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EPR Studies on the Effects of Gadolinium-based Fullerenes on DNP Enhancements at Cryogenic Temperatures
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Introduction 
 
The use of Gd (III) compounds in combination with polarizing radicals can notably increase nuclear polarization at low temperatures, which has been shown to enhance dissolution-DNP efficiency.1 On the account of deficiency of currently available Gd–chelates and the growing trend toward higher magnetic fields for dissolution DNP polarizers, superior Gd(III) compounds intended for in vivo applications such as gadolinium based endohedral metallofullerenes2,3 are expected for improving achievable polarization and build up rate especially for low-γ nuclei. 
Experimental

Experiments were performed at 5 T homebuilt static DNP, quasioptical 94 GHz kW pulsed EPR spectrometer (HiPER), Bruker W-band pulsed EPR, and the homebuilt quasi-optical heterodyne EPR spectrometers at 120 GHz, 240 GHz, and 336 GHz at cryogenic temperatures as low as 1.2 K.
Results and Discussion
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The 1H DNP enhancement at 5 T and 1 K of toluene by 40mM TEMPO is increased by 100 % in the presence of 0.4mM Gd2@C79N (molecular structure shown in Figure 1) using about 120mW mw power. Proton polarization buildup time is shortened by 15%, and proton signal decay constant (approximately proton T1) is shortened by 50%. Under similar conditions, 13C enhancement at 5 T and 1 K of toluene by 40mM TEMPO is increased by about 50 % in the presence of Gd2@C79N. Figure 2 shows microwave off and on DNP signals of 1H and 13C with in the presence and in the absence of Gd2@C79N. 

Relaxation experiments at W-band and 6.5 K show Gd2@C79N (1% concentration of 40 mM TEMPO) shortens T1e of TEMPO from 45 ms to 1.6 ms, and TM is shortened by 43%. Hence Gd2@C79N is more effective for electron relaxation than common Gd (III) compounds. Furthermore, experimental ELDOR spectra agree well with simulations based on recent proposed theoretical frameworks4 that count electron spectral diffusion effects. 
Conclusions

We have shown Gd (III)-based fullerenes are promising candidates for dissolution DNP dopants. EPR studies have indicated that in the case of TEMPO/Gd2@C79N system, with slightly shortened nuclear T1n, the significant decrease in T1e has effectively increased the electron polarization transfer efficiency to the nuclei.
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Fig. � SEQ Figure \* ARABIC �2� 1H (left) and 13C (right) mw on/off signals in absence and in presence of Gd2@C79N at 5T and 1.2K using about 120 mW mw power.





Fig. � SEQ Figure \* ARABIC �1� Gadofullerenes as relaxation agents for dissolution DNP: Gd2@C79N and Gd3N@C80(OH)~26(CH2CH2COOM)~162,3 








