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Diffusion of Light Gases in ZIF-11 by High Field PFG NMR 
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Introduction 

Zeolitic imidazole frameworks (ZIFs) is a subclass of metal organic frameworks exhibiting well-defined systems of micropores. ZIF-11 has the pore aperture size of around 0.3 nm and, as a result, is a promising candidate for separating methane from acid gases including H2S and CO2. The latter gases are commonly found in natural gas streams.  While current work focuses on studies of diffusion of CO2 and its mixture with CH4 inside ZIF-11, we anticipate measuring H2S diffusion inside ZIFs in a future. 
Experimental 

13C and 1H PFG NMR was used to study diffusion of mixed and pure CO2 and CH4 inside ZIF-11 particles. The measurements were performed for a broad range of diffusion times using the 17.6 T and 14 T spectrometers (Bruker Biospin) located at AMRIS, University of Florida. The samples of ZIF-11 were loaded either with a single gas (CO2 or CH4) or an equimolar CO2 /CH4 mixture at a given total loading pressure corresponding to the pressure in the NMR tube without ZIF-11. 
Results and Discussion


Fig.1 shows measured time-dependent diffusivities D(t), which are normalized to the corresponding diffusivities D0 in the limit of small diffusion times when there is no influence of the external particle surface on the diffusion process. The values of D0 and of the average radius of ZIF-11 particles (R) were obtained from fitting D(t) at small times by a previously published expression for a reflecting particle surface. Solid line in the figure shows the best fit line for such surface type. The best fit values of D0 and R are reported in Table 1. The values of R were found to be in agreement with the results of scanning electron microscopy measurements.
Conclusions

The reported PFG NMR data allowed obtaining “true” intra-ZIF diffusivities, which are not perturbed by the effects at the external particle surface. These diffusivities are shown in Table 1. 
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 × 10-10
R (CH4), µm

5 bar mixture

2.1 ± 0.2

18 ± 3

0.60 ± 0.06

17 ± 3

10 bar mixture

2.1 ± 0.2

15 ± 2

0.53 ± 0.05

16 ± 2

20 bar mixture

1.4 ± 0.1

15 ± 2

0.30 ± 0.03

16 ± 2

10 bar CO2

1.4 ± 0.1

16 ± 2

-

-

10 bar CH4

-

-

0.75 ± 0.07

16 ± 2



	Fig.1 Normalized measured diffusivities D(t)/D0 as a function of (D0t)1/2 for all ZIF-11 samples at 25 C (unless indicated differently). 
	Table 1 Intraparticle diffusivity (D0)  in ZIF-11 in the limit of small displacements when the external particle surface does not influence the diffusion process and the corresponding average particle radius (R). 



