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This project provides the basis for adapting a variety of chemical processes to nearcritical water as that benign solvent.  Nearcritical water offers significant engineering advantages:  It dissolves both organics and salts, and so makes normally heterogeneous reactions homogeneous.  It acts as a natural acid and base, orders of magnitude stronger than ambient water, so no added acids (or bases) are required for many reactions, and there is no subsequent need for neutralization and salt disposal.  Moreover, in most typical reaction processes, the separation accounts for 60-80% of the capital and operating costs.  With organic reactions in nearcritical water, the separation can be as simple as mere cooling and decanting.

The solubilities of several organic compounds (toluene, acetophenone, 1-octanol, anisole) in water were measured up to their upper critical solution temperatures (220-280 °C).  The Kamlet-Taft solvent parameters of saturated liquid water have been determined from 25 - 275 °C.  Additionally, we have also used the hydrolyses of several substituted benzoate esters and a series of substituted anisoles as probes to elucidate the activity of the two ionic species in NCW. Each of these hydrolyses can run via both acid- and base-catalyzed pathways, as well as an SN2 pathway.  We also explored the carbon-carbon bond formation in nearcritical water (NCW).  The Claisen-Schmidt condensation of benzaldehyde with 2-butanone demonstrated the ability of NCW to conduct conventionally acid or base catalyzed reactions homogeneously without the addition of a catalyst.

The temperature-dependent thermodynamics and kinetics of the hydrolyses of 4-nitroaniline and N,N-dimethyl-4-nitroaniline were investigated to demonstrate the effectiveness of Kamlet-Taft linear solvation energy relationship (LSER) and the ET(30) parameter for correlating kinetic data in NCW.  These methods may provide a tool to describe other chemical reactions in this novel medium.

