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Study of Water Dynamics in Superacidic Hydrocarbon Proton Exchange Membranes Using Solid-State and Pulsed-Field Gradient NMR Spectroscopy

Wi, S. (NHMFL) and Bae, C. (Rensselaer Polytechnic Institute) 
Introduction 
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Polymer membranes that conduct protons at low humidity simplify on-board automotive humidification schemes and enable fuel cells to operate at higher temperatures (>100 °C). This feature would increase the activity of the platinum catalyst in the fuel cell and therefore reduce carbon monoxide poisoning on the catalyst. An approach to achieve this aim is to synthesize ion-containing sulfonated hydrophilic and hydrophobic block copolymers that exhibit hydrophobic and hydrophilic nanophase separations in the polymer matrix. For fulfilling all these purposes the PI’s research group has developed a series of sulfonated aromatic polymers that show enhanced proton conductivity at low relative humidity conditions.1 Our previous examination results suggest that by increasing the acidity of the terminal sulfonate group with fluorine substitution (sPS-S1 of Figure 1), higher proton conductivity was obtained for the superacidic polymer electrolyte membranes (PEMs). More detailed studies of transport properties of water and the correlation of acidity and water properties would be obtained by investigating the diffusion of water and motional dynamics of polymer chains. Knowledge of the correlations between the water transport property and polymer chain motions in the polymer matrix will enhance the understanding of the morphology of PEMs, the state and behavior of water, and various other in-situ phenomena within operating proton-exchange membrane fuel cells (PEMFCs).
Experimental 

Solid-state magic-angle spinning (MAS) NMR spectroscopy was utilized to determine the correlation time of the polymer chain motions. Centerband only detection exchange (CODEX) method2 was utilized for examining the polymer chain motion with MAS resolution. We have measured the motions of aromatic carbons in the phenyl rings in the main chain and side chains. Both 14.1 and 18.8 T solid-state NMR spectrometers were utilized for this project.
Results and Discussion


The presence of fluorinated substitution in the sulfonate side-chains makes the backbone and side-chain motions of the protonated form (H-form) of polymer faster than the non-fluorinated forms. It is a known property that faster polymer chain motions facilitate the diffusion of solute molecules in the polymer matrix.3 Indeed, the presence of the fluorinated substitution that has resulted in faster polymer chain motions in the CODEX NMR measurement had also improved water and H2 diffusions in our previous macroscopic measurement data. In sodium salt forms however the simplest form without any aliphatic substitution in the sulfonate group exhibits the fastest correlation time. This fact suggests that the enhanced acidity of the sulfonate groups in the H-form in the presence of the fluorine substitution takes a key role in determining the transport properties of water and H2 in the polymer matrix. Only the protonated form is useful for PEMs.
Conclusions

Sulfonated aromatic copolymers with fluorinated substitution are being designed for PEM applications that improve proton and water diffusion have also demonstrated faster polymer chain motions.
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Fig.1 Correlation time that represents polymer chain’s slow reorientational motions measured by CODEX.









