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Abstract

Artificial intelligence is being increasingly exploited in material science, aiding the design
of new advanced materials with several peculiar properties. In particular, it is emerging as
a powerful and versatile tool for predicting polymer properties, providing a promising
alternative to traditional experimental and simulation-based approaches. Among the
various properties of interest, the solubility parameter holds particular relevance, as it
influences crucial aspects such as polymer compatibility, miscibility, and dissolution. These
factors are key to the design and optimization of coatings, adhesives, membranes, and
drug delivery systems . However, the experimental characterization of such property is
labor-intensive and its estimation can be challenging, as it depends on complex molecular
interactions that are not easily captured by simple analytical models. While literature
already offers examples of artificial intelligence tools for solubility parameter estimations,
they often rely on time- and resource-consuming simulations for training, are limited to
specific polymer families, or present significant uncertainties in their predictions®?*. In this
study, machine learning algorithms are explored to develop a predictive tool capable of
estimating solubility parameters efficiently and accurately across a broad range of
polymers. The starting dataset integrated theoretical values obtained from well-established
group contribution methods—such as Hansen, Van Krevelen, and Hoy—with experimental
data collected from literaturebased databases, avoiding the use of molecular dynamics
simulations. The resulting models demonstrated a mean absolute error of approximately
0.3 MPa'/?, representing an improvement over both traditional group contribution methods
and existing platforms in terms of accuracy and generalization. This approach eliminates
the need for computationally expensive simulations, while extending predictive capability
to polymers that are underrepresented in current models.
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