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Hyperpolarization of Nano-Structured Materials
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Introduction 
[image: ]Since the discovery of C60 by Kroto, Curl and Smalley in 1985,1 and of carbon nanotubes by Iijima in 1991,2 the field of nanotechnology has expanded into a thriving and widespread field. Single- and multi-walled nanotubes, graphene, carbon onions, nanohorns, nanowires, and peapods have received much recent attention for their unique properties. These nano-scale materials are finding applications as medical devices, in diagnostics and drug delivery, in the semiconductor industry, as components in composites for materials sciences, and as scaffolds for use in tissue engineering.
[bookmark: _GoBack]NMR’s inherent low sensitivity can be alleviated through nuclear hyperpolarization techniques such as dynamic nuclear polarization (DNP). DNP involves transferring polarization from the highly-polarized electron spin to a nearby nuclear spin under investigation. In this proposal we are to use the unpaired electrons present in intrinsic paramagnetic defects in nanostructured materials as polarization agents for nuclei in these materials. In the first aim of the proposed work, we will extend these studies to other nanomaterials. Various nanostructured materials also have similar intrinsic paramagnetic defects and would be good candidates for similar DNP enhancement. We examine potential candidates of nanomaterial possessing boron, nitrogen, silicon and/or fluorine  using NMR and EPR. Our second aim is to determine the relationship between properties of the unpaired electron and the resulting DNP efficiency. By collecting data on multiple samples, we will be able to relate the properties of the radical centers and nuclei to the DNP enhancement factors achieved. The spin density of radicals is related to the distance between unpaired electron spins, which is important to the efficiency of the polarization transfer. This was seen by the strong dependence of DNP efficiency on biradical concentration in which the electron-electron distance was held fixed.3,4Fig.1 Variable temperature EPR spectra measured on a) carbon monofluoride and b) boron nitride nanotubes. 


Experimental
 Variable temperature EPR measurements were carried out in the EMR Facility on carbon monofluoride and boron nitride nanotube materials on the heterodyne spectrometer coupled with a 12.5 T SC magnet, at 240 and 336 GHz. Temperatures of EPR measurements were 10, 100, and 290 K.  

Results and Discussion
	Fig.1 shows EPR spectra measured on a) carbon monofluoride nanotubes at temperatures 100 and 290 K and b) boron nitride nanotubes at 10 K. An existence of defects in these materials is demonstrated by presence of these EPR spectra. Particularly, carbon monofluoride nanotube material exhibits an EPR spectrum even at the ambient temperature (290 K). Our next step is to obtain DNP-enhanced NMR spectra of these materials by utilizing a state of the art DNP instrumentation of the NHMFL that is equipped with a 395 GHz gyrotron source operating at magnetic field of 14.1 T.
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