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Interpretable Models for Targeted CO, Membrane
Design

The design of polymer membranes with high CO, selectivity is essential for advancing gas separation tech-
nologies and carbon capture [1]. In this work, we develop highly interpretable machine learning models to
predict the permeability of polymer membranes—particularly towards CO, and N,—based on the chemical
structure of their repeat units. A key challenge in this field is the scarcity and incompleteness of available per-
meability data[2][3]. To address this, we implemented data imputation strategies that significantly reduced
error, especially when including crucial experimental parameters such as measurement temperature and pres-
sure. The models were trained on permeability data for six gases (He, H,, O,, N,, CH,, CO,), and achieved good
predictive performance for CO, and N, permeability.

As molecular descriptors, we employed MACCS keys, which yielded promising results despite their simplicity.
The machine learning models are based on decision tree architectures, with the XGBoost regressor standing
out due to its high accuracy and computational efficiency. We are currently evaluating the integration of
more complex molecular fingerprints and plan to apply feature selection to retain only the most informative
descriptors. In parallel, we are expanding our dataset by incorporating additional polymer entries to enhance
the applicability domain of the models. Overall, this work supports a data-driven and interpretable approach
to targeted membrane design for efficient CO, capture.
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