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Abstract: Electromagnetic (EM) fields absorbed within a material promote non-

equilibrium chemical reactions and structural transformations. However, the under-

lying fundamental mechanisms behind these observations remain largely unknown. 

For the first time, we used high-resolution in-situ synchrotron x-ray total scattering 

tools to observe the dynamics of materials synthesis as it occurs under EM radia-

tion. Beyond offering energy savings by lowering temperature requirements, (EM) 

fields (e.g., microwaves) have the unique ability to transfer energy directly to mole-

cules via polarization effects. This preferential absorption of radiation by materials 

with high dielectric (and/or ohmic) loss can cause rapid and selective heating of 

precursor molecules in solution; leading to the formation of high temperature ce-

ramic phases with minimal thermal input; stabilization of different atomic structural 

arrangements compared to conventional, high temperature synthesis. We merge 

exploratory experiments with computational and data-driven methods to demon-

strate that externally applied fields explore regions of phase space, microstructures, 

and properties not accessible via conventional synthesis via defects-mediated, field

-driven, non-equilibrium effects. The impacts of studying field-matter coupling can 

range widely from discovering energy storage materials to technological develop-

ment in areas like additive manufacturing of ceramics. Finally, delivering energy in a 

directed fashion using EM radiation will facilitate process intensification that can 

meet global needs for de-carbonization of process heating used in the synthesis of 

materials like ceramics. 
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