Defects in particles – a widely unknown territory 
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An important trend in particle science and technology is the requirement to understand and design systems of increasing complexity. Property functions as a comprehensive description of such particle systems must address both, single particles and the structure of their assemblies. The property function defines the target in product design and is understood along the five dimensions of size, shape, surface, composition and structure (i.e. amorphous, crystalline, internal pore size distributions and defects), and their respective distributions. While the characterization of particle size distributions is well established, the description and measurement of two or more distributed properties of a particle ensemble is still a highly challenging task. 
The presentation will focus on defects in particles and particle ensembles, the least understood and investigated dimension of the particle property space. Defects in single particles can occur inside of a particle or at its surface. A major difficulty in studying defects is their in-depth characterization, which often requires sophisticated and expensive techniques including advanced spectroscopic and scattering techniques (e.g. RAMAN, ESR, XRD) and electron microscopy. 
We will discuss the role of defects in size reduction, where particle strength determines fracture. In particular, the grinding limit strongly depends on the ability of nanoparticles to store defects. In contrast, the delamination of a bulk material to form 2D materials must be tuned to minimize defect formation. In particle syntheses and crystallization, particle growth typically occurs at defects at the particle surface. Tailoring the shape of anisotropic plasmonic particles such as gold nanostructures requires careful control of defects in the seeds from which the desired particle shape evolves. In semiconductor quantum dots defects control the electronic structure and thus the band gap. In heterogenous catalysis, reactions occur often at defects of the catalyst surface. Defects in particle ensembles are related the structure of minerals, agglomerates and particulate thin films. The latter are highly relevant for functional devices including printed electronic devices (e.g. thin film transistors or solar cells), electrodes in batteries and fuel cells. Today, tomography by electron beams or X-rays allows resolution down to a few 10 nm up to the macroscopic level.
Based on the given examples, we will discuss white fields in particle science and technology to show unique opportunities for further research of fundamental questions and in pressing fields including energy transformation on the way towards “green” particle technology. 
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