UO2 MOLECULES: REEVALUATION OF THERMODYNAMIC PROPERTIES USING RESULTS OF QUANTUM-MECHANICAL CALCULATIONS
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Thermodynamic properties of uranium dioxide have practical importance for the modeling of processes during preparation and using of nuclear fuel. At high temperatures, vaporization of uranium dioxide with formation of UO2 gaseous molecules together with lesser amounts of UO(g) and UO3(g) becomes an important feature of the U – O system. The tables of UO2(g) thermodynamic functions were previously published in several sources, see e.g. [1]. New experimental and theoretical results for the properties of UO2 molecules were obtained since that time. For this reason, a new analysis of experimental and theoretical quantum-chemical computational information was carried out. The most serious change in calculated thermodynamic functions is connected with contribution of low-lying excited electron energy levels calculated using information obtained with the most advanced tools of quantum chemistry [2, 3]. The lowest 46 excited electronic states with the energy up to 19491 cm-1 were taken into account in calculation of UO2(g) thermodynamic functions; the levels above 19491 cm-1 were united in several combined levels with summed statistical weights. 

With the new values of thermodynamic functions for UO2(g) and the data for UO2(cr) from [1] was calculated the new value of the enthalpy of sublimation selected as an weighted average from the data on UO2 vapor pressure: ΔsubΗο(UO2, cr, 298.15 K) = 622.9 ± 12 kJ·mol-1. Combination of the value (fHo(UO2, cr, 298.15 K) = –1085.0 ( 1.0 kJ·mol-1 [1] with the selected enthalpy of sublimation gives the selected value for the enthalpy of formation: (fHo(UO2, g, 298.15 K) = ( 462.1 ( 12 kJ·mol-1. From this value we derive the energy of atomization D0(UO2) = 1486.8 ± 15 kJ·mol-1. The values obtained noticeably differ from those in [1]: (fHo(UO2, g, 298.15 K) = ( 477.8 ( 20 kJ·mol‑1 and D0(UO2) = 1504.7 ± 22 kJ·mol-1. 
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