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Second-Order Quadrupolar Line Shapes Under Molecular Dynamics: An Additional Transition in the Extremely Fast Regime
Hung, I. (NHMFL); Wu, G. (Queen’s U., Chemistry) and Gan, Z. (NHMFL)
Introduction

NMR spectroscopy is a powerful tool not only for structure elucidation but also for probing molecular dynamics. Molecular motion can be probed by monitoring spectral line shapes and a variety of relaxation measurements which cover a wide range of motional time constants from seconds down to nanoseconds. In this work, we investigate chemical exchange and molecular dynamics for half-integer quadrupolar nuclei (S > 1/2) in solids. A unique two stage transition of the central-transition line shape for [17O]NaNO3, in which  the NO3− ions undergo 3-fold jumps, is observed. Quantum mechanical theory in full Liouville space is presented for the explanation of this phenomenon and used for line shape simulations. 
Experimental


Variable-temperature 17O experiments were performed without sample spinning at 21.1 T (900 MHz, NHMFL) and 14.1 T (600 MHz, Queen’s U) with Bruker spectrometers, corresponding to Larmor frequencies of 121.7 and 81.4 MHz, respectively.
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Static 17O VT NMR spectra for [17O]NaNO3 with temperatures ranging from 173 - 413 K show the change of line shape as a result of the 3-fold NO3− ion jumps. The first change in line shape occurs in the 180 - 230 K temperature range when the exchange rate kex approaches the breadth of the powder pattern 103 - 105 s-1. The center of mass of the line shape does not change because the three exchanging sites have the same isotropic chemical and quadrupolar shifts. The second stage of the transition occurs at much faster kex = 107 - 109 s-1 at higher temperatures. An important feature of the second line shape transition under faster exchange is the reduction of the isotropic quadrupolar shift and consequently a shift of the pattern’s center of mass towards the high frequency direction. The two-stage transition under chemical exchange is unique to half-integer quadrupolar nuclei and cannot be fully treated with the classical modified Bloch equations. Full quantum mechanical theory is necessary for line shape simulations covering both stages. Figure 1 shows good agreement between experimental and simulated spectra with rate constants spanning eight orders of magnitude (102 - 1010 s-1). An Arrhenius plot of the obtained kex values yield an activation energy for the 3-fold motional process of Ea = 37 kJ mol-1.

Conclusion


The spectra of half-integer quadrupolar nuclei under chemical exchange go through a two-stage transition. One occurs at rate constants near the breadth of the central transition spectrum and the other at much faster rate constants near the Larmor frequency.
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Figure � SEQ Figure \* ARABIC �1� 17O variable-temperature NMR experimental and simulated spectra of [17O]NaNO3, in which  the NO3− ions undergo 3-fold jumps.









