Machine learning in application to deep eutectic solvent creation
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In the last decade, a new class of green solvents has attracted high interest of researchers in various fields of science. Such solvents are called deep eutectic solvents (DESs). Their components form eutectic mixture with melting point significantly lower than melting points of initial compounds due to formation of multiple hydrogen bonding [1]. Currently, the development of new DESs still relies strongly on the experimental trial-and-error approach [1,2]. To the best of our knowledge, there are no general eutectic point prediction method presented in the literature that can be successfully applied to DESs. So, the aim of our research is to identify the limitations and possible opportunities of the eutectic point prediction methods in context of DESs.
The most relevant method for eutectic point prediction is COSMO-RS model that allows solid-liquid equilibrium modelling. Such method was applied to several DESs in the literature [2,3]. However, we have shown that COSMO-RS model has poor prediction ability related to DESs. Analysis of the equation (eq. 1) used to calculate the phase equilibrium diagrams showed that the problem can arise due to activity coefficient calculation. The equation for the activity coefficient in COSMO-RS model [4] includes several empirical coefficients that can hardly describe the interactions of multiple hydrogen bonds.
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(1)
where xi – is mole fraction of i compound, (i -  activity coefficient of i compound, ∆Hfus_i – fusion enthalpy of i compound, Tm_i –  melting point of i compound, T – eutectic temperature.
To solve this problem, we propose melting point prediction algorithm based on machine learning approaches. It is presumed that eutectic melting point depends on thermochemical properties of initial compounds (enthalpy of fusion, melting temperature) and their activity coefficients in mixture (eq. 1). Thus, the thermodynamic properties of the initial compounds as well as (-profile from COSMO-RS model can be used as descriptors to predict the eutectic melting point. An experimental dataset of 200 DESs is used to train the model. Preliminary results obtained by linear regression showed good correlation between the predicted and experimental data for melting points (R2 ~ 0.75). Notably, fusion enthalpies of the initial compounds were not used in this prediction. To find the best dependences and increase the accuracy of predictions, we plan to use evolutionary machine learning algorithms further.
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