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ABSTRACT 
Electron energy loss spectroscopy (EELS) is an invaluable technique to study the detailed structure and 
the chemical state of materials at unprecedented spatial resolution. Today, this technique is used 
“routinely” to characterize nanoscale materials used in a myriad of applications from energy storage and 
conversion, to solid-state devices and biomaterials interfaces. This technique also has the potential to 
provide insight into much more fundamental problems where the valence state of atoms and their location 
is of fundamental importance. 
In this presentation, I describe recent developments in electron energy loss spectroscopy to probe the 
changes in bonding and coordination of atoms using quantitative measurements of the energy loss 
spectra [1,2]. I will show that, with atomic resolved EELS, it is possible to determine ordering of cations in 
oxides [3] and changes in bonding at interfaces, consistent with modifications in the coordination of 
interface atoms. I will highlight how atomic resolved experiments with EELS can be used to systematically 
study the local valence in high-T superconductors [4], and to even extract the localized hole concentration 
in superconducting chain-ladder compounds [5]. In the area of Li battery materials, I will highlight a 
detailed study of the structure and evolution of “NMC”-type materials following electrochemical cycling to 
demonstrate the potential of EELS to understand the fundamental behavior of industrially relevant 
materials [6]. The benefits of using a spectrometer fitted with a direct electron detector for EELS will be 
shown.  Finally, some highlights of detailed studies of the plasmonic response of simple and very complex 
metallic nanostructures will be shown [7].  
 
About the Canadian Centre for Electron Microscopy:  
The Canadian Centre for Electron Microscopy, located at McMaster University, is one of the CFI-Major 
Science Initiative National Facilities. The CCEM provides world-class electron microscopy capabilities and 
expertise to Canadian researchers and industry working in a broad range of fields. A brief introduction 
about the CCEM, its user base and infrastructure will be given. 
https://ccem.mcmaster.ca/ 
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