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Resolving Different Diffusion Modes in a Mixed-Matrix Membrane Using High Field NMR Diffusometry
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Introduction 

Mixed-matrix membranes (MMMs) are hybrid membranes that consist of particles of molecular sieves such as metal-organic frameworks (MOFs) and zeolitic imidazolate frameworks (ZIFs) dispersed in a polymeric matrix. This work reports the application of pulsed field gradient (PFG) NMR, which allowed resolving different modes of sorbate self-diffusion inside a MMM for the first time. 
Experimental 

ZIF-8/polymer MMM was prepared in the laboratory of Prof. Ryan Lively. 13C PFG NMR was used to study ethane diffusion inside this membrane. The measurements were performed using a wide-bore 17.6 T Bruker BioSpin spectrometer located at AMRIS, University of Florida.
Results and Discussion


Fig 1 and 2 show, respectively, the PFG NMR attenuation curves measured for ethylene diffusion inside the MMM and a bed of ZIF-8 particles used to prepare the MMM. Analysis of the data reported in these figures  allowed resolving different modes of sorbate self-diffusion inside the MMM:  (i) diffusion inside the molecular sieve particles, (ii) diffusion inside the surrounding polymer matrix, and (iii) diffusion under conditions of an exchange between the particles and the polymer over length scales smaller than and comparable with the membrane thickness [1].
Conclusions

In this work different modes of microscopic diffusion of gas molecules were measure in a MMM for the first time. 
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Fig.1 Examples of 13C PFG NMR attenuation curves measured for ethylene diffusion in the MMM sample at T = 298 K and an equilibrium ethylene loading pressure of 2.7 ± 0.3 bar. Attenuation curves are shown for several diffusion times between 11 ms and 1.0 s.





Fig.2. Examples of 13C PFG NMR attenuation curves measured for ethylene diffusion in a bed of ZIF-8 particles at T = 298 K and an equilibrium ethylene loading pressure of 2.7 ± 0.3 bar. Attenuation curves are shown for several diffusion times between 9 and 31 ms.









