3, 4], were 

used to calculate other thermochemical functions of Me3(PO4)2: the Gibbs energy of 

formation ΔGf, the entropy of formation ΔSf, and the logarithm of the equilibrium constant of 

formation reaction log[Kf]. 

The obtained results can be used for thermochemical analysis of promising catalytic 

systems formed on the basis or with the participation of the considered divalent metal 

orthophosphates. 
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