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Abstract  
Determining and utilizing the correlation of materials properties to the 

underlying atomic structure is at the core of materials science and solid 

state physics. While computational tools, such as density functional theory 

and its extensions to excited states, as well as molecular dynamics simulations are important in understanding these 

correlations, they can only be applied to existing materials if the precise positions of atoms in these materials are 

known, and if the materials properties can be linked directly to the relatively small number of atoms that can be 

handled by these techniques. Transmission electron microscopy provides access to both, the electronic and optical 

properties as well as the (3D) atomic structure on the nanometer scale. In this talk I will introduce recently developed 

methods and experimental results for determining the local atomic structure, as well as the dispersion of opto-

electronic and vibrational properties of materials on the nanometer scale. This includes the utilization of dynamical 

(multiple) elastic electron scattering for reconstructing the local atomic structure at deep sub-Angstrom resolution, as 

well as the dispersion of phonon excitations, exciton polaritons or hybrid excitations of excitons and plasmons -  all in 

inhomogeneous materials that cannot be treated as single crystals. In the talk I will also introduce a framework for 

collaborative research data management which facilitates joining and correlating this very diverse materials 

information. 
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