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Quantum Clusters in Nanotubes: NMR Studies
Huan, C. (NHMFL & Univ. of Florida); Hamida, J.A. (Univ. of Florida) and Sullivan N.S. (NHMFL & Univ. of Florida)
Introduction 

NMR experiments have been carried out to explore the dynamics of hydrogen molecules adsorbed in nanoscale structures of MCM-41. Understanding the dynamics of hydrogen in these and similar mesoscopic structures (including metal organic frameworks) is important for developing advanced mesoporous structures for hydrogen storage, CO2 sequestration and molecular sieving. There is considerable information published on the thermodynamic absorption of light gases in these systems but very little knowledge about the local molecular dynamics.
Experimental 
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 The adsorption isotherms for HD on MCM-41 were carefully determined and pulsed NMR techniques were used to measure the nuclear spin-spin and spin-lattice relaxations from 1.5  to 20 K. The former are particularly sensitive to the quantum diffusion of the molecules in the nanotube structures and can be used to determine quantitative measures of the local motions. HD was used rather than normal H2 because of the complications resulting from ortho-para conversion on the surfaces that could make analysis of the results difficult.
Results and Discussion


The results shown in Fig. 1 indicate that there are two different regimes for thermal activation of the motion of the HD molecules adsorbed on MCM-41. Above 9 K one observes a single activation energy attributed to the motion of singe molecules. 
The low temperature behavior is consistent with the formation of small quantum clusters below 9 K as predicted by Wada et al. [1].
Conclusions

NMR measurements of the nuclear spin-spin relaxation times for HD adsorbed on MCM-41 show sharp changes if the relaxation times at 8.0 K and 12.4 K associated respectively with the breakup of clusters at low temperatures and the transition to a fluid at high temperatures.
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Fig.1 Temperature dependence of the nuclear spin-spin relaxation of HD molecules adsorbed on MCM-41. There are clearly two different regimes for the relaxation processes.











Fig.1 Temperature dependence of the nuclear spin-lattice relaxation of HD molecules adsorbed on MCM-41. There are clearly two different regimes for the relaxation processes.















