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We have constructed three solid-state NMR probes for the 1.5 GHz series-connected hybrid (SCH) magnet.  At 35.5 Tesla field [1], this magnet will open new possibilities in NMR spectroscopy, especially for half-integer quadrupolar nuclei and a wide range of “unreceptive” low-γ nuclei due to a dramatic increase in resolution and sensitivity. This set of solid-state probes available to external users includes a 3.2 mm single-resonance MAS probe for low-gamma and quadrupolar nuclei, a 2.0 mm 1H/X/Y CPMAS probe, and a 1H/X static probe for materials and aligned samples. Besides RF circuitry, each probe has an inductive sensor to pick up B0 field fluctuations so they can be canceled by a correction coil. To sense slow fluctuations, an external 7Li RF coil is wound on a sealed capillary containing LiCl solution and located as close as possible to the experimental sample. Finally, thin passive ferro-shims are integrated in each probe shield to cancel spatial variations in B0.  
Results 

The CPMAS probe shown in Fig. 1 is intended for 2 and 3D solid state experiments. It is based on a 2.0 mm MAS air bearing which rotates a sample at the magic angle at up to 38 kHz. It has HXY triple resonance capability with the frequencies of the X and Y channels set by sliding tune cards. The coil insert is based on the Low E design [2] and has an independent 1H resonator orthogonal to the low frequency solenoid. There is also a 7Li external lock based on a LiCl-filled capillary above the spinner module. For experiments which require the highest possible field quality, the Y channel can be tuned to 2H and used as an internal lock. 

The second probe is intended for the detection of low-γ and quadrupolar solid state nuclides. The spinner accommodates 3.2 mm rotors to allow for a larger quantity of sample for higher sensitivity and spins at up to 25 kHz. The probe’s single broadband RF channel can be tuned from 70 to 318 MHz (39K…207Pb). Measurements of solution samples at lower field indicate that the probe will achieve a 17O B1 nutation rate of 25 kHz at an input power of 53 W. An external Li lock channel is provided to allow for field regulation.

The third probe is a static 1H–X probe for materials and aligned samples. It utilizes interchangeable Low-E coils to provide the best sensitivity and B1 homogeneity for samples of different shapes and sizes. Initial coils include a 4 x 4 mm square coil intended for aligned membrane proteins and a 3 mm round coil for bicelle samples. The frequency for the detection channel X can be set by changing the capacitive inserts. A separate and isolated coil tuned to 7Li and with a LiCl-filled capillary sample is located above the main coil.
Conclusion


The SCH magnet operates at a field strength up to 50% greater than the highest available field for high resolution superconducting magnets. The three NMR probes that have been developed for the new SCH magnet will allow scientists to explore new possibilities for applying high resolution NMR methods to answer questions in materials and biological sciences.
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Fig.1 CP-MAS NMR probe with tuning cards for 36 T Series Hybrid Magnet. 












