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Gated Microwaves for DNP Solid State NMR Experiments
Smith, A.N. (U. of Florida, Biochemistry & Molecular Biology); Dubroca, T.; Hung, I. (NHMFL) and Long, J.R. (U. of Florida, Biochemistry & Molecular Biology) 
Introduction

NMR is an inherently insensitive technique, which results from the small Boltzmann population difference (i.e. polarization) between nuclear spin states at available magnetic fields. Dynamic nuclear polarization (DNP) is a technique aimed at mitigating the insensitivity of NMR. In short, the much larger polarization of an unpaired electron (i.e. polarization agent) is transferred to NMR active nuclei via microwave (MW) irradiation and polarization is distributed throughout the sample by nuclear spin diffusion. A typical DNP ssNMR pulse program is shown in Fig. 1A, where continuous wave (CW) MW irradiation is carried out for the duration of the radio frequency (RF) NMR pulse program. It is postulated that concurrent MW and RF irradiation can lead to unproductive electron-nuclear cross relaxation that leads to less efficient DNP.


The unique quasi-optical MW transmission system that is integrated into the DNP ssNMR spectrometer at the NHMFL allows for manipulation of the MW beam. In particular, a mechanical shutter that can open and close on a millisecond timescale was installed in-line with the MW beam allowing the MW to be gated on and off. The shutter is triggered by the NMR spectrometer where open/close triggers are integrated into the NMR pulse program. Fig. 1B depicts how the MW can be controlled so that they polarize the sample during the relaxation delay between NMR transients and gated off during the RF pulse program. This gating mechanism will allow us to investigate if unproductive electron-nuclear cross relaxation occurs during simultaneous MW and RF irradiation. In addition, it may provide for a more accurate measurement of DNP buildup times. Because distribution of enhanced polarization depends upon nuclear spin diffusion differences in DNP buildup times could give insight into the distance between the polarization agent and a particular chemical moiety.

Results and Discussion
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DNP buildup times were measured for the different chemical moieties of phospholipids in liposomes using the pulse program shown in Fig. 1B, where each moiety is at a different depth of the lipid bilayer. The polarization agent used (TOTAPOL) was in solution and resided outside of the lipid bilayer. It is evident from Fig. 1C that the sp2 hybridized carbons, which are located near the middle of the lipid bilayer, have a longer relative DNP buildup time. In contrast, the carbonyl carbons are located near the periphery of the lipid bilayer and have a shorter relative DNP buildup time.

Conclusions

The shutter component in the quasi-optical MW transmission system allows MW to be gated on and off in concert with the RF pulse programs of NMR experiments. The ability to gate the MW may lead to insights into polarization transfer mechanisms in DNP experiments and relative distance constraints of chemical moieties with respect to the polarization agent.
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Fig. � SEQ Figure \* ARABIC �1�: A) 1H-13C cross polarization pulse program shown with CW MW irradiation and B) shown with MW gated on only during a portion of the relaxation delay. C) DNP enhancement of liposomes (with TOTAPOL polarization agent) versus MW irradiation time using the pulse program in B).












