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Transport Properties of Crystals of Zeolitic Imidazole Framework-11 Embedded in Polymers to Form Mixed-Matrix Membranes
Forman, E.M., Baniani, A., Fan, L. (U. of Florida, Chem. Eng.); Zhou, E., Lively, R. (Georgia Institute of Technology, Chem. Biomol. Eng.); Vasenkov, S. (U. of Florida, Chem. Eng.)

Introduction 

Mixed-matrix membranes (MMMs) consist of molecular sieve particles embedded in a polymer matrix. MMMs have piqued interest because such membranes are easy to fabricate and their separation performance can be much better than that of pure polymeric membranes. Here we report 13C PFG NMR studies of ethylene diffusion inside two different MMMs where zeolitic imidazole framework-11 (ZIF-11) was used as molecular sieve. The microscopic transport properties of unconfined ZIF-11 were recently investigated by our group [1]. 
Experimental 

13C pulsed field gradient (PFG) NMR at 17.6 T was used to study self-diffusion of 13C-labelled ethylene in ZIF-11/Torlon and ZIF-11/ Matrimid MMMs at 296 K. 
Results and Discussion


Fig.1 shows examples of the PFG NMR attenuation curves measured for intra-ZIF ethylene diffusion in two ZIF-11 based MMMs and in a bed of ZIF-11 crystals.  For both MMMs the intra-polymer diffusion does not contribute to the measured attenuation curves because of the low T2 NMR relaxation times in the polymer.  Fig. 1 shows that the slopes of the attenuation curves for the intra-ZIF diffusion in ZIF-11/Torlon MMM (MMMT) are smaller than those in the ZIF-11 bed, indicating lower intra-ZIF diffusivities in MMMT than in the bed by a factor of around 2. At the same time, the slopes and the corresponding intra-ZIF diffusivities in ZIF-11/ Matrimid MMM (MMMM) are the same, within uncertainty, as those in the bed.
Conclusions

Confinement of ZIF-11 crystals in a polymer can reduce the ZIF-11 framework flexibility leading to a lower intra-ZIF diffusivity. The ZIF-11 confinement effects are stronger in MMMT than in MMMM.
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	Fig. 1  13C PFG NMR attenuation curves measured at different diffusion times for ethylene diffusion at 296 K in ZIF-11 / Matrimid (A) and ZIF-11 / Torlon (B) MMMs (hollow symbols). Also shown for comparison are the corresponding  13C PFG NMR attenuation curves for ethylene diffusion in a ZIF-11 particle bed (filled symbols). 


