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Cc-correction: PICO 

EFTEM / EELS Analysis 
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Bonding



Analytical TEM: Electron Intensity Distribution 



Inelastic Scattering, low energy losses: 

phonon and plasmon excitation 

ȹE = 1 é 50 meV ȹE = 1 é 50 eV 



Inelastic Scattering:  Inner Shell Excitation 



Schematical Energy Loss Spectrum 



Inelastic Scattering:  Solid State Model 





HR-ELNES 

HR-EELS of Co L2,3 of CoO 

with crystal-field  

multiplet theory 

(FMF de Groot) 

LaB6 ~ 0.65 eV 

FEG ~ 0.55 eV 

~ 0.20 eV 

Mitterbauer, Kothleitner & Hofer, Ultramicroscopy 





EELS vs. EDX 

    EELS  EDX 

Count rate high   low 

Background high   low 

Quantification tricky  easy 

Mapping  fast   slow 

Spatial res. atoms  columns 

Bonding info yes   no 



Instrumentation 
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The Omega Energy Filter 
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The Gatan Imaging Filter 



Wien Filter Monochromator 



What is the best way to water flowers? 

STEM EFTEM 



HAADF - STEM Imaging  

Example: individual Sb atoms in doped Si 

Voyles, Muller and Kirkland, Microsc. Microanal. 10 (2004) 







Structure Chemistry

Bonding



Electronic Band Structure 



Energy Loss Near Edge Structure (ELNES) 



ELNES-Interpretation  
(one electron approximation) 
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1) Fermi's Golden Rule:  

 

Å local density of unoccupied states (LDOS)  

Å symmetry projected DOS 
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2) Dipole selection rule:  

 

Å excitation into specific orbitals  
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3) Momentum resolved spectroscopy: 
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Chemical Shifts 



TiO2 - Polymorphs                   (F. Hofer, TU Graz) 



Molecular Orbital (MO) Term Scheme 



BaTiO3: 

Ti in octahedral 

coordination 

Ba2TiO4: 

Ti in tetrahedral 

coordination 



Dislocations at SrTiO3 low-angle tilt bicrystals 

grain boundary 

b (Burgers vector) 

Frankôs Formula 

grain boundary 

ÅControllable type and 

density of dislocations. 

 

ÅModel system for in-depth 

study of the relationship 

between structure and 

property. 
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1 nm!



EDX spectrum imaging @200 kV 

a)! b)! c)! d)! e)! f)!

1 nm!

Sr                  Ti                     Sr+Ti                 HAADF (51)              HAADF+Sr+Ti    

ÅEDX: Extra Ti-intensity at the tensional side of the dislocation 

cores 

ÅHAADF: altered coordination at tensional side 



Core Structure PICO@80kV 

a) b) 

e) f) 
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1 nm 

HAADF PICO@80 kV 

a 0.42 nm 

a 0.39 nm 

FCC 

TiO 

Edge-sharing TiO6 octahedra associated with the FCC 

TiO phase at the tensional side of the dislocation cores 

ÅEDX: Extra Ti-intensity confirms the presence of the FCC TiO 

phase at the tensional side of the dislocation cores 

ÅResult of strain energy (lattice constant of FCC TiO: 0.42 nm, 

SrTiO3: 0.39 nm). 

 



Energy loss near edge fine structure 

 ŭ estimated by the free carrier density (Hall effect) 

ïïïïRef.  D. A Muller et al. Nature v430,p657. 
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Valence/Bonding state mapping 

Reduction of Ti-valency state makes dislocation 

core electrically active! 

Ti-L2,3 

O-K 



Analytical TEM: Electron Intensity Distribution 



Energy Filtering TEM vs. STEM 

EFTEM 

STEM 


