Solvent effects on reaction equilibria of homogeneous esterification reactions
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[bookmark: _GoBack]Solvents are widely used in chemical industry to facilitate a broad variety of applications. They influence reaction rate and/or reaction equilibrium. This impact is routinely studied qualitatively to find the best-suitable solvent for a given reaction. Up to now, solvent selection is based on a trial-and-error procedure rather than on thermodynamics. The modeling of solvent effects is difficult and usually not performed. 
For this reason, this work reports a thermodynamic analysis of the solvent influence on the equilibrium concentrations in chemical reactions. The esterification reaction of ethanol and acetic acid was chosen as model reaction. Since reactants itself can act as solvents, firstly the influence of different reactant concentrations on the equilibrium constant Kx was investigated. It was found that the equilibrium concentrations strongly depend on the initial molar ratio of ethanol to acetic acid as already described, e.g. for the esterification of ethanol or n-butanol in reactive distillation [1,2]. The model approach of this work is based on the Perturbed Chain-Statistical Associating Fluid Theory (PC-SAFT) [3,4] which allows the calculation of an activity-based equilibrium constant Ka. This equilibrium constant does not depend on reactant concentration within the whole investigated concentration range (deviation from average ~6%). On the basis of this equilibrium constant, the Gibbs energy of reaction was calculated and it was found in good agreement with literature data. 
In a second step, the influence of several solvents on the concentrations based equilibrium constant Kx was modeled. For this purpose, the activities of the reactants/products in presence of the solvents are essential. These activities were again obtained from using PC-SAFT whereas the binary parameters for the modeling were fitted to vapor-liquid equilibrium data of the reactants/products with the corresponding solvents. Using the previously determined Ka, the influence of the solvents on Kx was predicted and validated with experimental data. 
Solvent systems composed of more than one solvent are of special interest in the context of reaction engineering. For this reason, the Kx in mixtures of the examined solvents were predicted and found in good agreement with experimental data regarding Kx. This strategy provides a comprehensive thermodynamic description of both, reaction and phase behavior. Combining this approach with other constraints of solvent selection, such as ecological and economic considerations, a useful tool for solvent selection in liquid phase reactions is facilitated. 
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