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Investigation of Gd(III) as Polarizing Agent at High Fields Using MAS-DNP and EPR 
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Introduction and Motivation


High-spin metal ions such as Gd3+, and Mn2+ are rather new polarizing agents (PAs) and are of great interest to us.1 We have performed a detailed analysis of field-dependent DNP enhancements (field profile) of 1H, 13C, and 15N with Gd-DOTA concentrations between 2 mM and 20 mM at a sweepable 9.4 T (400 MHz) MAS DNP magnet. Solid effect (SE) and cross effect (CE) are the main DNP mechanisms under these experimental conditions. We aimed to systematically investigate the influence of external magnetic field on the DNP mechanisms invoked. 

Experimental


Sample was packed in a 3.2 mm sapphire rotor in the same way as earlier studies in Frankfurt and shipped to the NHMFL. The sample contained 20 mM Gd-DOTA, and 2 M 13C-15N-urea in 60/40 glycerol/H2O. Sweepable 14.1 T (600 MHz) MAS DNP magnet at NHMFL was used to record 1H, 13C, and 15N DNP field profiles.
Results and Discussion


Active DNP mechanism is expected to change due to increased nuclear Larmor frequency but decreased second order zero field splitting of Gd3+ at higher magnetic fields. From our previous study of Gd-DOTA at 9.4 T, we had found out that CE DNP with this narrow line PA was possible.2 Furthermore, Gd-DOTA invokes SE, CE, or both depending on concentration and nuclear Larmor frequency at the external magnetic field. Comparison between field profiles at 9.4 T and 14.1 T shows that SE and CE (both) are active at high field in contrast to mostly CE at 9.4 T for 20 mM Gd-DOTA concentration (Fig. 1). A simple model was used for SE and CE simulations with Easyspin EPR spectrum as basis.3 Maximum enhancements decrease for 15N and 13C as expected from theory whereas, slight increase in 1H enhancement remains unexplained. 
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Fig. 1 Comparison of 1H, 13C, and 15N DNP field profiles of 20 mM Gd-DOTA 
at 400 MHz and 600 MHz sweepable MAS-DNP spectrometers. 
Conclusions

The change is the shape of field profiles at 600 MHz is clear, however, continuous wave EPR spectrum at comparable magnetic field is required for further analysis and confirmation of theoretical prediction.
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