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Characterization of Surface Accessible Catalytic 27Al, 119Sn, and 17O Species by DNP-Enhanced NMR Using Targeted Nitroxide Spin Probes as Reactant Models
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Introduction 
[image: ]	The aim of our study is to investigate the surface- and bulk-selective dynamic properties of catalytic materials. We have utilized dynamic nuclear polarization (DNP) magic angle spinning (MAS) solid-state NMR experiments to fulfill this aim. T1s of 27Al on/near the surface were measured by enhancing 27Al NMR signals based on e-1H DNP and 1H27Al cross-polarization (CP) method applied on an aluminum containing catalytic sample system, Al-SBA15.  For distinguishing T1s of 27Al on the surface (1st layer) from those of 27Al in the bulk (2nd layers), different magnitudes of 1H-27Al dipolar interactions have been utilized depending on the penetration depth of the 1H-27Al CP signal transfers. The source of protons is the water molecules from DNP juice that is mixed with radical molecules and catalytic materials. A bulk filter employed in the NMR pulse sequence (Fig. 1) selectively removes CP signals coming from the surface 27Al by utilizing a rotary resonance (RR) dipolar recoupling effect that is introduced when the 1H rf field strength, iI, matches to the MAS spinning rate, r. By adjusting the length of the RR recoupling period one can remove signals from stronger 1H-27Al dipolar coupling interactions.1 Experiments were repeated with and without the bulk-filter. In this manner T1s from the aluminum species on the 1st and from the bulk layers can be distinguished. This project utilized a state of the art DNP instrumentation of the National High Magnetic Field laboratory (NHMFL) that is equipped with a gyrotron microwave source at 395 GHz and a magnetic field of 14.1 T. 

Experimental
Fig. 1 shows the DNP/CP pulse sequence that employs a bulk filter. The penetration depth of 1H-27Al CP transfers is varied by changing the CP contact time. A T1 variable delay time  that is sandwiched by two 90-degree pulses was placed before the signal acquisition to encode DNP/CP-enhanced 27Al T1. Samples were prepared by mixing the mesoporous Al-SBA15 with an aqueous solution (90% D2O+10% H2O) containing 10 mM TOTAPOL.

Results and Discussion
	Three different types of 27Al T1 values were detected when the experiment was carried out without employing the bulk-filter in the sequence: 42, 1053, and 29020 ms. Among these values the slowest one closely matches to the T1 value (30020 ms) that is obtained by employing the bulk filter. This T1 value would be from the aluminum species on the 2nd layer that may closely resembles the characteristics of the bulk.

Conclusions
	Two experimental data, 42 and 1053 ms, obtained by employing a short CP mixing time (400 s) without bulk filter may reflect the T1 motional dynamics of aluminum species that are present on the 1st layer of the Al-SBA-15 surface.[bookmark: _GoBack]Fig.1 DNP/CP pulse sequence to selectively detect surface or bulk only T1 measurements with and without incorporating bulk filter.
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