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Relationship between Single-File Diffusion of Mixed and Pure Gases in Dipeptide Nanochannels by High Field Diffusion NMR
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Introduction 

Molecules restricted to diffuse through unidimensional channels so narrow that they cannot pass each other may exhibit single file diffusion (SFD). For this type of anomalous diffusion, the sequential order of diffusing molecules is preserved, resulting in a deviation from the usual time dependence of the mean square displacement (MSD) observed for normal diffusion. While MSD increases proportionally with time for normal diffusion, for SFD in sufficiently long channels it grows with the square root of time. 
Experimental 

13C PFG NMR was used to study diffusion of pure CO and CH4 as well as their mixture in L-Ala-L-Val (AV) nanochannels. The measurements were performed using a wide-bore 17.6 T Bruker BioSpin spectrometer located at AMRIS, University of Florida.
Results and Discussion


Figs.1 and 2 present, respectively, the measured PFG NMR attenuation curves and the resulting dependencies of MSD on time for the CO and CH4 diffusion in AV nanochannels [1]. While both CO and CH4 individually have different SFD mobilities in AV nanochannels, it is shown that both species in the mixture start exhibiting the same SFD mobility. This coincident SFD mobility is greater than that of pure CH4 but smaller than that of pure CO in the same nanochannels.  
Conclusions

To our knowledge, this work represents the first experimental evidence of SFD in a mixture of different types of molecules.
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Fig.1 13C PFG NMR attenuation curves measured for the diffusion of CO (black symbols) and CH4 (red symbols) at 298 K and different diffusion times in AV nanotubes. 








Fig.2. Time dependence of the mean square displacement (MSD) obtained from the 13C PFG NMR attenuation curves for CO and CH4 diffusion.  Solid lines are least-squares fits using the time scaling of single-file diffusion. The dashed green line represents the time scaling of normal diffusion.  









