STRUCTURE OF THE ALIPHATIC ALCOHOLS ON THE BINODAL CURVE
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Aliphatic alcohols are of a great interest for the chemical technology based on the supercritical fluids. The most common supercritical solvent – carbon dioxide – can dissolve a wide range of substances. Unfortunately, many substances remain insoluble in the neat supercritical CO2. However, even a small concentration of a co-solvent can increase the solvation ability of the supercritical solvent in thousands times. Therefore it is of great interest to investigate binary mixtures of the carbon dioxide with other solvents. The choice of the co-solvents, their concentration, with the sharp dependence of solvation ability to the small changes in the temperature and pressure provides a smart tool to adjust the whole solvation process. Aliphatic alcohols as the co-solvents let the supercritical CO2 dissolve the compounds of both hydrophilic and hydrophobic nature because of possessing the hydroxyl group, hydrocarbon residue and a high ability to make the hydrogen-bonds. Besides, the alcohols by themselves also are used as  supercritical solvents.

In this work we performed a detailed analysis of the structure of three alcohols (methanol, ethanol, propanol) on the vapour-liquid coexistence curve by means of  computational simulation. We used the CHARMM22 force field to describe the structure and interactions of the alcohols molecules. The calculations with the so-called Gibbs Ensemble Monte Carlo technique made it possible to find the coexistence curve and the critical temperature and density; describe the structure of the alcohols in the liquid and gaseous phases. We also tested the CHARMM22 force field for calculations with the high temperature and density; described the change of radial distribution functions, hydrogen-bonded clusters distributions with the increasing temperature on the binodal curve. We made a comparison of two different schemes for Lennard-Jones potential treatment: tail correction and a standard for CHARMM22 shift truncation techniques.

The current work is a part of a big project for investigating the solvation ability of the binary CO2/alcohol mixtures under supercritical conditions. That is why we needed to test the models of the alcohols and to know how the hydrogen-bonded cluster distributions change while going up the coexistence curve to the critical point. 

