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Transition Metal Doping Reveals Link between Electron T1 Reduction and 13C Dynamic Nuclear Polarization Efficiency
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Dynamic Nuclear Polarization (DNP) is becoming increasingly popular within the field of magnetic resonance due to its impressive ability to enhance magnetic resonance signals thousands of times greater than at thermal equilibrium [1]. Essential to the DNP process are free radicals from which electron polarization is transferred to nuclei. In dissolution DNP, one of the most commonly used free radicals is the carbon-centered trityl radical which is extremely stable and has a very narrow EPR linewidth, making it very effective as a polarizing agent. One of the curiosities of using the trityl radical is that DNP efficiency may be further enhanced through the addition of trace amounts of MRI contrast agent such as gadolinium or other lanthanide ions [2]. 

Experimental 

We have explored the use of other similarly paramagnetic agents in dissolution DNP using the trityl free radical. Specifically, we have prepared transition metal complexes and used them as dopants in 13C DNP. The complexes that were tested were Mn2+-NOTA, Cu2+-NOTA, and Co2+-NOTA. These were added in trace quantities to DNP samples, which were then studied using a HyperSense polarizer (3.35 T, 1.2 K) for solid-state polarization and dissolution. EPR electron relaxation measurements were done using the Bruker W-band EPR spectrometer at NHMFL.
Results and Discussion

       We found that Mn2+-NOTA was effective as a dopant, increasing the 13C solid state polarization maximum to about 2/3 of that achieved with gadolinium. Co2+-NOTA and Cu2+-NOTA, on the other hand, had essentially no impact on polarization (Fig.1a). These findings were mirrored in the liquid state following dissolution. W-band EPR showed that the trityl electron T1 was shortened drastically by Mn2+-NOTA, but unchanged by the other two transition metal complexes which agrees with the common thought that the polarization increase is brought on by shortened electron T1 (Fig.1b). Simulations using a recent model of thermal mixing corroborate these findings.   

Conclusions

Electron T1 reduction of the free radical polarizing agent by a paramagnetic additive is an essential requirement for the 13C DNP signal improvement observed at cryogenic temperature.
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Fig.1 (a) 13C polarization build up curves for 3 M [1-13C] acetate doped with 15 mM trityl and the optimum concentration of transition metal complex. (b) Temperature dependence of trityl electron T1 for the same samples as in (a).








