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Diffusional Dynamics for Optimizing Overhauser DNP at High Magnetic Fields
Akinfaderin, A. (NHMFL and FSU, Physics); Wi, S.; van Tol, J.; Trociewitz, B.; Dubroca, T. (NHMFL); Frydman, L. (NHMFL and Weizmann Institute, Israel) and Hill, S. (NHMFL and FSU, Physics)
Introduction and Motivation

Nuclear Magnetic Resonance (NMR) is a versatile analytical tool that is able to predict molecular structures and obtain information from a fundamental theoretical framework, but its sensitivity is quite limited. Overhauser Dynamic Nuclear Polarization (O-DNP), which relies on the transfer of spin polarization from electrons to nuclei of interest, has gained a sudden resurgence for enhancing NMR sensitivity.  O-DNP is more effective when the correlation time of the fluctuations between the electron-nuclear spin interactions is less than the inverse of the electron Larmor frequency ((L–1). This O-DNP condition is satisfied for high viscosity solvents such as water and benzene at low magnetic field. However, a decrease in O-DNP enhancement is predicted at high magnetic fields (short (L–1) because the diffusional dynamics are limited by the viscosity of the solvents.
Experiment and Discussion

We performed High Frequency Electron Paramagnetic Resonance (HF-EPR) experiments on a solution of hexane and the TEMPO radical at 336GHz/12.5T. Using a multicomponent simulation platform, we determined the rotational correlation time to be in the range from 6 to 23 ps in the temperature range from 185 to 320 K, respectively, based on analysis of continuous-wave nitroxide EPR spectral lineshapes (Fig.1). We also performed diffusion NMR experiments using the Bipolar Pulse Pair – Stimulated Echo (BPP-STE) sequence. The self-diffusion coefficient of pure hexane at 35(C is 4.5(10–9 m/s2, and it becomes faster by an order of magnitude when a combination of hexane and CO2 is utilized (Fig.2). Using the translational diffusion approach, solvents such as supercritical-CO2 (which have much lower viscosity than conventional organic solvents) have correlation times in the sub-picoseconds regime and are perfect candidates for optimizing O-DNP experiments.
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	Fig.1 Temperature dependence of correlation times from EPR spectral simulations. Inset: EPR spectrum and simulation for a solution of hexane and 1mM TEMPO at 336GHz.
	Fig.2 Diffusion coefficient of 99% CO2 and 1% hexane with a pressure of 80 bar. The quadratic pattern shows the CO2 transition from liquid to a supercritical phase at 31oC.
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