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Enhancement of 13C Dynamic Nuclear Polarization by Reduction of Electron Spin-Lattice Relaxation Time Using Ho(III)-DOTA
Kiswandhi, A.; Niedbalski, P.; Parish, C. (U. Texas Dallas, Physics); Kaur, P. (FSU, Physics); Martins, A. (UT Dallas, Chemistry); Fidelino, L.; Khemtong, C. (UT Southwestern Medical Center, AIRC); Song, L. (NHMFL); Sherry, A.D. (UT Southwestern Medical Center, AIRC) and Lumata, L. (UT Dallas, Physics)
Introduction

Dissolution dynamic nuclear polarization (DNP) is capable of production of hyperpolarized liquid suitable for metabolic studies using NMR and chemical shift imaging [1]. The key to achieve reliable results in these studies is to obtain as high polarization as possible and preserving the nuclear polarization. The maximum attainable nuclear polarization using DNP is highly dependent upon the sample preparation. Addition of trace lanthanide(III) ions, especially Gd(III), into the sample has been shown to highly enhance 13C polarization, but causes the polari​zation to decay at a faster rate [2,3]. On the other hand, Ho(III) has been shown to exhibit similar enhancement effect, while having minimal effect on the nuclear relaxation rate [3,4].     
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Three samples were prepared, containing 3 M [1-13C] sodium acetate (Cambridge Isotope) dissolved in a glassing matrix of 1:1 v/v water:glycerol doped with 15 mM trityl OX063 radical. The samples were further doped with (a) 2 mM Ho(III)-DOTA, (b) 2 mM Gd(III)-HP-DO3A, and (c) undoped reference. Hyper-polarization experiments were performed using HyperSense at UT Southwestern Medical Center. W-band EPR was carried out at the EMR facility at NHMFL using the Bruker Elexsys 680X spectrometer.  
Results and Discussion


The addition of trace Ho(III)-DOTA enhances the solid state polarization by 175 % compared to the ref​erence sample (Fig.1a). The enhancement is notice​ably smaller than the result obtained using Gd(III). However, in the liquid state after the dissolution, Ho-doped sample can preserve its polarization longer, which is indicated by its higher polarization (Fig.1b). The enhancement effect is attributed to the reduction of the electron T1 of the trityl radical as the theoretical limit of the polarization is dependent upon the factor T1-1/2 to the first order. In our case, the addition of Ho-DOTA reduces electron T1 from 380 ms to 25 ms. 
Conclusions

Addition of trace Ho(III) can further enhance the 13C polarization obtained via DNP. While not as effective as Gd(III) in enhancing the polarization, Ho(III) affects liquid state T1 only minimally. The enhancement can be attributed to the decrease in the electron T1 of trityl radical, which is shown by the EPR data.
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Fig.1 (a) The final 13C solid state polarization obtained by using DNP. (b) The 13C liquid state polarization obtained after the dissolution procedure. (c) The ESR data showing the reduction of electron T1 on the Ho-doped sample.









