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Ionic liquids (ILs) have attracted considerable attention as promising alternatives to conventional solvents
because of their negligible volatility, high thermal stability, and tunable physicochemical properties.[1] For the
design and scale-up of IL-based processes, transport properties such as self-diffusion coefficients (SDCs) and
viscosities are of particular importance because they govern fluid flow as well as heat and mass transfer.
However, the vast number of possible ILs and the limited availability of experimental data necessitate the
development of reliable predictive models.

Although SDCs and viscosities both characterize molecular mobility, they are typically modeled independently.
Establishing a consistent theoretical framework that links these properties would significantly improve
predictive capabilities. In our previous studies,[2—4] we employed the Einstein relation to connect diffusion and
viscosity through molecular parameters within the electrolyte Perturbed-Chain Statistical Associating Fluid
Theory (ePC-SAFT) framework.

A predictive SDC model for chain-like molecules was first developed by introducing a correction function to
an existing model for spherical Lennard—Jones fluids.[5] Combined with the Stokes—Einstein equation, this
approach enables the prediction of viscosities from diffusion data using a universal parameter set. The
framework was successfully validated for various alkane families and subsequently extended to ionic liquids.

In parallel, an ion-based ePC-SAFT free volume theory (ePC-SAFT-FVT) model was developed for IL
viscosities. Compared with conventional molecule-based approaches, the ion-based approach substantially
reduces the number of adjustable parameters while improving predictive flexibility. By coupling the viscosity
model with the Einstein relation, SDCs of ionic liquids can be predicted directly from viscosity-derived
parameters. The resulting framework accurately describes overall as well as individual cationic and anionic
diffusion coefficients using a universal parameter set.

To further broaden the applicability of the model, a Born-term contribution was incorporated into ePC-SAFT
to describe (IL + co-solvent) systems. The resulting framework provides a unified description of densities,
osmotic coefficients, vapor-liquid equilibria, water activities, and COx: solubilities of both pure ILs and (IL +
co-solvent) mixtures.[6]

Overall, this work establishes a unified ePC-SAFT-based framework that bridges transport and thermodynamic
properties of ionic liquids. By linking viscosity and diffusion through the Einstein relation and extending the
model to IL-containing mixtures, the approach offers a predictive tool for the design and optimization of IL-
based processes. Figure 1 illustrates the procedure of modeling properties of IL-based systems.
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Figure 1 — Procedure for modeling the properties of IL systems based on ePC-SAFT
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