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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 

The objective of the team is to exploit Dynamic nuclear polarization (DNP) enhanced magic angle spinning (MAS) solid-state NMR to characterize surface accessible catalytic species that usually evade detection by conventional NMR spectroscopic methods. The team’s focus is to use tailored nitroxide spin probes designed to mimic ligand or reactant species, so as to characterize the surface “as seen by” the active species. This requires on the one hand versatility in nitroxide radical design, which is more broadly available if modified mono-nitroxide radicals can be used for DNP, and on the other hand highest DNP performance, as available at the National High Magnetic Field Laboratory (NHMFL) with a state of the art DNP instrumentation, powered with a gyrotron microwave source at 395 GHz and at a magnetic field of 14.1 T, operational at 100 K. First proof of principle studies were performed on aluminum containing mesoporous scaffold material, Al-SBA-15.
[image: image2.emf]Experimental 

10 mM solution samples containing TOTAPOL, amino-TEMPO or carboxyl-TEMPO were prepared in 90% D2O and 10% H2O. 30 mg of Al-SBA-15 was mixed thoroughly with 40 l of each radical solution by voertexing in a micro-centrifuge Ependorff tube. Each sample’s paste mixture was packed into a 3.2 mm zirconia rotor (with a Vespel cap), and the rotor was inserted into the DNP MAS probe that is precooled to 100 K. About 7 kHz of MAS spinning rate was utilized for our DNP/1H-27Al CPMAS experiments. MW irradiation at approximately 20 W of power was applied, and 1H-27Al cross polarization (CP) methods used to enhance 27Al NMR signal. The optimal 1H-27Al CP condition was found with continuous wave (CW) MW irradiation.  
Results and Discussion


Al-SBA-15 is a mesoporous catalytic aluminosilicate material1 with an average channel pore size of 7 nm, allowing water and radical molecules to freely diffuse and approach the acidic (negatively charged) Al-based catalysts centers on its surface. Fig. 1 shows, so obtained DNP-enhanced CP/1H-27Al CPMAS spectra of Al-SBA-15 that is mixed with 40 l of 10 mM aqueous solutions of TOTAPOL (bottom), amino-TEMPO (middle), and carboxyl-TEMPO (top). The signal enhancement factor from the bi-radical TOTAPOL solution ( ≈18) is greater than those obtained from mono-radical solutions based on the cross-effect DNP mechanism,2,3 as expected, and shown at the side of each spectrum. Mono-radicals such as amino-TEMPO ( ≈10) and carboxyl-TEMPO ( ≈ 4.4) also provide cross-effect signal enhancements. The difference in enhancement factor  between the mono-radicals amino-TEMPO and carboxyl-TEMPO can be attributed to the relative acidity of two radicals with respect to the Al-based catalytic centers that are thought to be acidic. The basic radical, amino-TEMPO, is expected to approach more closely to the acidic Al, and thus may produce a greater enhancement () factor than the case involving carboxyl-TEMPO radical that is acidic.
Conclusions

DNP/1H-27Al CPMAS experiments provided signal enhancements in the range of  = 4.4~18 depending on the type of radicals used. While it is too premature to make conclusions about the nature of radical-surface approach, the significance of these first results is that generic monoradical could be used to perform DNP experiments, as this opens up the opportunity to use tailored, reactant mimicking, spin probes to obtain differential DNP effects.
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Fig.1 DNP/1H-27Al CPMAS spectra of Al-SBA-15 mixed with carboxyl-TEMPO (top), amino-TEMPO (middle), and TOTAPOL (bottom).









