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Abstract: The purpose of this study was to compare the water channel morphology and the proton conductivity by
changing the number of repeating units of the polymer backbone of PEMs, and to present a criterion for selecting an
appropriate polymer model for MD simulation. In the model with the shortest polymer main chain, the movement of the
main chain and the sulfonic acid group was observed to be large, but no change in the water channel morphology was
found. In addition, due to the nature of the proton transport ability that is most affected by the water channel morphology,
the proton conductivity did not show a significant correlation with the length of the polymer backbone. These results
provide important information, particularly for the preparation of ionomers for binders. In general, a low molecular weight
polymer electrolyte material is used for a binder ionomer. Since the movement of the main chain/sulfonic acid group is
improved, it can play a role of enclosing the catalyst layer well. However, there is no change in its proton conducting
performance. In conclusion, the preparation of ionomers for binders will require molecular weight and structure design with
a focus on physical properties rather than proton transfer performance.
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Before truncation After truncation
Fig. 1. 3D images of main chain truncation of Nafion” PEM 3D models.
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Original 10 chain length 5 chain length

Fig. 3. Water channel morphology (top) and distribution of sulfonic acid groups (bottom) of Nafion® PEM 3D models with
different chain lengths.
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Fig. 4. Mean square displacement (MSD) graphs of polymer main-chain of Nafion” PEM 3D models at different temperatures.
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Fig. 5. Mean square displacement (MSD) graphs of sulfonic acid groups of Nafion® PEM 3D models at different temperatures.
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Table 1. Diffusivity and Ion Conductivity of Nafion® PEM 3D Models with Different Chain Lengths at Different Temperatures

Hydronium ion diffusivity (x 10 cm?¥s)

298K 313K 333K 353K

Original 1.595 0.624 3.111 1.772

10 chain length 1.268 0.684 3.101 1.84

5 chain length 1.413 0.775 3.366 1.822

Ton conductivity (x 10° S cm™)

298K 313K 333K 353K

Original 6.932 2.508 11.803 6.121

10 chain length 5.422 2.750 11.816 6.419

5 chain length 6.087 3.154 12.770 6.425
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