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Polymer Structure–Water Diffusion Property Relationship Study of Hydroxide Ion Conducting Polymers by Solid State NMR 
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Introduction 
[image: ]	The aim of this study is to investigate the water diffusion properties of hydroxide ion exchange membranes based on quaternary ammonium-functionalized polymers. We have synthesized four examples of terphenyl-based polymers functionalized by quaternary ammonium at different locations and tether lengths.1 Although all four polymers have almost the same molar concentration of ionic groups (i.e. a similar range of ion exchange capacity in 1.7–2.0 mmol/g; see Figure 1), we noticed that they have quite different hydroxide ion conductivity and water adsorption behaviors. To gain fundamental understanding of the relationships of polymer structure and diffusion property of water and hydroxide ions, we utilized pulsed-field gradient (PFG) NMR spectroscopy to fulfill this aim. 

Experimental
PFG-NMR spectroscopy was carried out by utilizing 5 mm solution-state 1H-X-Y TBI Bruker cryoprobe operating at a 18.8 T solution-state NMR spectrometer at the NHMFL that is equipped with a 50 G/cm PFG amplifier. Polymer films are hydrated in water in an oven (40 oC) for 7 days for full hydration and packed into a 5 mm glass NMR tube. The tube was sealed to prevent dehydration during NMR measurement. Figure 1. Chemical structure of hydroxide ion conducting polymers studied in this project



Results and Discussion
	Two different types of water diffusion values were detected for all four-polymer samples (Table 1), indicating that the polymer matrices consist of at least two different types of domains. Fig. 1 shows the structures of the polymers and OH- and Cl- conductivity data according to the polymer’s ion exchange capacity (IEC) and temperature. Table 1 shows PFG NMR water diffusion data. A posteriori correlation is observed between the OH- and Cl- conductivity and water diffusion that the transport properties measured on the mesoscopic level by PFG NMR spectroscopy and the conventional conductivity data measured on the macroscopic level show correlations. Currently, we are investigating a relationship between the transport properties and the polymer backbone motions that can be studied by magic-angle solid-state NMR spectroscopy.

[bookmark: _GoBack]Table 1. Diffusion of water measured by PFG NMR
	Polymer
	Al-L1
	Al-L2
	Ar-L
	Ar-S

	Water diffusion (m2/s)
	(2.40.5)
(2.9)
	(2.20.4)
(4.4)
	(1.70.5)
(6.1)
	(1.60.2)
(3.3
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