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A Solid-State DNP MAS NMR Study of Photo-Irradiated Benzophenone bis-Urea Macrocycle Nanotubes
Tokarski III, J.T.; Bowers, C.R. (U. of Florida, Chemistry); DeHaven, B.A.; Shimizu, L.S. (U. of South Carolina, Chemistry)
Introduction 

Dynamic Nuclear Polarization (DNP) is a method for improving the sensitivity of solid-state magic angle spinning NMR spectroscopy of microporous materials. Typically, the solid sample is impregnated with a solution containing an exogenous free radical such as TEMPO, TOTAPOL or AMUpol.  However, the use of endogenous radicals to achieve DNP signal enhancement has received less attention. Recently, Eichhorn et al. demonstrated that efficient DNP can be achieved in UV-irradiated pyruvic acid, without the addition of an exogenous radical, an approach that obviates the need for purification of the hyperpolarized pyruvic acid prior to in-vivo use.1  Following this approach, we demonstrate that UV-irradiated benzophenone bis-urea macrocycles can hyperpolarize nuclei and enhance the NMR signal of both the macrocycle host as well as an included guest molecule (DMSO) within the hydrogen-bonded crystalline nanotubular structures formed by stacking of the macrocycles.
Experimental


The 13C DNP MAS-NMR spectra were acquired on the NHMFL’s 600 MHz Bruker DNP system (3.2 mm sapphire rotor) using a ramped CP pulse sequence. This DNP spectrometer utilizes a Cryomagnetics 394 GHz gyrotron. The spectra were acquired at 112 K with an MAS rate of 7.0 kHz using 24 mW of microwave power. Solid-state high field CW absorbance EPR spectra were acquired on the UV-irradiated host.   
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Results and Discussion
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Figure 1 presents the MAS NMR spectra of the UV-irradiated benzophenone bis-urea macrocycle with and without microwave irradiation. The optimized DNP enhancement factor is  = 4.2.  Signal enhancement is observed for all resonances of both the host macrocycle as well as the guest molecule. The field dependence of the DNP enhancement shows peak enhancement superimposed on a broad background that is essentially constant over the full-span of the field sweep (Figure 2).  The broad signal-enhancement field profile suggests an Overhauser type DNP mechanism.2   This is consistent with high field EPR spectra that shows a sharp transition at g = 2.001 and a broad baseline peak at g = 2.004, which is likely a delocalized carbon centered radical.  
Conclusions

We have demonstrated DNP MAS-NMR signal enhancement in UV-irradiated benzophenone bis-urea macrocycles despite the concentration of endogenous biradicals being orders of magnitudes below the typical concentrations of exogenous agents.  The broad enhancement profile differs from the common enhancement motifs (i.e. Solid Effect or Cross Effect).  We hypothesize the Overhauser effect may derive from a delocalized radical species of the benzophenones carbonyl, which forms -stacking contacts in the columnar assembly as well as with neighboring columns.  
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Fig.1 Stack plot of the 13C DNP NMR spectra with microwaves (MW) off in black, and on in red.  





Fig.2 DNP field sweep profile.  The solid line is the curve of best fit to the data.









