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Introduction 
 
The kinetics of gas-to-channel and channel-to-gas exchange of Xe in self-assembled L-alanyl-L-valine (AV) nanotubes was 
facilitated by continuous flow hyperpolarized xenon-129 two-dimensional exchange NMR spectroscopy.  
 
Experimental 
 
Two-dimensional exchange cross-peaks due to gas atoms entering or exiting were observed at Xe pressures of 92, 1320, and 
3300 mbar, corresponding to Xe fractional occupancies ranging from 0.047 to 0.64. At each pressure, the rate of desorption 
from the channels was determined by fitting the mixing time dependence of the cross-peak and diagonal-peak signals to a 
magnetization exchange model, assuming steady-state Langmuir adsorption under hyperpolarized gas flow conditions. 
 
 Results and Discussion 
 
The observed rate constant for desorption of Xe from AV 
nanotubes after allowing the gas to diffusive into the nanotubes 
for a period of 4s decreased from 4.5 s-1 to 2.0 s-1 over the 
occupancy range studied, a finding that is consistent with a 
decrease in the diffusivity in the channels. 
 
Conclusions 
 
Direct observation of atoms entering and exiting AV nanotubes 
was facilitated by continuous flow hyperpolarized 129Xe two-
dimensional exchange NMR spectroscopy. Analytical solutions 
for the mixing-time dependence of the diagonal- and cross-
peak signals have been derived under flow conditions with 
excess Xe gas. This study demonstrates that hyperpolarized 
xenon-129 NMR can be applied to the investigation of gas-
exchange dynamics in nanotubes, and the kinetic model 
developed herein should serve as a starting point for future 
hyperpolarized NMR studies of adsorption, diffusion, and 
exchange processes in other nanotubes systems and 
nanoporous materials in general. 
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Continuous flow hyperpolarized 129Xe 2D-EXSY spectrum in 
AV nanotubes acquired with a mixing time of 100 ms. The 
spectrum was recorded with 64 points in the indirectly detected 
dimension with 8 scans per spectrum.  The total experiment time 
was about 30 min. 
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