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Electron Relaxation Studies on Gadolinium-Based Fullerenes to Investigate Their Effects on Dissolution-DNP Efficiency
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Introduction 

The use of Gd compounds in combination with polarizing radicals such as trityl can notably increase nuclear polarization at low temperatures, which has been shown to enhance dissolution dynamic nuclear polarization (DNP) efficiency.1 However, currently available Gd–chelates molecules are not efficient at magnetic fields above 3.35 T, and present potential toxicity associated with leakage of Gd(III) ions, typically making them non-ideal for high concentration in vivo applications. Therefore, compounds such as Gd endohedral metallofullerenes2,3, which have a resistance to ion loss, are of interest for higher concentration in vivo applications to improve DNP signal enhancements, decrease enhancement build-up times and can be simultaneously utilized as an MRI contrast agent. To investigate the viability of these molecules for dissolution DNP measurements, and their relaxation mechanism on the DNP polarizing radicals, electron paramagnetic resonance (EPR) relaxivity measurements of different radicals with Gd-fullerenes at high magnetic fields have been made.
Experimental

High-frequency and field continuous wave and pulsed EPR measurements were performed at 120 GHz (4.25 T), 240 GHz (8.5 T) using the homebuilt quasi-optical heterodyne spectrometer based on a 12.5 T SC magnet, and at 94 GHz using the HiPER and Bruker E680 spectrometers at the EMR facility of the NHMFL Tallahassee. 
Results and Discussion
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The electron relaxation T1e time constants were measured for 5 mM trityl samples in the solvent of 1:1 H2O and DMSO when doped with 1 mM GdDOTA, GdDTPA, and Gd3N@C80[DiPEG(OH)x], and given in Table I (structures shown in Fig.1). T1e time constants were measured using saturation recovery experiments. Trityl T1e decreases with increasing field, and was shortened by all Gd compounds. At the temperature regime for dissolution DNP at 240 GHz, Gd3N@C80 [DiPEG(OH)x] affects T1e to a greater extent. This may be attributed to both the higher spin quantum number (21/2) of Gd3N@C80 as well as its large zero-field splitting (D = 11.5 GHz).

Conclusions

We have shown Gd3N@C80 [DiPEG(OH)x] is a promising dopant for high-field dissolution DNP for shortening trityl T1e. Further measurements will be performed on dissolution DNP formulas including various glassing agents.
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Fig.� SEQ Figure \* ARABIC �1� Electron relaxation agents: Gd3N@C80 [DiPEG(OH)x]3 (left) and GdDOTA and GdDTPA (right).








Table I Ox063 trityl electron spin relaxation times at 240 / 120 GHz and 6.5 / 20 K.�





�
T1e (ms) of trityl at 240 GHz�
T1e (ms) of trityl at 120 GHz�
�
�
20 K�
6.5 K�
20 K�
6.5 K�
�
trityl�
71�
259�
120�
445�
�
trityl, 1 mM GdDTPA�
26�
98�
9�
97�
�
trityl, 1 mM GdDOTA�
37�
184�
14�
220�
�
Trityl, 1 mM Gd3N@C80[DiPEG(OH)x]�
20�
42�
48�
159�
�















