Phase separation in aqueous mixtures with multiple components.
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ABSTRACT

Phase separation plays an important role in food and polymer technology, but also in many other fields like hematology, wastewater treatment, archaeology and forensics. Predicting phase behavior numerically is difficult, especially when many (macro-molecular) components are involved. Being able to calculate phase behavior in mixtures of many components is relevant for predicting effects of polydispersity in foods. One of the approaches to describe phase separation is in terms of a (Edmond-Ogston like) model based on a virial expansion up to second order of the concentrations of the components. Here recent and sometimes surprising results for two and three biopolymers are discussed.
For mixtures of two or more components [1,2,3], we found for example, that it is impossible to extract the second virial coefficients directly from an experimentally determined binary phase diagram, something that is due to a degeneracy in the second virial coefficients. However, it turns out that this becomes feasible by simultaneously analyzing multiple phase diagrams with shared components. In this way, we were able to generate a database of second virial coefficients without doing any experiments, but by relying on phase diagrams obtained from literature. Currently, alternative approaches are being studied for situations in which even less a priori information is available.
For mixtures of three components [4], we found that associative phase separation (where one of the phases is enriched in two of the components) does not require an attractive interaction (where the second virial coefficient is negative) but can also occur for repulsive interactions (where the second virial coefficient is positive). This contrasts with what is commonly reported in literature.
The approaches used for two and three component mixtures can be surprisingly extended to mixtures with a very large number of components N>>1. It is possible to obtain explicit expressions for the spinodal and critical manifolds for N components, that can be evaluated through a relatively simple algorithm [5]. The calculation of the composition of the co-existing phases is still a challenge. 
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