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Field-Frequency Lock for High-Resolution NMR at the 36 T SCH
Hung, I.; Litvak, I.; Wang, X.; Brey, W.; Gan, Z. (NHMFL); Schiano, J. (Pennsylvania State U., Electrical Engineering); Lendi, P.; Schwilch, A. and Hensel, R. (Bruker Biospin)
Introduction

Stable magnetic fields are essential for achieving high-resolution NMR and performing multi-dimensional NMR experiments. High magnetic field of powered magnets such as the 36T series-connected hybrid (SCH) must be stabilized for NMR applications. In this report, we present the test and optimization of the field-frequency lock of the 1.5 GHz Bruker NMR console in response to field fluctuations of powered magnets.
Experimental


A 600 MHz wide-bore magnet at the NHMFL was used to test the field-frequency lock unit of the Bruker 1.5 GHz NMR console. Field fluctuations were generated using a digital scope and a gradient amplifier feeding through a solenoid coil mounted outside a Bruker 5 mm HX narrow-bore solution probe. The Bruker Z0 shim coil was used by the lock unit to correct the field fluctuation. The Bruker Electronic Lock Control Board (ELCB) was customized with an amplified current output to compensate larger field fluctuations and drift of powered magnets. All measurements were made on a 7 M LiCl D2O solution doped with 60 mM MnCl2. 
Results and Discussion
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Figure 1 shows the response monitoring the 7Li peak position under 3.5 ppm peak-to-peak triangular ramps injected as a field fluctuation while locking on the 1H signal of the residual protons in the sample. The field fluctuations are compensated when the lock is turned on for fluctuations with frequencies up to 10 Hz. The frequency response of the lock depends strongly on the T1 relaxation time of the lock signal. Therefore, it is essential to dope the sample with a paramagnetic relaxation agent to shorten the T1 relaxation time of the lock 1H signal. For these measurements, the sample was doped with 60 mM MnCl2. The shortening of the 1H T1 relaxation to ~4 ms helps the performance of the lock toward high fluctuation frequencies. However, the lock becomes ineffective when the fluctuation frequency is increased to 60 Hz. The field fluctuations of powered magnets consists of a main component at 60 Hz ac and its high frequency harmonics, plus lower frequency components in the Hz and sub-Hz ranges.[1]  The slow components are most deleterious to NMR experiments. The measurements and optimizations here show that the field-frequency lock can be tuned to correct the slow components. Nevertheless, the main 60 Hz oscillation needs be compensated by other means more effective for high frequencies, such as magnetic flux stabilization. It has been characterized using the NHMFL 25 T Keck magnet that the 60 Hz oscillations have a magnitude of ~3 ppm.[1] The high frequency fluctuations will be much dampened by the large inductance of the superconducting outsert of the SCH magnet and we expect better performance than the field condition for the test reported here.
Conclusion

Field-frequency lock of the Bruker 1.5 GHz console is able to compensate field fluctuations up to 10 Hz using a paramagnetic-doped lock sample and it will be deployed on the 36 T SCH magnet for high-resolution NMR and applications.
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Figure � SEQ Figure \* ARABIC �1� 7LiCl peak position under 3.5 ppm field fluctuations of various frequencies with the field-frequency lock on or off. 









