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Study of effect of oxygen in sample matrix on 13C Hyperpolarization at 5 T and <1.2 K

Lama, B., Merritt, M. P. and Long, J. (UF, Biochemistry and Molecular Biology)
Introduction 

Dissolution dynamic nuclear polarization (dDNP) is a technique to transfer the large Boltzmann polarization of the electron to the low abundant nuclei via microwave radiation. The frozen polarized sample is dissolved with superheated water in a moderate magnetic field while retaining the high nuclear polarization level obtained at low temperature and used for NMR/MRI studies.
 ADDIN EN.CITE 

1, 2
  Oxygen is a paramagnetic species and the presence of oxygen in samples can decrease the spin lattice relaxation time (T1). The extent of hyperpolarization of the sample is dependent in nuclear and electron relaxation time (T1n and T1e) as follows,
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where βL = ħ/kBTL (ħ, kB, TL are Planck's constant, the Boltzmann constant, and the lattice temperature, respectively). In addition, ωe is the electron Larmor frequency, η (=T1e/T1n) is the ratio of the electron spin relaxation time (T1e) to the nuclear spin-lattice relaxation time (T1n), and f is the “leakage factor”. 3,4
Experimental 
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Fig.1 1-'3C Polarization build up curves for sodium acetate (2.0 M) with
different dissolved oxygen level (2:1 D,O:EtOD + 50 mM 4-oxo-TEMPO)




1-13C – sodium acetate (3.0 M) was dissolved in 200 µL 2:1 D2O:EtOH-D6 with 50 mM 4-oxo-TEMPO. The sample solution was deoxygenated by bubbling nitrogen gas for 15 minutes before and after dissolving the substrate. The oxygenated sample solution was prepared by bubbling oxygen gas for 15 minutes before and after dissolving the substrate. The samples were flash frozen in liquid nitrogen, polarized and monitored using small flip angle pulses every five minutes for up to 2 hours at low temperature (≤1.2 K) and 5 T. The nuclear relaxation times were measured after 2 hours of hyperpolarization buildup. 
Results and Discussion


Deoxygenated samples show lower 13C hyperpolarization than regular samples and the buildup time for polarization is slower than for oxygenated samples. The13C nuclear relaxation time of the deoxygenated samples are longer than the regular and oxygenated samples. Oxygenated samples show better and faster 13C polarization than the regular sample because of the oxygen present in sample.
Conclusions

A detailed study of 13C Hyperpolarization of the samples containing different level of oxygen at 5 T and ≤1.2K indicates that the presence of oxygen in sample matrix lowers the nuclear relaxation time of the observed nuclei altering the extent of hyperpolarization and the buildup time. Oxygenation of the sample is recommended to get faster and better 13C hyperpolarization without adding toxic electron spin relaxing agents.
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