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Gas Transport in Mixed-Linker Zeolitic Imidizolate Framework by 
High Field Diffusion NMR
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Introduction 

Zeolitic Imidizolate Frameworks (ZIFs), a subset of metal organic frameworks, are promising porous materials for applications in separations and catalysis. They are formed by organic linkers which, when bound to a metal center, arrange into highly ordered porous structures. ZIF-7 and ZIF-8 (Zn ion metal centers with benzimidizole (blm), and 2-methylimidizole (mlm), respectively) are well-known members of the ZIF family whose structure and characteristics are well documented. More recently, successful attempts have been made to mix different linkers in the same framework to synthesize mixed-linker ZIFs. In this project high field diffusion NMR was applied to study gas diffusion in ZIF-7-8, i.e. a mixed linker ZIF containing the linkers of the ZIF-7 and ZIF-8. ZIF-7-8 is a novel material whose diffusion behavior has not been previously investigated by any microscopic techniques.
Experimental 

13C pulsed field gradient (PFG) NMR at 17.6 T and 14 T was applied to study self-diffusion of 13C-labelled C2H6, C2H4, CO2, and CH4 in in ZIF-7-8 (20% bIm, 80% mIm) at 296 K and different diffusion times.  
Results and Discussion


Figure 1 shows examples of the measured 13C PFG NMR attenuation curves.  In the case of the ZIF-8, the attenuation curves are monoexponential, which indicates that all sorbate molecules diffuse with a single diffusivity. In the ZIF-7-8, the PFG NMR attenuation curves show deviations from the monoexponential behavior expected for normal diffusion with a single diffusivity. We tentatively attribute the observed attenuation behavior to some differences in the fractions of ZIF-8 and ZIF-7 linkers for different ZIF-7-8 crystals in our sample. All gases studied had smaller “effective” diffusivites in the ZIF-7-8 as measured by the initial slope of the attenuation curves (dashed lines in Figure 1) than in ZIF-8. 
Conclusions

In comparison with ZIF-8, the ZIF-7-8 shows similar diffusion selectivity (Sa/b = Da/Db, which is based on the ratio of intra-ZIF diffusivities of gases “a” and “b”) for C2H4/C2H6, while having an increased diffusion selectivity for CO2/CH4.
Acknowledgements

A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by National Science Foundation Cooperative Agreement No. DMR-1157490 and the State of Florida.  


We are grateful for the financial support of this work by NSF (CMMI-1561347) and by the external user program of the NHMFL (project P14981).
	[image: image1.png]80 ms (ML)
120 ms (ML)
160 ms (ML)
80 ms (28)

»paom

0.014

T T T
o 210" 4x10" 6x10"

q’t, (sim’)




	[image: image2.png]LE:)
L]
= 20 ms (ML)
o 40 ms (ML)
= 80 ms (ML)
0014 A 20 ms (28)
T T T T
0.0 4.0x10" 8.0x10" 1.2x10"

q’t , (sim’)






Fig.1 13C PFG NMR attenuation curves for ethane (A) and ethylene (B) at 296 K in ZIF-7-8 (ML) (square symbols) and ZIF-8 (Z8) (trianglular symbols). The solid line for the ZIF-8 data represents a monoexponential fit while the dashed line is the “effective” monoexponential fit based on the average initial slope (first three points) in ZIF-7-8.
