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Electron Spin Resonance of DPPH Free Radical at Optimum DNP Concentration
Khamoshi, A. (U. Texas, Dallas, Physics); Kaur, P. (NHMFL); Niedbalski, P. (U. Texas, Dallas, Physics); Song, L. (NHMFL) and Lumata, L. (U. Texas, Dallas, Physics) 
Introduction 

Dynamic nuclear polarization (DNP) is a physical phenomenon that amplifies the nuclear magnetic resonance (NMR) signals. DNP works via a microwave-driven transfer of high electron spin alignment or polarization to the nuclear spins at low temperature and high magnetic field. Central to the DNP process are the sources of free electrons which are mainly provided by stable organic free radicals. In this project, we have investigated the temperature dependence of electron spin-lattice relaxation time T1 of 2,2-diphenyl-1-picrylhydrazyl (DPPH) at W-band (94 GHz, 3.35 T). Although hydrophobic, DPPH is soluble in sulfolane and has been proven to be an efficient polarizing agent for dissolution DNP.1,2  
Experimental


100 µL aliquots of 20 mM and 40 mM BDPA solutions were prepared in 1:1 vol/vol sulfolane: dimethyl sulfoxide (DMSO). The same sets of solutions were prepared for 20 mM and 40 mM DPPH. The ESR experiments were performed at the National High Magnetic Field Laboratory (NHMFL) in Tallahassee, FL. W-band (94 GHz) measurements were done on a Bruker E680 ESR spectrometer with a cylindrical cavity for W-band (Bruker E-600-1021 HE). The ESR spectra were recorded by an echo-detected field sweep method. The electron spin–lattice relaxation time T1 data were measured using echo-detected inversion recovery technique.
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Results and Discussion
Fig. 1 displays the log-log plots of the temperature dependence of the electron relaxation rate (1/T1) vs temperature. It is evident from the figure that the electron 1/T1 generally decreases as the temperature is lowered; electron field fluctuations are frozen out. The electron relaxation rates can be fitted with power law equation 1/T1~ Ta   where T is the temperature and ‘a’ is the power law exponent. Inspection of the power law fittings in the data suggests that the temperature dependence of electron relaxation rate of DPPH (20 mM) exhibits a behavior close to the Raman process prediction at high temperature above 20 K, while below 20 K it resembles the direct process behavior. Increasing the DPPH concentration to 40 mM yielded a behavior close to the direct process prediction even at higher temperature regime.
Conclusions

At W-band, Raman process dominates the relaxation behavior for DPPH at high T regime (> 20 K), whereas relaxation slows down to direct process at low T. Increasing the concentration to 40 mM yielded a direct process behavior even at high T regime.
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Fig. 1. Temperature dependence of the electron spin lattice relaxation rate at W-band (3.35 T) for 20 mM and 40 mM DPPH in 1:1 v/v sulfolane:DMSO glassing matrices.









