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Measuring dipolar interactions between a spin label and a 19F nucleus attached at strategically chosen positions in a protein or nucleic acid has recently emerged as an attractive approach to distance determination for structural biology applications.1 This approach complements distance measurements between two spin labels, typically measured by electron-electron double resonance techniques, which have a low limit of around 1.5-2 nm. The electron-nuclear interactions can be accessed by the solid-state electron-nuclear double resonance (ENDOR) technique that allows measuring the NMR spectrum of the nuclei magnetically coupled to the unpaired electron. This technique can employ a variety of spin labels such as nitroxide, trityls, Gd(III), and Cu(II), and the choice of label depends on the problem at hand. The upper accessible range is around 1.5-2 nm. We will focus on high-spin, S=7/2 Gd(III) spin labels, which also allow in-cell measurements. With Gd(III), it is possible to enhance the resolution of ENDOR spectra, thus extending the long-distance limits of this technique by almost a factor of two. This is achieved by exploiting the high electron spin of Gd(III) and performing measurements at high fields and low temperatures, such that the low-lying energy levels become highly populated. To determine the highest possible resolution in the 19F ENDOR spectrum, we determined the  19F spin-spin relaxation rate using time domain ENDOR and found that it is primarily determined by the Gd(III) spin lattice relaxation rate, and it is small compared to other broadening mechanisms.  In addition, we explored the conditions under which orientation selection is possible, such that it can either give additional structural information, or when the structure is known, give information on the orientation of the zero-field splitting (ZFS) tensor within the molecules, a property that has so far been different to determine experimentally in frozen solutions. 
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