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Heteronuclear NOE in Direct 13C MAS DNP
Hung, I.; Wang, X. and Gan, Z. (NHMFL)
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Dynamic Nuclear Polarization (DNP) combined with magic-angle spinning (MAS) can enhance nuclear polarization by more than two orders magnitude and has become a powerful high-resolution solid-state NMR technique.[1] The polarization enhancement under DNP varies among the different nuclear spin species in samples. Usually the enhancement is fastest and most pronounced for the protons, due to the stronger interaction with the unpaired electrons and rapid proton spin diffusion. In this work, we investigate the direct 13C DNP mechanism under conditions typically optimized for 1H enhancement via the cross-effect. We have found that the heteronuclear Nuclear Overhauser Effect (NOE)[2,3] between 1H and 13C nuclei has a profound effect on direct 13C DNP NMR spectra.
Experimental 

All DNP measurements were carried out at the NHMFL using a 600 MHz MAS DNP system and a Bruker Avance I spectrometer. Samples were prepared by mixing the compound of interest and the bi-radical AMUPol in a solution made up of [d8]glycerol, D2O and H2O in volume ratios of 60:30:10.[4]
Results and Discussion
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Fig. 1 shows direct 13C DNP spectra with and without proton saturation pulses during DNP polarization buildup. For small molecules such as proline, the DNP enhancement is found to be negative (Fig. 1a). In conventional NOE experiments, reduction of 1H polarization by saturation results in an increase in the 13C peak intensity through 13C-1H dipolar relaxation. Under DNP conditions, the opposite occurs: the 1H polarization is augmented, inducing a negative NOE on the 13C nuclei. Since protons are most significantly and rapidly enhanced by DNP due to their strong electron-nuclear dipolar interaction and fast homonuclear spin-diffusion, 13C DNP via NOE dominates over direct 13C DNP resulting in a net negative enhancement. The NOE contribution can be suppressed by applying 1H saturation pulses, preventing 1H DNP. Fig. 1c shows that the direct 13C DNP spectrum becomes positive reflecting the true direct enhancement from the radical agent. Direct 13C DNP (Fig. 1c) is found to be much slower and weaker than the contribution from DNP via NOE. For a sample of uniformly [13C,15N] labeled GB1 protein, both 13C DNP mechanisms are positive (Figs. 1d, 1f), indicating a much faster direct enhancement from the radical agent, which is likely due to much faster 13C spin-diffusion in the protein compared to small molecules. For GB1, omission of the negative NOE contribution by 1H saturation results in double the 13C DNP intensity.
Conclusions

We have shown that the heteronuclear NOE has a significant role in the DNP mechanism when radicals can polarize multiple spin species. The observed DNP via NOE mechanism may provide an alternative to DNP for quadrupolar nuclei, where cross-polarization from 1H is typically very inefficient.
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Fig.1 13C DNP spectra of proline and GB1 protein with and without 1H saturation during microwave irradiation. 











