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Introduction 
[image: ]The use of frequency-swept radiofrequency (rf) pulses for enhancing signals in the magic-angle spinning (MAS) spectra of half-integer quadrupolar nuclides was explored. The broadband adiabatic inversion cross-polarization magic-angle spinning (BRAIN-CPMAS) method, involving an adiabatic inversion pulse on the S-channel and a simultaneous rectangular spin-lock pulse on the I-channel (1H), was applied to I(1/2)S(3/2) systems. The behavior of the adiabatic pulses used in the BRAIN-CP sequence was first examined for half-integer quadrupolar nuclides under MAS, in order to understand their spectral inversion properties. In particular, we have explored the effects of the adiabatic sweep on the central, satellite and multiple-quantum transitions, and on the conditions determining the Hartmann-Hahn match in the presence of second-order quadrupolar interactions. An average Hamiltonian analysis of the BRAIN-CPMAS method was developed, with approximations explaining the zero-quantum (ZQ) and double-quantum (DQ) CP modes affecting the CT spectra. The prospects of using BRAIN-CPMAS are also explored with numerical simulations, and with solid-state NMR experiments on model compounds containing 23Na and 11B. These investigations demonstrate that although physically complex and not always providing the optimal route to maximize sensitivity, the BRAIN-CPMAS method can deliver quality powder NMR lineshapes for spin-3/2 nuclides. Furthermore, when strong I-S dipolar couplings are present and the quadrupolar broadening becomes sizable, BRAIN-CPMAS appears to provide a method of choice to collect sensitivity-enhanced CT NMR patterns from these nuclides. 

Experimental
1H-23Na and 1H-11B ramped CPMAS and BRAIN-CPMAS experiments were carried out on powdered samples of sodium tetraborate decahydrate and sodium citrate dihydrate. All experiments were carried out in an 11.75 T magnet equipped with a Bruker Avance® console operating at 1H, 23Na and 11B frequencies of 500.92, 150 and 164.1 MHz, respectively. The swept rf pulse shapes were constructed utilizing the shaped pulse tool of the Bruker Topspin® software. Optimal 23Na/11B and 1H rf power conditions were then sought experimentally by sweeping both rf channel intensities independently. For comparison, conventional HH-CPMAS and direct excitation MAS NMR experiments were also carried out with independent rf pulse power optimizations.Fig.1 BRAIN-CPMAS, ramped Hartmann-Hahn (HH)-CPMAS, and direct excitation MAS 11B and 23Na spectra measured on sodium tetraborate decahydrate and sodium citrate dehydrate.


Results and Discussion
Zero-quantum (ZQ) and double-quantum (DQ) polarization transfer modes, akin to those we have observed for I(1/2)S(1/2) polarization transfers,1 were evidenced in I(1/2)S(3/2) CP events even in the presence of the quadrupolar interaction. Optimal ZQ- and DQ-modes of BRAIN-CPMAS matching conditions were found to involve low rf pulse strengths for both the I- and S-spin channels. At a low and easily attainable rf field strength along S-channel, the level-crossing events among the energy levels that complicate the CPMAS behavior of quadrupolar nuclei, are mostly avoided. The experimental data obtained on model compounds containing 23Na and 11B nuclides, matched well predictions from numerical simulations and from an average Hamiltonian theory model. BRAIN-CPMAS experiment obtains nearly ideal spectral lineshapes that are obtained for the central transition spectrum of half-integer quadrupolar nuclei. 
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