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Abstract 

 

This presentation focuses on structure property/relationships in advanced materials, emphasizing 

multifunctional systems that exhibit multiple functionalities. Such systems are then used as building 

blocks for the fabrication of various emerging technologies. In particular, nanostructured materials 

synthesized via the bottom–up approach present an opportunity for future generation low cost 

manufacturing of devices [1]. We focus in particular on recent developments in solar technologies that 

aim to address the energy challenge, including third generation photovoltaics, solar hydrogen 

production, luminescent solar concentrators and other optoelectronic devices. [2-37]. 
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Abstract 

 

The Raman spectrum of living cells and microorganisms contains highly specific fingerprint-like 

signatures, which can be used to unequivocally identify them and to interpret their physiological and 

metabolic responses to environmental stress conditions. Viruses are not exceptions to this approach. In 

situ Raman imaging with dedicated instruments of high sensitivity can translate selected spectroscopic 

fingerprints into vivid snapshots of molecular species or specific biological reactions. Raman imaging is 

compatible with life and allows time-lapse experiments, a crucial condition in characterizing growth-

dependent phenomena and metabolic responses to different drugs or substrates. This presentation will 

illustrate examples of Raman analyses of viruses in their infectious and inactivated states, as well as 

following up their inoculation into cells. Tasks covered here include: (i) identification of different 

species of viruses through vibrational fingerprints of their Raman spectra; (ii) spectroscopic 

characteristics of virion inactivation; and, (iii) time-lapse analyses of cells metabolic reactions upon viral 

inoculation. The shown spectroscopic findings demonstrate the invaluable contribution of Raman 

spectroscopy in virology and, more generally, in biophysics research. 
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Topological defects & self-assembly of filamentous viruses 
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Abstract 

 
Topological defects are ubiquitous in Nature, from condensed matter and geophysics to 

cosmology. In ordered systems, defects mediate phase transitions, and determine many distinctive 

features of materials, from crystal growth to mechanical properties in metals. However, despite 

theoretical predictions, the detailed structure of defects remains largely elusive, especially close to their 

core with the presence of a singularity. By using a model system of colloidal rod-shaped particles, the fd 

filamentous viruses, enabling improved resolution and contrast by optical microscopy, in situ 

visualization and quantitative characterization of elementary linear defects - dislocations - has been 

performed in colloidal smectic liquid crystalline phases. We will also show how topological defects can 

drive the chirality transfer from particle to supramolecular structure level during self-assembly 

processes.  
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In the last few decades, the progress in silicon technology has impacted positively on all fields of 

science, including chemistry, allowing atomistic simulations of large and complex biomolecules, 

nanoscale systems and materials as well as very accurate quantum mechanical calculations of molecular 

structures, properties and reactivity. Particularly, the idea of designing in silico molecules with tailored 

functions strongly attracts the interest of scientists, also with the aim of reducing the costs, the work and 

the risks in the lab. Computational protocols can thus be set up for very different applications, including 

the synthesis and repurposing of drugs, the planning of novel catalysts, the development of new 

materials and nano-systems, the de novo design of enzymes, and so on.  

The topic of this lecture is the multiscale computational description of selenoenzymes. These are 

important proteins mainly involved in the regulation of oxidative stress,1 which is connected to severe 

pathologies like cancer and neurodegenerative diseases, but also to chronic inflammatory states and even 

mental disorders. The thorough comprehension of their mechanism, pursued via a combined classic and 

quantum mechanical approach,2 has provided important hints and elements for an improved design of 

selenium-based mimics3,4 to be used as antioxidant drugs, and has recently led to the synthesis of the 

selenium-based analogue of a popular antidepressant.5 Fully exploiting an intuitive and accurate 

computational approach, known as activation strain analysis, combined with the rigorous molecular 

orbital theory, it emerges that the chemistry of selenium fully justifies the presence of this oligo-element 

in biology, despite the complex machinery for its insertion in proteins. 
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Abstract 

Nanomaterials are increasingly used in a wide range of applications, including optoelectronics, 

sensors, drug delivery and catalysis. Understanding the atomic-scale structure of their surfaces and 

interfaces is essential in order to design nanomaterials with targeted properties. Solid-state NMR can 

provide unique information on the local atomic-level structure for materials. Nevertheless, the 

characterization of surfaces and interfaces remains challenging owing to the lack of sensitivity of NMR 

and the need to distinguish the signals of surface and interface regions from those of the nanoparticle 

core  

We have recently developed novel solid-state NMR methods to characterize the surfaces and 

interfaces of nanomaterials. In particular, we have introduced methods to probe the local environment of 

quadrupolar nuclei in those regions. These nuclei with spin I ≥ 1 represent 75% of isotopes detectable by 

NMR. These methods have notably been applied to investigate the atomic-level structure of surfaces and 

interfaces in dendritic silica colloidal nanoparticles coated with boron nitride and oxide, which are 

promising catalysts for the conversion of propane to propene, an important building block in chemical 

industry, used for the production of polypropylene [1]. In particular, innovative NMR experiments have 

shown the anchoring of boron nitride and oxide phases on the silica surface (see Fig. 1). We have also 

demonstrated the possibility to observe the local environment of surface atoms, which can only be 

detected via insensitive quadrupolar nuclei having low natural abundance, such as 17O, or low 

gyromagnetic ratio, such as 67Zn [2]. These experiments have been employed to identify the phases at 

the surface of Al-doped ZnO nanoparticles employed in various optoelectronic devices.   



 

 

Figure 1 2D Correlation NMR spectrum between 11B and 29Si NMR signals showing the anchoring of BN and B2O3 
phases on the surface of silica nanoparticles. 
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Abstract 

 

Cell membrane is a very complex and highly dynamic structure made by thousands of different lipids 

with a variety of saturation and length of acyl chains. Membrane proteins and sugars are also key 

components of the structure. 

The plasma membranes of eukaryotic organisms contain functional, highly dynamic nano-domains 

called "lipid rafts" enriched in cholesterol, sphingolipids and GPI-anchor proteins, involved in several 

biological processes as protein trafficking, intra-extracellular cell signalling, chemotaxis and cell 

polarity. In order to highlight the structural role exerted by the different membrane lipid component in 

the interaction with proteins and protein containing vesicles, in health and disease, supported lipid 

bilayers (SLB) of variable composition can be employed. We will present here a multiscale investigation 

platform made of atomic force microscopy, neutron scattering and infrared spectroscopy to highlight 

structural details of SLB endowed with raft-like microdomains in interaction with alpha synuclein (αS), 

whose aggregation is a hallmark of Parkinson’s disease, and with natural extracellular vesicles, a potent 

intracellular communication system. Such studies are ultimately critical for developing therapies 

targeting the right membrane components. 
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