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SCH Field Regulation Using Field-Frequency Lock
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Introduction


Stable magnetic fields are essential for achieving high-resolution NMR and performing multi-dimensional NMR experiments. We report here successful field regulation of the 36 T Series-Connected-Hybrid (SCH) magnet using a customized field-frequency lock. The field regulation enables signal averaging and multi-dimensional experiment for high-resolution NMR using the SCH magnet.

Experimental


The SCH field is regulated using a customized Electronic Lock Control Board (ELCB) as a part of the 1.5 GHz Bruker NMR console for the SCH magnet. The output of the ELCB feeds the Z0-shim coils after current amplification to compensate the large field fluctuations and drift of the SCH. An external 7Li lock sample and circuit are built into all three SCH probes. A 7 M LiCl aqueous solution was used, doped with 750 mM MnCl2 to shorten the 7Li T1 and T2 relaxation times to about 5 ms.

Results and Discussion
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Fig. 1a shows the SCH field variation over a 200 s time period. The field fluctuations consist of a variety of low-frequency oscillations and drift. Fig. 1c shows the lock sweep signal when it is phased and centered near the lock rf frequency prior to locking. Once the lock is turned on, the field sweeping stops and the system locks in the magnetization at the zero-crossing of the dispersive CW NMR spectrum. A change of magnetic field shifts the position of the zero-crossing and the deviation is used to regulate the field by feeding current into the Z0 shim coils.[1] Figs. 1a and 1b show that the magnetic field of the SCH magnet can presently be regulated to within 0.2 ppm. It should be noted that paramagnetic doping is essential to shorten the response time of the lock signal and compensate for the fast fluctuating field. 
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The field regulation enables 2D experiments and signal averaging on the SCH as illustrated by the 17O 3QMAS spectrum of benzoic acid and 27Al MAS spectrum of 9Al2O3·2B2O3 in Fig. 2. The results show no sign of t1-noise in the 2D spectrum nor degradation of resolution from signal averaging, which is usually associated with unstable magnetic fields.
Conclusion


We have successfully achieved field regulation with a field-frequency lock for high-resolution NMR using the SCH.
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Fig. 2. 2D 17O 3QMAS spectrum of benzoic acid (top), and 27Al MAS spectra of 9Al2O3·2B2O3 with 1 and 512 scans (bottom).








