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Why Electron Microscopy? Atomic Scale Detail
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Obtain this information for operando phenomena in energy systems? NREL | 3




Operando Electron Microscopy
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Atomic Scale Operando Electron Microscopy
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Atomic-scale operando imaging is simpler with electron beam resistant materials/interfaces
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Limitations with Atomic Scale Operando EM
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Leenheer et al., ACS Nano 9, 4379 (2015)
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Operando Information Unlocks Pathways flaas:
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Operando EM Supported by Cryo EM Q
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Often Need Capabilities of Many Optimized
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Data were collected from three electron microscopes at
SNL and a fourth at INL




Operando Electron Microscopy at NSRCs
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Optimized Operando Electron Microscope
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Concluding Remarks

Future Needs

* Workforce development: Need
time for training to gain the
expertise in operando, analytical,
and cryogenic EM

e State-of-the-art capabilities on
single instruments available within
DOE’s NSRCs

Degradation
Pathways
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