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Knowing the 3D atomic structures of materials or biomolecules is crucial for understanding their functions. X-ray diffraction is 

currently the most important technique for determination of 3D atomic structures but requires large crystals which are often difficult to 

obtain. Electrons, similar to X-rays and neutrons, are powerful source for diffraction experiments. Due to the strong interactions 

between electrons and matter, crystals that are considered as powder in X-ray crystallography can be treated as single crystals by 3D 

electron diffraction methods [1]. This enables structure determination of materials and organic molecules from micron- to nanometer-

sized 3D crystals that are too small for conventional X-ray diffraction. Furthermore, by taking the advantages of the unique properties 

of electron scattering, it is possible to determine the charge states of atoms/ions [2] and the absolute structure of chiral crystals [3]. 

Over the past decades, a number of 3D ED methods have been developed for structure determination. At the early stages of 3D ED 

method development, tilting of the crystal was done manually, while diffraction patterns were collected on negative film. It could take 

years before sufficient data were obtained and processed in order to determine the crystal structure. The computerization of TEMs and 

the development of CCD detectors allowed software to be developed that can semi-automatically collect 3D ED data in less than an 

hour [1]. Thanks to the recent advancement in CMOS and hybrid detector technology, it is now feasible to collect diffraction data in 

movie mode while continuously rotating the crystal (continuous rotation election diffraction, cRED, also known as MicroED [4] in 

structural biology). Benefiting from these technological advances, structure determination can now be accomplished within a few 

hours. Recently, fully automated serial rotation electron diffraction data collection and processing has been realized by our group [5]. 

By using 3D ED / MicroED methods, we have solved more than 200 novel crystal structures of small inorganic compounds [6] 

(including zeolite, MOF, COF and minerals) and biomolecules [7,8] (pharmaceuticals, small organic molecules, peptides and proteins) 

in the past 7 years. Recently, we have solved two novel protein [9,10] structures with 3D ED/MicroED and shown that it is feasible to 

use MicroED for structure-based drug discovery [11]. We aim to further improve these methods, develop new methods and more 

importantly spread them to labs around the world. 
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