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The challenge : Knowing the ‘real’ structure
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Transmission electron microscope:
Not just a lens, but a nano‐lab

Cs-corrected FEG-STEM/HRTEM at MSC
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(a) Schematic diagram of STEM showing formation of a Z-contrast image (or HAADF 
image) and annular bright-field (ABF) image. ABF image (b) and Z-contrast image (c) 
of magnetite (Fe3O4) showing position of Fe atom columns. ABF image also shows 
positions of oxygen atom columns (b). Structure model of magnetite along [110] zone-
axis is also inserted in both images for comparison. (Color online.) 
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Z‐contrast Image of FeOOH



FeOOH: goethite and proto‐goethite



DFT: Proto‐goethite FeOOH
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P and As associated with proto‐goethite
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Mn‐rich Nodules
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Nanomineral luogufengite from

Basaltic rocks, Menan Buttes, Rexburg, ID
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Transmission electron microscopy
Luogufengite



Luogufengite
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Composition of luogufengite +

(Fe 1.75 Al0.25)O3

KeV Xu et al., 2017a



X‐ray EDS of 
luogufengite, 
maghemite, 
and 
hematite
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Crystal Structure of Luogufengite
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Gold nano‐crystals
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Phase Map for Au Nano‐crystals
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Phase map for TiO2

Barnard and Xu, 2008



Nano‐crystals in Oregon Sunstones



Oregon Sunstones
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Nano‐crystals in Oregon Sunstones

Xu et al., 2017b



Size effect:

Protoenstatite
< 200 nm
quenchable

Clinoenstatite
> 200 nm
un‐quenchable

Xu et al., 2017b



Energy‐filtering TEM







Energy‐filtered images



Growth / assembly: CdSe case study 
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