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Development and Implementation of the State-of-the-Art Solid-State NMR Pulse Techniques 1) at Ultrahigh Magnetic Fields and 2) for Utilizing 14N Overtone Transition
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Introduction

The BRoadband Adiabatic INversion cross-polarization (BRAIN-CP) method that was originally developed for the CP signal enhancements of static samples with ultrawide linewidths,1 was extended to spin-1/2 nuclei undergoing ultrafast magic-angle-spinning (MAS).2 This should find relevance at the ultrahigh magnetic field strengths envisioned with the commissioning of the 36T SCH magnet.  Ongoing work is also under way towards applications to half-integer quadrupolar nuclei undergoing MAS. The performance of this method was monitored on the 23Na (spin=3/2) spectra of powdered crystalline state of sodium tetraborate decahydrate (Fig. 1) as well as numerous 2H (spin=1) samples. This approach will also be an attractive option under dynamic nuclear polarization (DNP), which usually polarizes 1Hs, which then have to transfer their hyperpolarization to lower- nuclei. The resulting BRAIN-CPMAS methods will become a synergistic partner of DNP for studying the surface properties of various catalytic materials in real applications with improved sensitivity. 

Experimental 

An adiabatic WURST inversion pulse3,4 is employed along the X-channel, which requires a low rf pulse power, while employing a conventional rectangular pulse along the proton channel (Fig. 1). The rf pulse powers and mixing time (WURST pulse duration) were optimized individually for obtaining the best signal enhancement. 1H 600 MHz and 500 MHz wide bore (89 mm) solid-state NMR spectrometers were utilized for this work. 
Results and Discussion

[image: image2.emf]Fig. 1 demonstrates 1H-23Na BRAIN-CP spectra of sodium tetraborate decahydrate under MAS (r = 25 kHz) obtained by varying the CP mixing time tp. The rf pulse powers of 23Na and 1H channels employed in each spectrum were merely 5 kHz and 19 kHz, respectively, that avoids an adiabatic level-crossing condition5 and the rotary resonance 1H-1H homonuclear dipolar recoupling condition.6 Among the tp values tested as shown in the figure a mixing time with tp = 8 ms has provided the best CP condition.  
Conclusions

BRAIN-CPMAS can successfully enhance broadband spectra of spin-1/2, spin-1 and half-integer quadrupolar nuclei.
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Fig.1 1H(23Na spectra measured by BRAIN-CPMAS NMR at r = 25 kHz by varying the CP mixing time tp (WURST pulse duration). The best spectrum (red) was observed for tp = 8 ms. 












