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Study of Proton Hyperpolarization Mechanisms Using Different Radicals at Low Temperature
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Introduction  

Dissolution dynamic nuclear polarization (dDNP) technique uses enhanced nuclear polarization of a substrate transferred from the persistent radicals by  dissolving the hyperpolarized substrate rapidly using a very hot water to room temperature and injecting it to live organisms for in vivo NMR/MRI studies 
 ADDIN EN.CITE 

1, 2
 Even  though 13C hyper-polarization is gaining more attention for  dissolution DNP experiment, proton hyperpolarization is useful for hyperpolarized animal angiography, protein hyperpolarization  and polarization transfer from 1H to 13C to increase 13C signal in NMR by cross polarization technique.3,4
Experimental 


 Different persistent radicals (trityl OX063, BDPA, DPPH, galvinoxyl, 4-oxo-TEMPO and EHBA Cr(V)) were dissolved in non-deuterated or deuterated solvents with glassing agent with or without metabolic substrates. Samples were frozen in liquid nitrogen, polarized and monitored using 2 µsec (5 W) pulse for every minute up to 30 minutes at low temperature (~1.2 K) ant 5 T magnetic field. 
Results and Discussion
Microwave frequency sweep experiment of 1H polarization showed that the hyperpolarization mechanism with radicals with narrower ESR linewidth than proton Larmor frequency (trityl OX063 and BDPA) involves solid effect and the extent of polarization is weak because of the forbidden transition. The hyperpolarization process with radicals with broader linewidth than proton Larmor frequency (e.g. 4-oxo-TEMPO) occurs through the thermal mixing mechanism and results in better polarization. Optimization of parameters such as concentration of radicals, solvent system, deuteration level, glassing agent etc. has led to the 1H polarization upto 90% with 4-oxo-TEMPO. 

Conclusions

Optimization of different parameters such as solvent system, selection and concertation of radicals, glassing agent, microwave frequency etc. is necessary to get the better hyperpolarization. Selection of suitable radical and solvent system is crucial for better polarization. 
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Fig. 1 The microwave frequency sweep of 'H
polarization for sample containing trityl and
TEMPO.

Fig. 2 'H Polarization build up curves for 3 M 1-13C sodium acetate and 40 mM 4-
oxo-TEMPO (150 pL) dissolved in D,O and different deuterated glassing agent.




