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Influence of Dy3+ and Tb3+ Doping on 13C Dynamic Nuclear Polarization

Niedbalski, P.; Parish, C.; Kiswandhi, A. (U. Texas Dallas, Physics); Hayati, Z. (FSU, Physics); Martins, A. (UT Dallas, Chemistry); Fidelino, L.; Khemtong, C. (UT Southwestern Medical Center, AIRC); Song, L. (NHMFL); Sherry, A.D. (UT Southwestern, AIRC) and Lumata, L. (UT Dallas, Physics)
Introduction

Nuclear magnetic resonance (NMR), while useful in many areas of science, suffers from insensitivity due to the low magnetic moment of nuclear spins leading to low polarization. This may be alleviated somewhat using dissolution dynamic nuclear polarization (DNP), a method that transfers high electron polarization to nuclei and results in a highly polarized, room temperature liquid sample [1]. Previous research has shown that the addition of trace amounts of lanthanide ions, specifically Gd3+ and Ho3+, can further improve nuclear polarization [2,3]. Other lanthanide(III) ions have been tested in DNP, with limited success. However, the paramagnetic properties of dysprosium and terbium suggest that they may be viable doping agents in DNP [4]. 
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Experimental


Two samples were prepared according to standard DNP procedure containing 3 M [1-13C] sodium acetate (Cambridge Isotopes) and 15 mM trityl OX063 free radical in a 1:1 v/v water:glycerol glassing matrix. These samples were further doped with a number of concentrations of Tb(III)-DOTA and Dy(III)-DOTA in order to determine the optimum concentration of the two lanthanide ions. Electron paramagnetic resonance (W-band) studies were performed on samples containing 2 mM lanthanide at the EMR facility at NHMFL. DNP experiments were performed using a HyperSense polarizer (Oxford Instruments) at UT Southwestern Medical Center.
Results and Discussion


The addition of both Tb(III) and Dy(III) lead to enhancements in both the solid and liquid-state 13C NMR signal of the samples when compared to a reference sample. Tb(III) was found to be the more effective of the two in that it yields high polarization both in the solid and liquid states, requires only 0.25 mM for optimum effect, and leads to no reduction of the liquid state 13C T​1 relaxation time. EPR studies suggest that the enhancement of polarization is a result of the reduction of the trityl radical electron relaxation time induced by the addition of lanthanide ion.
Conclusions

The addition of trace amounts of Tb(III)-DOTA or Dy(III)-DOTA can lead to significant enhancement of the 13C NMR enhancement when using DNP. Doping with terbium leads to liquid state polarization comparable to that achieved using the more established doping agents Gd(III) and Ho(III) without shortening T1​ as Gd does.
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Fig.1 (a) EPR data showing the reduction in T1 for the Tb and Dy doped samples. (b) The 13C solid state DNP intensity achieved after 2 hours of polarization (c) The liquid State NMR enhancement observed post-dissolution.









