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Abstract:

Solid-state NMR methods are being continuously advanced, offering improved resolution, sensitivity and new capabilities in structural analysis. We will show how these new techniques were utilized in several collaborative research projects at the Ames Laboratory, mainly in the area of heterogeneous catalysis. 

(1) Selective oxidation by metal oxides. We applied the arsenal of solid-state 17O and 51V NMR methods, some of which were recently developed in this program, in the investigations of vanadium oxide gels and catalysts derived from aqueous solutions of V2O5 and H2O2. The 17O MAS and MQMAS NMR methods provided unprecedented structural insight; up to 15 different sites were identified in some materials. Evidence was obtained for room-temperature oxygen exchange between re-adsorbed water and the oxygen sites of the gel matrix, indicating that these materials are suitable for low temperature oxidation catalysis. The same methods were applied to study the selective oxidation catalysts based on mixed metal oxides (V-Mo gels).

(2) Mesoporous and microporous molecular sieves. This new effort is aimed at (i) the synthesis and characterization of mesoporous alumina and aluminosilicate molecular sieves with 3-4 nm pore size and (ii) the functionalization of mesoporous silica/alumina catalysts and subsequent polymerization of highly ordered conductive polymers (molecular nanowires) inside the insulated channels. In particular, successful polymerization of 1,4-diethynylbenzene into a butadiyne-bridged phenyl polymer within the mesoporous channels using the Cu2+- functionalized, MCM catalyst has been achieved, as evidenced by fluorescence emission and solid-state 13C NMR spectroscopy. Finally, our newest results will be shown on the characterization of zeolites Y, ZSM-5 and industrial zeolite-based catalysts by solid state NMR of 27Al and 31P. 
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