[image: image1.jpg]<



[image: image4.jpg]CP with DNP

T T T
100 0 -100 Ppm

Direct DNP
f T T T 3
100 0 -100 Ppm

170





 Probing the Surface of γ-Al2O3 by Oxygen-17 Dynamic Nuclear Polarization Enhanced Solid-State NMR Spectroscopy
Wang, Q. and  Xu, J. (Wuhan Institute of Physics and Mathematics, CAS, China); Gan, Z. and Mentink-Vigier, F. (NHMFL)
Introduction 

γ-Al2O3 is of great importance in heterogeneous catalysis, which is widely applied either itself as catalysts or supports a wide range of important industrial reactions.  DNP-surface-enhanced NMR spectroscopy (DNP-SENS) enables atom-molecule level surface characterizations with enhanced spectral sensitivity and contrast of various materials.1 In this report, we show that surface and sub-surface oxygen species of γ-Al2O3 can be detected by 17O DNP-SENS. 1H/17O hetero-nuclear correlation (HETCOR) experiment with DNP enhancement is performed to differentiate protonated and non-protonated oxygen species.
Experimental 

17O enriched of γ-Al2O3 samples (with a BET surface area of 110 m2/g) were prepared using 70%-17O2 gas according to previously reported method on oxides.2 DNP-enhanced magic-angle spinning NMR experiments were performed using the 14.1 T (600 MHz) DNP spectrometer equipped with a 3.2 mm low-temperature MAS probe at the NHMFL. 
Results and Discussion


Dehydrated 17O enriched γ-Al2O3 samples were wetted with solution of biradical TEKPol in water-free and oxygen-free 1, 1, 2, 2-tetrachloroethane (C2Cl4H2) solvent for DNP measurement. Figure 1 presents the 1H MAS NMR spectra with and without microwave irradiation at ~100K showing an enhancement factor of ca. 20. With the proximity between DNP radicals to the surface, DNP enhanced spectra through either direct DNP or via cross-polarization from protons show predominantly oxygen species on and near the surface (Fig. 2). The peak in the CP spectrum agrees with the 2D 1H→17O HETCOR spectrum and we identify the peak near 0 ppm as the protonated surface oxygen species of hydroxyl groups (Fig. 3). It is interesting to note that the direct DNP spectrum shows a peak near 50 ppm. We tentatively identify as sub-surface oxygen species of γ-Al2O3 without bonded protons or bare oxygen species. 
Conclusions

The complex (sub-) surface oxygen species on γ-Al2O3 were probed by 1D and 2D 17O DNP-surface-enhanced NMR spectroscopy. The large signal enhancement allows us to perform fast 1H→17O HETCOR experiments for the identification of sub-surface oxygen species. 
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Fig.3 2D 1H→17O HETCOR DNP spectrum of γ-Al2O3.





Fig.2 17O CP MAS NMR spectrum (top) and single pulse spectrum (bottom) of dehydrated γ-Al2O3 with DNP enhancement.





Fig.1 1H MAS NMR spectra of dehydrated γ-Al2O3 with microwave irradiation on (top) or off (bottom).








