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Transient NOE Enhancement in Solid-State MAS NMR of Mobile Systems
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Introduction
Sensitivity enhancement through the polarization transfer from abundant nuclei with higher gyromagnetic ratios, such as 1H, has been an essential part in NMR observations of dilute nuclei with low gyromagnetic ratios such as 13C. Depending on coupling systems in samples being investigated, various sensitivity enhancement schemes have been proposed and widely employed in studies of physical, chemical, and dynamic properties of the samples. In solid-state samples where the dipolar interactions persist, heteronuclear cross polarization (CP) efficiently enhances signal intensities of dilute nuclei by spin-locking the 1H and S spin magnetization simultaneously in doubly rotating frames where the Hartmann-Hahn matching condition is fulfilled. It has been known that CP dynamics strongly depends on the heteronuclear dipolar couplings as well as the relaxation properties in the rotating frames. Stronger heteronuclear dipolar couplings result in faster magnetization transfer from 1H to the S spin. Once the heteronuclear dipolar couplings are completely averaged out due to fast molecular motion, as in solution samples where only scalar couplings remain, the J-coupling based INEPT (insensitive nuclei enhanced by polarization transfer) is an effective tool for enhancing the signal intensities of dilute nuclei. However, when the dipolar couplings are just partially suppressed by molecular motions in mobile systems, such as the systems with a large degree of molecular motion or semi-solids like hydrated lipid systems, the CP efficiency is greatly reduced. While any residual dipolar couplings lead to insufficient INEPT polarization transfer due to the magnetization loss caused by 13C and 1H spin-spin relaxation times (i.e. T2) during the long delay periods in the INEPT pulse sequence. Therefore, low-( nuclei in such systems often exhibit poor sensitivity in NMR experiments due to inefficient polarization transfer. Here, we propose an alternative way by utilizing transient nuclear Overhauser effect to enhance signals arising from mobile systems [1]. 
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Experimental


High-resolution solid-state MAS NMR spectra were acquired on a Bruker Avance 600 MHz NMR spectrometer using a 4mm Bruker HFX triple-resonance CPMAS probe. 
Results and Discussion


Fig.1a shows the pulse sequence utilizing the transient NOE to enhance the sensitivity of a dilute spin in mobile system. Fig. 1b shows the plot of normalized signal intensities for the methyl 13C resonances as a function of the delay time ( between the 1H 180º pulse and the 13C 90º pulse. Clearly, the signals for all methyl resonances are always stronger than that from direct polarization (i.e. without the 1H 180º pulse). We have derived theoretically that the maximum transient NOE enhancement factor is highly dependent on the ratio of their spin lattice relaxation rates i.e. R1C/R1H. When  R1C/R1H >> 1, the maximum transient NOE enhancement factor is larger than what can be achieved in the steady-state (SS)-NOE experiments, as can be seen for the methyl 13C signal at 13.9 ppm. On the other hand, when  R1C/R1H < 1,  the maximum pulsed NOE enhancement factor would be smaller than the SS-NOE enhancement factor, as shown for the other methyl 13C signals.
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Fig. 1. (a) Transient NOE pulse sequence used to enhance the sensitivity of a dilute spin in mobile systems. (b) Plots of the methyl signals for as a function of the delay ( between the 1H 180º pulse and the direct excitation on the S spin. All signals were normalized to the directly polarized signals (i.e. without the 1H 180 º pulse). 








