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In this study, novel aromatic polymer electrolyte membrane (PEMs) based on heterocyclic ring systems for
polymer electrolyte fuel cell was developed.

The novel aromatic copolymers for PEMs were designed based on benzothiadiazole (BT) and thiazolothiazole
(TT) units which provide a highly hydrophobic n-stacked structure with strong intermolecular interactions and
planar conformation.

Characterization of membrane surface by TM-AFM showed that aggregation of hydrophobic and hydrophilic
domain were accelerated in BT and TT-based membranes, indicating that morphology of membrane surface was
influenced by the introduction of a small amount of BT and TT units. In particular, the BT-based membranes
provided a high swelling resistance because they had a greater proportion of hydrophobic regions compared with
the membranes without BT units. Additionally, investigation by FT-IR measurements found that the densities of
the sulfonic acid groups in BT and TT-based membranes were increased by the aggregation of hydrophilic
domain. Moreover, BT and TT-based membranes provided high proton conductivity compared with the
membranes without the units, which suggest that the introduced heterocyclic ring systems create a favorable
structure for proton transfer through the sulfonic acid groups.

In addition, sulfonated BT (SBT) unit can be synthesized and introduced to aromatic copolymer as a
hydrophilic unit. Structural analysis and characterization indicated that SBT units also affect the morphology of
membrane surface, which influences their physical properties.

Furthermore, membrane electrode assembly (MEA) was fabricated by using the BT-based copolymer with high
swelling resistance as an ionomer in catalyst layer (CL). I-V test exhibited that oxygen diffusion in CL was
enhanced because BT-based copolymer prevented the blocking of pores from ionomer swelling. Therefore,
BT-based copolymer can enhance I-V performance of MEA due to the decrease of resistance, which comes from
the pores being blocked in CL.

This study developed novel design concept based on heterocyclic ring systems with strong intermolecular
interaction for PEMs. The design concept can be applied to other functional materials such as separation
membrane of water purification.
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