THERMODYNAMIC CHARACTERISTICS OF NATURAL ZINC SILICATE HEMIMORPHITE BASED ON THE METHOD OF LOW-TEMPERATURE ADIABATIC CALORIMETRY AND QUANTUM-CHEMICAL COMPUTATION OF VIBRATION STATES 
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Natural zinc silicate, hemimorphite Zn4Si2O7(OH)2∙H2O, belongs to one of the most spread minerals of the oxidation zone of zinc-bearing ores, this fact generates a need for investigating its thermodynamic properties for modeling technological processes to process ores of such type.  The temperature dependence of heat capacity of a natural sample of hemimorphite, extracted from zinc-bearing ore from the deposit Akzhal (Kazakhstan) has been investigated by the method of low-temperature adiabatic calorimetry. The investigation experimental part has been carried out at a low-temperature thermophysical unit BKT-10.04, produced by CJSC “Termis”. While measuring a standard sample of electrolytic copper (burnt in vacuum, oxygen-free) with an iron-rhodium resistance thermometer calibrated in accordance with the international temperature scale ITS-90 (R0=50 Ohm) the unit error did not exceed ±1.44% at 10 K, ±0.43% at 40 K, and ±0.25% at 80-300 К.  

A phase transition with maximum at Т=102.8 К has been registered on the curve depicting temperature dependence of heat capacity. Earlier the authors [1] based on spectroscopic data pointed out to the existence of this phase.  The scattering of experimental points relatively the smoothed values did not exceed ±2% at 4.5-20 К, ±0.60% at 20-80 К and ±0.25% at 120-320 К, the scattering of points in the area of phase transition did not exceed ±0.70%. The thermodynamic functions Cp º298.15= 323,86±0,81 J/mol∙К, S º298.15  =368,83±0,78 J/mol∙К, H º298.15–H º0  = 56,56±0,1 kJ/mol  have been calculated based on the experimental data on heat capacity throughout the whole temperature interval. 

Hemimorphite heat capacity has also been determined by the calculation methods (without taking the phase transition into account) according to the valence force field model in LADY software.  The values of force constants of valence bonds and angles have been calculated by semi-empirical method PM5.  As a result the calculated IR and Raman spectra concordant with the experimental spectra [2] have been obtained.  The heat capacity values calculated according to the found vibration states satisfactorily agree with those experimentally obtained with an accuracy of  ±1.7% in the area of 120-200 К, and not more than  ±0.8% for the interval of 200-300 К. This fact testifies that the calculation of thermodynamic characteristics is correct. 
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