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The Persistent Homology Analysis for Strength-Structure Relationship for

Polymer Materials
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Abstract

Controlling the mechanical properties of polymer films is crucial for ensuring the robustness and
stability of waterborne paints. However, due to the complex structures of polymer films, it is not
straightforward to directly correlate mechanical properties with atomic-scale polymer structures. In
this tutorial paper, we introduce a method recently reported by the authors that correlates polymer
film structures with stress-strain curve using persistent homology analysis (R. Sato et al., J. Chem.
Theory Comput., 20 (2024) 10798). In this approach, the time evolution of atomic coordinates during
the uniaxial tensile simulation was analyzed, successfully predicting the shape of the stress-strain
curve without using any prior knowledge about mechanical properties. Furthermore, inverse
analysis of persistence diagrams allows the extraction of polymer structures corresponding to
changes in the stress-strain response. The results demonstrate that specific ring structures play a
key role in determining stress-strain behavior. These ring structures were consistent with those
inferred from the potential form of polyethylene oxide used in these simulations, indicating that a
physically reasonable picture was obtained. Overall, this method provides an effective framework
for understanding the relationship between polymer film structures and their mechanical properties.
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