
Magnesium-ion batteries promise safer, higher-capacity energy storage than 

lithium-ion systems, but development has been hindered by the absence of solid 

electrolytes capable of fast Mg-ion conduction. Antiperovskite materials such as 

Mg₃AsN and Mg₃SbN have been proposed as candidates, yet their ion transport 

properties have not been experimentally verified.

To address this challenge, we performed natural-abundance 25Mg solid-state NMR 

at 35.2 T using the MagLab’s 36 T Series-Connected Hybrid (36T SCH) 

magnet, the highest-field NMR instrument in the world. The ultrahigh field 

dramatically reduces pattern broadening arising from the second-order 

quadrupolar interaction, enabling acquisition of complete, ultra-wideline 25Mg 

spectra in just 20 minutes. At conventional fields (e.g., 11.7 T), the same 

measurements require “piecewise” acquisition over nearly two weeks. This gain 

in efficiency made variable-temperature experiments practical, allowing us to 

quantify Mg-ion hopping rates and activation energies directly. The 36T SCH 

therefore enables 25Mg NMR experiments that would otherwise be impractical, 

reducing weeks of effort to less than an hour!

These studies reveal the largest quadrupolar coupling constants reported for 

magnesium to date (up to 22 MHz) and provide direct evidence of fast, low-barrier 

Mg-ion motion in antiperovskites. By confirming the predicted ion transport 

mechanisms, this work advances the atomic-scale understanding of these 

materials and supports the rational design of new solid electrolytes for next-

generation, beyond-lithium battery technologies.
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Figure: Variable-field ²⁵Mg static QCPMG spectra of Mg₃AsN acquired at (a) 11.7 T, (b) 18.8 

T, and (c) 35.2 T (using the 36T SCH). Acquisition times were approximately 2 weeks, 2 days, 

and 20 min, respectively. *Mg3As2 impurity. ‡Depletion of signal due to overlap of central 

transition (CT) and satellite transition (ST) patterns.

Facilities and instrumentation used:  Solid-State NMR Facility: 36 T/40 mm Series Connected Hybrid Magnet (35.2 T/1.5 GHz) and 18.8 T/63 mm/800 MHz solid-state NMR spectrometer (800#1)
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