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Investigation of the Effects of Glassing Matrix Deuteration and Gd3+ Doping on 13C Dynamic Nuclear Polarization at 5 Tesla
Kiswandhi, A. (UT Dallas); Lama, B. (UF, AMRIS/NHMFL); Niedbalski, P.; Goderya, M. (UT Dallas); Long, J.R. (UF, AMRIS/NHMFL) and Lumata, L. (UT Dallas) 
Introduction 

Dynamic nuclear polarization (DNP) is a technique in physics that can be utilized to amplify NMR signals. The amplification depends on several factors, including the field strength, choice of free radicals, glassing matrix, and a presence of paramagnetic substances (contrast agents). Commonly available DNP systems, so far, operate at the W-band field (3.35 T). However, there is a trend towards using higher fields as it gives a higher polarization, hence the signal. Here we investigate the usability of deuteration and Gd3+ contrast agent at 5 T.  
Experimental


We prepared two sets of samples doped with different free radicals at optimum concentration, 4-oxo-TEMPO (40 mM) and Trityl OX063 (15 mM) to represent free radicals having wide and narrow electron spin resonance (ESR) spectrum, respectively. For each set, 3 samples (100 μl vol each) were prepared: (1) reference sample, with 1:1 v/v glycerol/water as a glassing matrix; (2) deuterated, with 1:1 v/v d8-glycerol/D2O as a solvent; and (3) Gd3+ doped, with glycerol/water and 2mM Prohance Gd3+ added. Each samples were measured using a homebuilt DNP polarizer at University of Florida. The samples were cooled to T<1.2 K and irradiated with microwave at optimum frequency (140.31 GHz for trityl, 140.71 GHz for TEMPO) for up to 4 hours and the polarization was monitored using low-tip angle pulse (30μs, 10W) every 200 s (TEMPO) and 300 s (trityl).   
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Results and Discussion
The main result of this study is summarized in Fig 1. For the trityl-doped sample, deuteration leads to a decrease of polarization by ~60 %, while Gd3+ modestly enhances the polarization. The TEMPO-doped samples show ~ 40% increase in the deuterated sample, but Gd3+ doping gives a slight decrease in the polarization. The effect can be understood using the thermodynamic model of DNP [1], in particular the thermal mixing model. In the trityl reference sample, the 1H Larmor frequency (ω) of the glassing matrix (H2O) is higher than the ESR linewidth (D) of trityl. In this case the heat capacity (C) of 1H does not contribute to the total heat load of the system. In deuterated sample, ω(2H) < D, so the heat load increases and the polarization decreases. In the model, C~ω2 also applies. In TEMPO with ω < D, deuteration reduces C and the polarization increases. 
Conclusions

At 5 Tesla, glassing matrix deuteration is still beneficial when 4-oxo-TEMPO is used as a free radical, which is a consequence of the lowering of the heat load of the nuclear Zeeman system, leading to a higher polarization. In the trityl-doped sample, deuteration increases the heat load leading to a lower polarization. A doping by Gd3+ is still beneficial in the trityl-doped sample but to a lesser degree compared to the results of 13C DNP at 3.35 T.
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Fig.1 The 13C relative polarization of the trityl-doped (top) and TEMPO-doped (bottom) samples polarized at B = 5 T, normalized to the reference sample.









