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Revisiting Spin-Lattice Relaxation Time Measurements for Dilute Spins in High-Resolution Solid-State MAS NMR Spectroscopy
Fu, R. (NHMFL); Li, J. (Beijing Computational Science Center, Physics); Cui, J.Y. and Peng, X.H. (U. of Science and Technology China, Modern Physics)
Introduction 
      Motional dynamics over a wide range of timescales can be uniquely characterized by NMR spectroscopy using characteristic spin relaxation parameters. For instance, spin-lattice relaxation times (T1) have been commonly used to probe motional dynamics in timescales of microseconds. In particular, high-resolution solid-state MAS NMR spectroscopy, which typically requires cross polarization (CP) for enhancing their sensitivity and high-power 1H decoupling during acquisition for improving their resolution, yields solution-like spectra for dilute S spins such as 13C in solid materials and allows us to characterize the motional dynamics for individual functional groups in the materials by measuring relaxation parameters of the S spins. However, the I-S heteronuclear cross relaxation effect alters the longitudinal recovery trajectory of the S spins in the T1S measurements. As a result, the measured T1S values are very different from their true values. Here, we revisit the T1S measurement methods for the S spins in high-resolution solid-state NMR and theoretically analyze the heteronuclear cross relaxation effect in the absence of 1H saturation during the recovery time in an attempt to minimize/suppress the heteronuclear cross relaxation effects so as to obtain the true T1S values accurately.
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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. The 13C T1 values for the natural abundance L-isoleucine amino acid sample were measured under various T1 measurement schemes.
Results and Discussion

Fig. 1 shows the pulse sequence for saturation recovery T1S measurements and the four methyl carbons’ recovery trajectories of the L-isoleucine sample at different recycle delays. Apparently, when a short recycle delay is employed, the 13C magnetizations first overshoot to a maximum above its equilibrium and then relax back to its equilibrium plateau during the recovery. Such phenomena were observed in both solution and solid-state NMR spectra. In this work, we have demonstrated theoretically and experimentally that by manipulating the initial S and I magnetizations at the beginning of the S spin magnetization recovery, the heteronuclear cross relaxation effect can be minimized/suppressed, thus allowing us to obtain the accurate T1S values. In particular, we noticed that the heteronuclear cross relaxation effect depends on the 1H magnetization and its relaxation properties, but is not associated with the initial S magnetization. Therefore, if the S magnetization is initially prepared along the –z axis in one acquisition and along the +z axis in the following acquisition, subtracting these two consecutive acquisitions could completely cancel the heteronuclear cross relaxation effect, leading to accurate measurements of the T1S values [1]. 
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Fig. 1. (a) Pulse sequence for saturation recovery T1S measurements. (b) Plots of normalized integral signal intensities as a function of recovery time using saturation recovery method with two different recycle delays (d1=20s for blue squares and d1=0.5s for red circles). The blue squares were fitted single-exponentially as indicated by the blue line, while the red circles were fitted with the consideration of the heteronuclear cross relaxation effect as indicated by the red solid lines.








