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Carbon dots (CDs) are carbon-based materials that have recently gained great interest both for their 
luminescent properties and rich-surface chemistry which make them very promising for the 
development of metal-free nano-catalytic platforms.1-3 The bottom-up approach is a versatile 
methodology for the preparation of CDs. Indeed, the appropriate selection of starting materials, doping 
agents, and synthetic conditions affords nanoparticles with tailored structural and optical properties.4 
Leveraging on our expertise in the preparation of CDs, we have engineered new chiral nanoparticles. Our 
approach consists in a one-pot microwave-assisted hydrothermal synthesis, using citric acid and either 
(S)-2-(Aminomethyl)-1-Boc-pyrrolidine or its (R)-enantiomer. The so-obtained materials present a broad 
absorption and emission in the visible region of the spectrum and their chirality is confirmed by specular 
circular dichroism spectra. The presence of functional groups on the surface and the light-absorbing 
properties of our CDs have paved the way for their exploitation as recyclable nano-catalysts. In particular, 
in this work we have investigated their use as organocatalysts to drive asymmetric reactions and as 
photocatalysts in Atom Trasfer Radical Additions (ATRA). Building on these results, we employed the 
developed CDs as combined photo-organocatalytic systems to drive a cross-dehydrogenative coupling 
under visible light irradiation. In this scenario, the carbon-based nanoparticles were used to 
photogenerate reactive radical species in solution that can be trapped by the organocatalytic 
intermediates (e.g., enamines) on the surface of CDs. This methodology may lead to the development of 
simple, chiral and reusable nano-sized photo-organocatalysts where the advantages of both the 
nanoscale and the molecular fields are merged and complemented by each other. 

 
Acknowledgements: This work was supported by the European Research Council (ERC AdG-2019 n° 
885323, e-DOTS) and the University of Trieste. 

 
Figure 1. General scheme for synthesis and catalytic applications of chiral CDs.  

 
(1) L. Đorđević et al. Nat. Nanotechnol. 2022, 17, 112–130.  
(2) C. Rosso et al. ACS Catal. 2020, 15, 8090. 
(3) V. Corti et al. Eur. J. Org. Chem. 2022, 202200879, 1–7. 
(4) F. Arcudi et al. Acc. Chem. Res. 2019, 52, 2070–2079. 
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In the last few years, research on solid oxide fuel cells (SOFCs) has increased considerably and SrTiO3-
based perovskites turned out to be promising anodes for SOFCs, provided that a suitable doping is 
performed1,2. In this framework, we investigated with operando NEXAFS the surface reactivity of SrTiO3-
thin films (La0.2Sr0.7TiO3 (LSTO) and La0.2Sr0.25Ca0.45TiO3 (LCSTO)) grown with Molecular Beam Epitaxy. 
The measurements were performed at APE-HE beamline (Elettra Sincrotrone, CNR-IOM) exploiting the 
NEXAFS reaction cell developed ad hoc3. The samples were exposed to a reducing atmosphere (He/H2  50 
%) at 400°C and LCSTO displayed a notably higher amount of Ti(III) than LSTO, thus confirming the 
positive effect of co-doping to lower the activation temperature of the material. Moreover, we synthesize 
by hydrothermal route the same samples previously grown by MBE because we envisaged that the 
chemical synthesis, bearing the presence of point defects and porosity, could provide an enhanced 
surface reactivity of the catalyst with respect to the reference MBE films. In fact, the NEXAFS spectra of 
the powders revealed a higher amount of Ti(III) than the corresponding MBE films, as well as a reduced 
t2g-eg energy gap, hinting that also structural modifications may take place. We think that these 
experiments could provide remarkable insights on the electronic structure of these catalysts at real 
working conditions. 

 

Acknowledgements: NFFA-MIUR and Elettra Sincrotrone are gratefully thanked for the support. This 
work is included in the framework of “Programma Operativo Nazionale (PON), Ricerca e Innovazione 
2014-2020”.  

 

 

(1) A. Yaqub et al. J. Mater. Chem. A 2013, 1, 14189–14197. 
(2) D. Neagu et al. Chem. Mater. 2011, 23, 1607–1617. 
(3) C. Castán-Guerrero et al. Rev. Sci. Instrum. 2018, 89, 054101. 
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In these years, different studies have reported the importance of nanostructuration to tailor the 
morphology at nanoscale and improve the overall performances of a material1,2. Due to the different 
coordination on the surface, well-defined nanocrystals show peculiar facet-dependent properties 
including different selectivity, anisotropic reactivity or stability. In particular, Well-facet cuprous oxide 
(Cu2O) nanocrystals got huge attention due to their unique facet dependent properties3. Being cheap and 
earth abundant, such well-defined Cu2O nanostructures can be used as catalysts for the electrocatalytic 
CO2 reduction reactions thank to the high reactivity toward C-C bonds formation. However, the low 
stability of Cu2O and the poor selectivity limits the industrial applications of this material4.  

In this project, pristine Cu2O nanoparticles (Cu2O NPs) with a tailored shape had been synthetized via a 
wet-chemical route. Two structures were chosen: cubic (CU-Cu2O) and Rhombo-Dodecahedral 
nanoparticles (RD Cu2O). The electrocatalytic behavior of the pristine materials had been studied in a gas-
tight electrochemical cell, evidencing a poor selectivity toward the different CO2RR products and similar 
activity between the two chosen shapes. To unveil the reasons of this similar behavior, in operando 
XANES had been performed during the electrochemical CO2RR experiments, unveiling an instant 
conversion of the material to Cu (0). To solve this problem, different efforts were focused on the 
formation of different composites with Cu2O and the study of their electrocatalytic properties. Indeed, 
formation of heterojunctions is one of the main solutions to contrast the very low stability of cuprous 
oxide and simultaneously, to enhance the selectivity of the catalyst4. In particular, Cuprous oxide had 
been coupled with nanostructured materials such as g-C3N4, Reduced Graphene Oxide (RGO) and MoS2. 
The synthetic procedure allows the formation of heterostructures with a rational choice of the weight 
fraction, an easy control of the final shape of Cu2O and, mainly, a decreasing of the average sizes of the 
nanoparticles.  

The formation of heterostructures is directly correlated to an improved selectivity towards CO2RR 
products, mainly CO (for the composite with RGO) and formates (for the heterostructure with g-C3N4), 
and the use of different electrochemical setups allows to explore more industrial applications for these 
catalysts.  

 
 
(1) S. Bai et al. Adv. Sci. 2017, 4 (1), 1600216.  
(2) S. Sun et al. Nanoscale 2019, 11 (34), 15739–15762. 
(3) K.C. Christoforidis et al. ChemCatChem 2019, 11 (1), 368–382. 
(4) S. Rej et al. J. Mater. Chem. A 2021, 9, 5915-5951. 
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Electrochemical water splitting, promoted by renewable sources, is one of the most promising processes 
to achieve the carbon-neutral economy.1 However, the hydrogen evolution reaction (HER) and the 
oxygen evolution reaction (OER) have a very sluggish kinetic. Both of the reactions require noble metals 
and the sustainability of the process is dependent on the abundance of these precious metals. In this 
context, we propose the development of new electrocatalysts based on nanocarbons and metallic 
nanostructures. The catalysts are being designed by a combination of Nickel nanoparticles (NiNPs) and 
Ruthenium polyoxometalates (Ru4POM) loaded onto carbon nanohorns (CNHs).2 The latter material 
consists on closed cages of sp2-carbon atoms forming a multi-conical structures with fullerene-like tips.3,4 
The CNHs provide the conductivity and surface area, working synergistically with the reaction centers for 
HER and OER: NiNPs and Ru4POM respectively. At this stage of the work, research activities have been 
focused on the functionalization or modification of CNHs. In the first case NiNPs deposition on CNHs has 
been achieved (Ni/ox-CNHs), while in the second case nitrogen-doped CNHs (N-CNHs) were produced 
for future experiments on Ru4POM anchoring.  

The Ni/ox-CNHs were produced by a in situ NiNPs deposition through a solvothermal process. The 
products were characterized by Raman spectroscopy, TEM, XPS, TGA, FT-IR and ICP-MS confirming the 
fine deposition of Ni onto CNHs surfaces. N-CNHs were produced by nitrogen-doping synthetic 
solvothermal protocols, involving nitrogen containing precursors, in order to insert positively charged 
anchors point for interaction with the negatively charged Ru4(POM).5 The nitrogen doping was 
demonstrated by Raman spectroscopy, FT-IR and XPS. The usefulness of N-doping for the interaction 
with Ru4(POM) was provided by zeta potential (ZP). Indeed the ZP measures under pH 4 displayed a 
positive charged material. Encouraged by such positive results, novel typologies of nitrogen 
functionalization are being tested in order to optimize the positive charge on CNHs surfaces.  
 

 
Figure 1. Schematic representation of CNHs functionalization strategies for HER and OER applications. 

 
(1) M. Yu et al. Int. J. Hydrog. Energy 2021, 46, 21261-21273; (2) F. Toma et al. Nat. Chem. 2010, 2, 826-831; (3) N. Karousis et al. 
Chem. Rev. 2016, 116, 4850-4883; (4) V. Georgakilas et al. Chem. Rev. 2015, 115, 4744−4822, (5) A. Sartorel et al. J. Am. Chem. 
Soc. 2008, 130, 5006−5007.  
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Cardiac stresses in dysfunctional myocardium can induce progressive cardiac remodeling leading to 
heart failure (HF) which basically consists in the loss of cardiomyocytes and fibrosis [1,2]. At the base of 
fibrosis an activation process involving fibroblast cells takes place. These cells undergo a phenotypic 
transition into muscle-like cell type called myofibroblasts becoming responsible for the progressive 
stiffening of the myocardium [1]. A positive feedback loop for myofibroblasts sustainment is then 
established, for which a fully interpretation about the leading pathophysiological fibrotic mechanisms is 
still missing. However, the discovery of the mechanosensitive Piezo1 channel in 2010 [3] opened a new 
pursuable way of investigation highlighting a possible interaction of this mechanically activated calcium 
channel in the mechanotransduction events occurring in the fibrotic process [4]. 

In this study, the response of primary rat cardiac fibroblasts to mechanical stimulations was investigated. 
Forces from piconewton to 350 nN were applied by exploiting Optical Tweezers and Atomic Force 
Microscopy, while monitoring intracellular calcium by calcium imaging. After 24 hours, a significant 
response was observed at a pressure of 3.8 kPa with a percentage of 11.43 % responding cells, which 
increased up to 60 % with 8.9 kPa pressure. Since it was demonstrated that fibroblasts begin to undergo 
phenotypical changes after one day culturing [5,6], the same experiment was performed after 48 hours 
of plating. In this case a lower percentage of cells responded to a similar mechanical stimulation, 
although the trend in the response with increasing pressure was maintained.  
The stiffness of primary cardiac fibroblasts at 24 h and 48 h did not change significantly and as result the 
cell mechanics is not directly involved in the different mechanotransduction behavior.  
To evaluate the involvement of Piezo1 in the response of primary cardiac fibroblasts to the applied 
pressure, cells were cultured with Yoda-1, specific activator of Piezo1, for 24h and then mechanically 
stimulated with same pressures. Preliminary experiments showed an increased percentage of responsive 
cells in the pressure range of 3-9 kPa. 
The expression and location of Piezo1 channel at 24 h, 48 h culturing and after Yoda-1 co-culturing is 
investigated by qPCR and immunofluorescence imaging. 

These results suggest a principal role of Piezo 1 channel in the response of primary cardiac fibroblast to 
mechanical variations of the microenvironment. 
 
 

 

(1) A. Piek et al. Heart Fail. Rev. 2016, 21, 199–211; (2) M. T. Mora et al. Front. Physiol. 2018, 9, 1194; (3) B. Coste et al. Science, 
2010, 330, 6000, 55-60; (4) N. Braidotti et al. Int. J. Mol. Sci. 2022, 23, 8065; (5) S. S. Gupta et al. Oncotarget 2016, 7, 48; (6) J. 
Wang et al. Am. J. Physiol. Heart Circ. Physiol. 2003, 285, H1871-H1881. 
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I present the synthesis of trimers of Pyrene-1-Boronic Acid (PBA) on top of the Au (111) surface, and their 
characterization by means of XPS, UPS, NEXAFS and RESPES spectroscopy and STM microscopy. 
The creation of organic-based electronic devices is an important and extensively studied application for 
organic molecules, with a particular interest in their interaction with metal and inorganic 
semiconductors.Specifically, molecules based on extended aromatic structures are interesting in a range 
of optoelectronic applications because of the capability of their π core to absorb Near-UV and visible 
light.  

In my research, I studied trimers of pyrene-1-boronic acid, a pyrene that presents a B(OH)2 substituent. 
These trimers result from a self-condensation reaction where three boronic acid group react to form a 
six-member ring structure constituted of alternating B and O atoms. This trimeric derivative was chosen 
because presents higher stability on on the Au(111) and other metal surfaces compared to the monomer.  
Furthermore, previous studies have demonstrated that the central B3O3 ring, known as boroxine ring, 
presents ultra-fast delocalization channels towards the Au(111) surface [1], resulting in possible 
applications of this molecules in the creation of electron transporting films.  
The molecule was treated thermically in a quartz crucible, up until 290 °C, to allow the condensation 
reaction directly in the crucible, and the so-created trimers were evaporated on top of the Au(111) surface 
in UHV conditions. The resulting material was then analyzed using XPS, UPS and NEXAFS, and RESPES 
spectroscopy, pump-probe spectroscopy and STM microscopy. 
The XPS demonstrated that B, O and Carbon where present on the surface, and showed a B:O ratio of 
around 1:1, compatible with the formation of boroxine rings. The B1s NEXAFS analysis revealed three 
main π components, that is in agreement with the DFT calculation for boron involved in boroxine rings.  
The STM imaging showed that the trimers are organized into a ordered, platelet-like structure, on top of 
the Au(111) structure. 
The RESPES measurements allowed for a chemical assignment of the electronic states of the valence 
band. Interestingly, the analysis of the resonant Auger signal reveals the presence of super-Participator 
decay process, which is related to an electronic coupling with the substrate, in terms of dynamic charge 
transfer from it.  
 
 
 

(1) D. Toffoli et al. Chem. Sci. 2017, 8, 3789-3798. 
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Single atom catalysts come in various systems 
with one main limitation, namely, the lack of 
stability.1 In this context, graphene as a stable 
support, doped with heteroatoms, is one of the 
most promising materials ensuring the 
persistence of the single atom. Among possible 
metal dopants, Co plays a prominent role, as DFT 
calculations predict a significant effect of Co 
incorporation on both graphene's catalytic and 
magnetic properties.2 Yet, no scalable method 
was reported to incorporate metals into the 
graphene mesh. Based on our previous research 
on understanding the Co-Ni-C system3, this study 
presents a bottom-up approach used to grow 
homogeneous and flat Co-doped graphene 
layers on Ni surfaces that are stable up to 
graphene dissolution temperatures. Their 
structure and reactivity were investigated by 
scanning tunneling microscopy (STM), scanning 
transmission electron microscopy (STEM), electron energy loss spectroscopy (EELS) and theoretical 
calculations. The existence of Co dopants beside Ni is proved by EELS spectra on incorporated atoms in 
collaboration with the University of Vienna. Moreover, selective adsorption was observed by in-situ gas 
exposure in the STM to O2, CO and CO2. The Co single atoms are interacting with the gases at room 
temperature in such a way that a more complex and dissociative process for CO2 and O2 is indicated. 
Therefore, this system has an outstanding potential to enable the investigation of the properties of single 
Co atoms and a fundamental insight into the dissociation process of simple gas molecules at room 
temperature.  

Acknowledgements: This work has been supported by the Italian Ministry of Education, Universities and 
Research (MIUR) through the program PRIN 2017 - Project no. 2017NYPHN8. 

(1) Y. Zhao et al. Adv. Mater. 2021, 33, 2102801. 
(2) A. Baby et al. Carbon 2021, 174, 772-788. 
(3) V. Chesnyak et al. Nanoscale, 2022, 14, 3589-3598.  

Figure 1. STEM images and EELS measurements of Co and Ni 
single atoms embedded in graphene in a double vacancy (DV). 
The inset in the EEL spectrum shows the image of the clusters for 
the reference signals of the L2,3 edges of Co and Ni. 
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The interest in the nanoparticle-based drug delivery systems (NDDSs) has grown in the past decade. This 
work aims to develop a protocol for the characterization of Solid Lipid Nanoparticles (SLNPs) with 
physical based techniques. This is done in collaboration with A.P.E. Research, which designs and develops 
imaging and characterization instrumentations.  

Part of this work focuses on the study of SLNPs and the dye indocyanine green (ICG) through Raman 
spectroscopy. We used the Scanning MicroRaman system provided by A.P.E. Research. To increase the 
resolution of the device I worked with the A.P.E. Research technicians. We modified the laser system to 
obtain a smaller spot. Reducing the size of the spot makes it possible to record spectra for smaller areas. 
Hyperspectral images of histological section of mice tissue were successfully obtained.  
From the results of the Scanning MicroRaman analysis we decided to use A.P.E.Research TriA-SNOM 
(scanning near-field optical microscopy) due to the strong fluorescence shown by the nanoparticles 
bound to the ICG dye. We’ve developed a system with three fibre-coupled lasers. To investigate the  
influence of fluorescence we interfaced the optical fiber of the SNOM with a spectrometer. Another 
upgrade on the SNOM allows us to see the possible fluorescence of the sample through the instrument’s 
inverted microscope thanks to the insertion of a filter system. A special device has been built to switch 
between PMT and the inverted microscope camera. Thanks to this upgrade we were able to significantly 
reduce the time taken for the analysis.  

After the update of the A.P.E.Research TriA-SNOM, we investigated the resolution of the new system on 
biological samples. With the final setup, we successfully obtain images with a resolution of about 100nm. 
This prototype, after optimization and appropriate development, will help to understand whether and in 
which tissue the NPs are taken up by the organism and thus make an important contribution to studies 
in the field of "drug delivery".  
 

A.   B.   

Optical image          Hyperspectral Maps                    Optical image             Hyperspectral Maps  

 
Figure 1.  Mice thin section without (A) and with (B) dye  (dye 190014-1 ). Scanning Hyperspectral Maps. Laser: 785 

nm. Dimension: 200 x200 µm. 
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Small and monodisperse gold nanoparticles (AuNPs) protected by self-assembled monolayer (SAM) of 
tailored fluorinated thiolates were synthetized as contrast agent for 19F MRI. The thiol was designed in 
order to be structured as a three-blocks linear organic compound. The blocks are: a short polyethylene 
glycol chain for dispersibility in water and biocompatibility, a long linear perfluoro(polyethylene glycol) 
chain with a high number of (quasi)equivalent fluorine atoms for a single and intense 19F signal and a 
short mercaptoalkyl chain to link the compound to the gold core for increased system stability. AuNPs 
were synthetized in a single homogenous phase solution and characterized by means of TEM, NMR, UV-
Vis spectroscopy, DLS and TGA. Their potential as contrast agent was assessed by measuring T1 and T2 
relaxation times and by conducting 19F phantom experiments, which are promising. To investigate the 
possible applications of AuNPs as drug carriers, ESR spectroscopy was employed to study the affinity of 
a hydrophobic probe, simulating a hydrophobic drug, for the AuNPs’ monolayer. The binding constant 
that was determined by ESR is the highest measured compared to other SAM protected Au NPs. These 
properties make these fluorinated Au NPs particular promising nanomaterials both for drug delivery and 
imaging. Biological tests are in progress to evaluate the biocompatibility of these fluorinated NPs. 
 
 

 
Figure 1. Graphical representation of a radical probe hosted in the AuNPs monolayer, in equilibrium with the free probe. 

 

Acknowledgements: Università degli Studi di Trieste and Project PRIN 2017, New-Generation 
Nanostructured Fluorinated Materials for 19F MRI and their Biophysicochemical Interactions (NiFTy). 
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Tuning the interfacial properties of a multiferroic heterostructure via fully optical means, specifically by 
exploiting the photovoltaic/photostrictive effect of its ferroelectric component, is a reversible and 
fatigueless method for modifying the magnetic response of magnetostrictive ferromagnets1-3. In this 
study, we present the effects of 405 nm visible-light illumination on both the ferroelectric and 
ferromagnetic responses of (001) PMN-PT/Ni heterostructure. 

 

Figure 1. (a) Photocurrent measurement, (b) magnetic hysteresis loop and (c) XMCD spectra at Ni L2,3 edges of PMN-PT/Ni 
heterostructure with and without 405 nm light illumination. 

By combining electrical, structural, magnetic and spectroscopic measurements, we show that light 
illumination above the ferroelectric bandgap energy induces a photovoltaic current (see fig. 1a), while 
the triggered photostrictive effect in PMN-PT induces a reduction of the coercive field of the interfacial 
magnetostrictive Ni layer (see fig. 1b). We firstly report a light-induced variation in the Ni orbital magnetic 
moment, direct signature of the photostrictive effects on Ni, obtained via sum-rule analysis of x-ray 
magnetic circular dichroic (XMCD) measurements (see fig. 1c). The observed effects are maximized when 
PMN-PT presents both in-plane and out-of-plane ferroelectric domains, and are strongly reduced once 
polarized out-of-plane, proving the central role played by in-plane ferroelectric domains4.  

These results shed light on the delicate energy balance that leads to sizeable light-induced effects in 
multiferroic heterostructures, confirming the need of spectroscopy for identifying the physical origin of 
interfacial phenomena. 
 

Acknowledgements: Nanoscience Foundry and Fine Analysis (NFFA-MUR Italy Progetti Internazionali) 
project. 

 
(1) V. Iurchuk et al. Phys. Rev. Lett 2016, 117, 107403; (2) X. Zhange et al. Appl. Phys. Lett. 2020, 116, 132405; (3) M. Zheng et al. 
Phys. Rev. Appl. 2018, 9, 44039; (4) D. Dagur et al. Adv. Mater. Interfaces 2022, 9, 2201337.  
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Fibrosis is a general term for diseases that lead to an increased deposition of fibers, independent by 
potentially different underlying pathomechanism. Fibrosis is might turn into a life threatening condition 
as it can change the mechanical properties of the organs involved, i.e., stiffness and compliance. In this 
work we aim to characterize lung fibrosis. The lung architecture is comprised by a complex combination 
of several different fiber types, such as collagen, elastin, and fibrin. Unfortunately, little is known about 
the underlying pathomechanisms in lung fibrosis and if there are different subtypes, which in turn hinders 
the development of therapies. Thus, the first step would be to identify different subtypes of lung fibrosis 
by analyzing in detail fiber types, fiber concentration and orientation. Therefore, the aim of this project 
is to exploit different techniques to gain as many information as possible and contribute to shed some 
light on this disease when it occurs in the lungs. A combination of different imaging techniques was 
impossible so far as they require different sample preparation. Another aspect that hinders the analysis 
is the fact that lung fibrosis does typically not occur homogenously (figure 1) in the organ, so getting the 
same relevant regions analyzed by each technique was challenging.  

In this work we decided to combine the following techniques: i) Synchrotron radiation computed micro-
tomography (SR micro-CT) – to study the 3D anatomical structure and to guide the other techniques to 
fibrotic regions, ii) Fourier Transform Infrared Spectroscopy (FTIR) to analyze the chemical compositions 
of the fibrotic regions, iii) Small angle X-rays Scattering (SAXS) to quantify difference in the fiber 
orientation, iv) Atomic Force Microscopy (AFM) to get an estimate on alterations of the mechanical 
properties of the tissue, v) Soft X-ray Fluorescence (XRF) as a second technique to get a chemical 
fingerprint of the fibrotic regions and vi) Particle-Inducted X-Ray Emission (PIXE)  

In order to establish this multimodal approach, we used two well characterized mouse models for lung 
fibrosis a) bleomycin induced fibrosis and b) genetically induced lung fibrosis. To validate the results 
classical histology was performed as well.  

So far, we have performed a porosity analysis of the 3D reconstructions acquired with the SR micro-CT 
to characterize the tissue morphology. We extract 6 cubes per region, for a total of 3 regions per sample. 
We evaluate the amount of tissue vs. the quantity of air and we find out that there is a correlation 
between the tissue volume and the level of fibrosis, i.e., high values of tissue volume correspond to 
fibrotic regions whereas low values of tissue volume correspond to healthy region. Then a chemical 
analysis by means of the FTIR to gain information about the collagen content in the lung and 
subsequently the biomechanical properties of the same portion of tissue were measured with the AFM. 
For the other techniques the data analysis is still in progress. What we would like to establish using SAXS 
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is if there are different patterns in the fiber orientation whereas with XRF and PIXE we get an element 
map of the tissue. 

 

 

Figure 1. Example of the inhomogeneity of fibrosis. 
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Living cells within a tissue are constantly exposed to mechanical stimuli arising from the surrounding 
extracellular matrix or from neighboring cells. The molecular processes through which such mechanical 
cues are converted into a biological response are called mechanotransduction events. This process is 
activated and regulated by several cellular elements: the cell membrane (1), the cytoskeleton (2), 
proteins of focal adhesion sites and mechanically gated ion channels (3). Among them, mechanosensitive 
channels Piezo 1 and 2 have been identified as relevant functional elements of the mechanostraduction 
machinery (4). Piezo1 has been found to be expressed in different kind of cells (e.g. red blood cells, lungs, 
bladder, pancreas, and uterine endometrium), while Piezo 2 is mostly expressed in dorsal root ganglia 
neurons (5), lung, gastrointestinal tract, and skin. This latter channel is particularly important in the 
somatosensory system. In vivo Piezo channels are located at the periphery of the DRG neurons, while 
DRG in culture lose this polarization and Piezo channels are observed evenly distributed on the cell 
surface.  

In order to investigate how a specific mechanical stimulus can affect the activity of Piezo channels and 
whether such stimulus can induce a specific membrane relocation of the channels we intend to use 
different approaches to apply well-defined mechanical stimulus to cells in terms of intensity and 
direction. In this work we used a breast cancer cell line (MDA-MB-231) expressing Piezo channels, as 
cellular model to test the effect of different mechanical stimulus on the activity of these channels.  
Specifically, these cells were cultured on substrates with different stiffness or on stretchable membranes 
to deliver to the cells both a static or an active mechanical cue. In both cases, after 24h culturing, the 
activity of the calcium permeable mechanosensitive channels was monitored by calcium imaging. 

This study will pave the way to the development of a support able to integrate different mechanical 
stimuli, for investigating whether and how a well-defined mechanical stimulus act on Piezo 2 channel 
activity and its distribution in DRG. 
 
 
 
(1) A.-L. Le Roux et al. Phil. Trans. R. Soc. B 2019, 374, 20180221. 
(2) J. Morley et al. E-Life 2016, 5 e20813. 
(3) J. M. Kefauver et al. Nature 2020, 587, 567-576. 
(4) S. E. Murthy et al. Nat. Rev. Mol. Cell Biol. 2017, 18, 771. 
(5) S. S. Ranade et al. Nature 2014, 516, 121. 
  

mailto:GIORGIA.DEMONTIS@studenti.units.it


CROSSNANO WORKSHOP 2023 
Crossborder workshop in nanoscience and nanotechnology 

 

14 

 

 

Development of high-strength nanostructured multilayers for 
applications in nuclear fusion reactors 

Ayesha Farooq,1,2,3  Matus Stredansky,3  Simone Dal Zilio,3 and Cinzia Cepek3 

*farooq@iom.cnr.it 

1 Department of Physics, University of Trieste, Italy 
2 COMSATS University Islamabad, Pakistan 
3 Istituto Officina dei Materiali – CNR, Laboratorio TASC Area Science Park - Basovizza, Strada Statale 14, Km.163.5 
I-34149 Trieste, Italy 
 

 

Hybrid materials have the potential to replace 
traditional materials. They show improved 
mechanical and physical properties, there are 
many applications in which hybrid materials are 
used such as coating, nanocomposite, medical [1], 
optical, energy storage [2], fusion energy[3], and 
gas sensing[4]. 

The first wall experiences, high heat loads, 
thermal shocks, the bombardment of neutrons, 
and tritium retention. This Ph.D. project aims at 
the synthesis and study of carbon nanotubes and 
tungsten hybrid nanomaterials of controlled and 
reproducible size and morphology for applications 
in fusion reactors[5]. We have grown different 
carbon nanostructures (CNs) on Silicon/SiO2 and 
Si/Al2O3 wafers via chemical vapor deposition 
(CVD) using Fe and Ni as catalysts. The obtained CNs are coated with tungsten films via DC magnetron 
sputtering. We have spanned a variety of CVD and magnetron sputtering parameters, like pressure, 
precursor gasses and catalyst, substrate temperature, etc.  All films have been analyzed by using different 
techniques, including X-ray photoemission spectroscopy (XPS), Raman, XRD, AFM, and scanning 
electron microscopy (SEM), allowing us to understand how the different process parameters influence 
the final properties of the synthesized films, e.g., their morphology, stoichiometry, and electronic 
properties.  

CNTs are used as a template to deposit W. By changing the deposition parameters for W the crystallinity, 
morphology, and stoichiometry of the sample changes.   

 

Acknowledgments: ENI for funding the project. 

 
(1) Nigar Anzar et al. Sensors International 1, 2020, 100003. 
(2) Chang Bin Sun  et al. Tungsten 2, 2020, 109-122. 
(3) T.Hino et al. Fusion Engineering and Design 49-50, 2000, 97-105. 
(4) T.Kerdcharoen et al. Semiconductors Gas Sensors, 2013, 386-407. 
(5) Lai-Zhong Cai et al. Tungsten 1. 2020, 132-140.  
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Model systems of eukaryotic cellular membranes as supported lipid bilayers (SLBs) are employed here to 
elucidate the lateral mixing of lipids at the cellular interface as well as their interactions with different 
molecular players1. Our model system consists of 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC),1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC), Sphingomyelin (Brain, Porcine, SM) at stoichiometric 
ratio of (35:20:12), at different cholesterol concentrations, namely χ=0.05,0.25 and 0.33, for mimicking 
an idealized eukaryotic cellular membrane bearing a certain degree of complexity. These lipids in fact 
phase-separate forming ordered phases, transient membrane subdomains called lipid rafts, embedded 
in gel-like phases.  The role of cholesterol in the modulation of lipid rafts order, which is known to be 
involved in the regulation of cellular activity2, has been investigated through atomic force microscopy 
(AFM) topographic measurements in physiological environment. We observed that raft domain height 
decreases as cholesterol concentration increases, while the lateral dimension of lipid rafts increases in 
size. Then, we studied the interaction between SLBs and AuNPs functionalized upon formation of self-
assembled monolayers of TOEG6 (Toeg6@AuNPs) and mixed monolayer of TOEG6 and short ssDNA 
oligos (22 bases, Toeg6-ssDNA@AuNPs5)3 respectively, to understand the role of membrane rafts in 
modulating the interaction. Our measurements show that Toeg6-ssDNA@AuNPs can internalize in the 
rafts more than Toeg6@AuNPs. To get more insights on the interaction, we produced liposomes at an 
equivalent relative lipid concentration of SLBs. Through UV-Vis spectroscopy measurements then we 
monitored the UV-VIS absorption changes related to the variation of surface plasmon resonance (SPR) 
of AuNPs in interaction with the liposomes. According with literature,4 SPR of citrate@AuNPs adsorbed 
on liposomes is sensitive to the liposome’s mechanical properties. The aggregation of citrate@AuNPs is 
promoted by fluid-phase membranes and this effect results in an absorption change from 590 to 620nm. 
Our results show that the aggregation is promoted as the cholesterol concentration increases, indicating 
that liposomes composed of χ=0.33 are the softest ones. We then investigated the interactions between 
liposomes and functionalized gold nanoparticles. We found a broadening of the SPR band for both 
Toeg6@AuNPs and Toeg6-ssDNA@AuNPs, and therefore high particle aggregation level, when they are 
incubated with χ=0.33 cholesterol liposomes. No shift/broadening is present in the case of χ =0.05 chol.  
liposomes. Our findings indicate that Toeg6-ssDNA@AuNPs may represents a great potential player in 
the modulation of membrane activity, and an interesting platforms for further biophysical applications. 
 
 
 
(1) H.I. Ingólfsson et.al. J. Am. Chem. Soc. 2014, 136, 14554–14559. 
(2) K. Simons et al. Nature Reviews Molecular Cell Biology 2000, 1, 31–39.  
(3) J. Deka et al. ACS Appl. Mater. Interfaces 2015, 7, 7033–7040. 
(4) Caselli et al. Nanoscale Horiz. 2021, 6, 543–550. 
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Platinum is the most efficient electrocatalyst for hydrogen evolution reaction (HER) requiring only a 
minimal overpotential in acidic media. Understanding the surface chemistry of Pt could facilitate the 
development of new highly efficient electrocatalysts. Calculations based on density functional theory 
(DFT) have proven valuable for thermodynamic and kinetic analysis of various catalytic reactions. For the 
study of electrocatalytic reactions, excess charges and electrode potential must also be considered. The 
simplest method that can be applied to HER within DFT framework is computational hydrogen 
electrode1, which was also used for this study. 

We analyzed the reactivity of Pt(111) and Pt(100) surfaces for HER. Thermodynamic stability of various 
adsorbed H and OH structures at different pH and electrode potentials was calculated on the two 
surfaces. Pt(100) is more reactive and exhibits higher coverage of adsorbates than Pt(111). The latter can 
exist free of investigated adsorbates in a wide range of pH values and electrode potentials. Analysis of 
surface reaction free energies at pH=0 reveals the adsorption of proton as the most exothermic step, 
while the formation of hydrogen molecule is endothermic on both surfaces. 

Calculations of transition states for the Tafel step (H(ads) + H(ads) → H2) were conducted in vacuum on Pt(111) 
and Pt(100) surfaces for different coverages of H(ads). Activation and reaction energies decrease with 
increasing coverage on both surfaces, but for the same coverage, Pt(111) gives lower energy barriers than 
Pt(100). All three elementary steps of HER (Volmer, Tafel, and Heyrovsky) were studied with ice-like layer 
of water molecules on Pt(111). Volmer step (H+ + e− → H(ads)) has the lowest activation energies and 
Heyrovsky (H+ + e− + H(ads) → H2) the highest. This indicates that HER on Pt goes through Volmer–Tafel 
mechanism with the Tafel step being rate determining. 

 
 
Acknowledgements: The authors would like to acknowledge the collaboration with the Laboratory for 
Electrocatalysis from the National Institute of Chemistry, Slovenia. This work has been supported by the 
Slovenian Research Agency (Grant no. PR-11454). 

 
(1) J. K. Nørskov et al. J. Phys. Chem. B. 2004, 108, 17886-17892. 
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Two-dimensional electron systems confined near the surface of narrowband semiconductors have 
piqued interest due to their ease of integration with superconductors, allowing for new hybrid device 
systems. These hybrid systems lay the foundations of a radically new solid-state platform for scalable 
quantum computing based on Andreev quantum bits (qubits). These Semiconductor-superconductor 
hybrid systems resulting in Andreev qubits are among the most promising candidates, as high-quality 
superconducting thin films with transparent interfaces to a low-D semiconductor will improve coherence 
time as well as offers strong qubit-qubit coupling [1]. InAs 2D electron gases (2DEGs) are the ideal 
semiconductor systems due to their vanishing Schottky barrier; however, their exploitation is limited by 
the non-availability of commercial lattice-matched substrates [2,3].  

In this work we have demonstrated that in-situ growth of aluminium films on near-surface InAs 2DEGs 
can be grown by Molecular Beam Epitaxy on GaAs substrates with quality comparable to state-of-the art 
growth on InP despite 7% InAs/GaAs lattice mismatch [4]. Resistivity as a function of temperature was 
comparable to the best Al layers on GaAs and superconducting proximity effect was observed in a 
Josephson junction (Figure 1). The growth protocol developed could thus set a new standard for the 
fabrication of Andreev qubits on GaAs technology. 

 

Acknowledgements: AndQC FETOPEN H2020 project. 

 
(1) J. S.Lee et al. Nano Lett. 2019, 19, 30833090; (2) D. Ercolani et al. Phys. Rev. B 2008, 77, 235307;  (3) F. Capotondi et al. 
Journal of Crystal Growth 2005, 278, 538543; (4)  K. S. Wickramasinghe et al. Appl. Phys. Lett. 2018, 113, 262104. 
  

Figure 1. Shows the Fraunhofer pattern in the differential resistance of Josephson junction. 
(Superconducting proximity effect) 
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Supported size-selected clusters 
have emerged in the past decades 
for their unique features, which are 
often very different from their bulk 
analogues.1 In this talk, I will discuss 
how we studied the oxidation of size-
selected Agn clusters (n = 7 and 11) 
supported on graphene by means of 
experimental and theoretical X-ray 
photoelectron spectroscopy (XPS). 
XPS is a powerful technique to fin-
gerprint the oxidation state of an 
atom thanks to the correlation 
between this value and energy of the 
core level lines.2 However, our results 
indicate that in the case of size 
selected Agn clusters, this correlation 
breaks down. While in the case of 
oxidized surfaces and thin films the Ag 
3d core level binding energies progress linearly as Ag(0) > Ag(I) > Ag(III),3 in the clusters the binding 
energy for Ag(III) is larger than for Ag(I).  We investigated this anomaly by means of DFT calculations to 
find out that it is related to a unique behavior of the center of the Ag 4d-band for increasing O coverages. 
This parameter, which is a well-known indicator of chemical reactivity,4 is almost unaffected by oxidation 
at larger scales, while it drastically changes in the clusters. This effect propagates to the core level binding 
energies, causing the anomaly that we observed. Our result highlights the unique properties of size-
selected clusters with respect to their counterparts at larger scales and links the measured core level 
shifts to an enhanced reactivity of the oxidized Agn clusters.  

 

(1) E.C. Tyo et al. Nat. Nanotech. 2015, 10, 577; (2) K. Siegbahn et al. Science 1972, 176, 245; (3) H. Grönbeck et al. Phys. Rev. B 2012, 85, 
115445; (4) B. Hammer et al. Adv. Catal. 2000, 45, 71.  

Figure 1. a) Experimental XPS spectra and b) DFT calculated geometries of 
pristine and oxidized Agn clusters (n = 7 and 11) supported on graphene 
epitaxially grown on Ru(0001). c) Trend of the average Ag 3d5/2 core level shift 
of the atoms in the clusters as a function of the number of oxygen bonds. 
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Among the various approaches for CO2 mitigation, the electrocatalytic CO2 reduction represents an appealing 
strategy incorporating to the circular economy concept. CO2 conversion can lead to a variety of possible 
compounds, such as carbon monoxide, methane, formic acid, methanol, ethylene.(1) Formic acid (FA) is an 
attractive product, considering its application as hydrogen storage vector and its use for direct formic acid fuel cells. 
In recent years, bismuth-based materials have been identified as excellent electrocatalysts for the formation of FA 
as the main product of CO2 hydrogenation.(2,3) 

We investigated the properties of hybrid catalysts based on bismuth oxide (Bi2O3) supported on carbon 
nanostructures (CNSs) to produce FA by electrocatalytic CO2 conversion.(4) The merging of an inorganic 
component with a carbon nanostructure has been proven to enhance the electrical conductivity and to improve the 
dispersion and structural stability of the inorganic material.(5) Specifically, we focused on the use of single-walled 
carbon nanohorns (SWCNHs), which offer some advantages such as a higher surface area as compared to graphene 
(G) or carbon nanotubes (CNTs). Moreover, they are synthesized by procedures not involving use of metal catalysts, 
so that no metal impurities remain attached. The employment of CNHs in the preparation of Bi2O3 nanoparticles 
leads to the formation of organic-inorganic interfaces, which are fundamental in tuning the catalytic properties of 
nanomaterials. We extensively tested Bi2O3-CNHs hybrids for CO2 electro-reduction in aqueous electrolyte, yielding 
formic acid with high selectivity and low overpotentials.  

To move beyond the formation of formic acid and to range in different value-added compounds, we aimed to 
perform CO2 reduction simultaneously coupled with esterification of FA with ethanol, through an acid catalyzed 
reaction. This new approach allows to obtain ethyl formate (EF), a chemical with applications ranging from solvent 
use to pharmaceutical intermediates, insecticide, flavors and others. However, the two steps involved in the 
formation of the target carbon product (1. CO2 reduction reaction towards formic acid and 2. esterification process) 
usually require different conditions for achieving sufficient performances. For this reason, we identified that in-
depth study of catalytic conditions and design of bi-functional catalysts are the key steps for a successful production 
of EF. We evaluated the role of the electrolyte, and we developed different catalysts for the two stages involved. In 
particular, we introduced acidic sites on SWCNHs by sulfonation process, obtaining a heterogeneous acid catalyst 
for the esterification step.  This work represents the first effort in order to directly produce EF by converting CO2. 

 

Acknowledgements: This work was supported by the University of Trieste, INSTM and the European Commision 
(DECADE). 
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(2) N. Han et al. Nat. Commun. 2018, 9(1), 1320. 
(3) Z. Chen et al. Angew. Chem. Int. Ed. 2018, 57 (39), 12790. 
(4) M. Melchionna et al. ACS Appl. Energy Mater. 2022, 5, 11, 13356. 
(5) M. Melchionna et al. Energy Environ. Sci. 2021, 14, 5816. 
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During last decades metal nanoparticles gained enormous scientific and technological interest, as drug 
delivery systems or biosensors1. Gold nanoparticles (AuNPs) are the most used for their stability, low 
toxicity, chemical inertness, and biocompatibility2. They are routinely synthetized by reduction of a 
precursor with chemical reagents, which produce toxic wastes in organic solvents3. This research focused 
mainly on green chemistry approach, with the aim of minimizing chemical wastes and production costs.  
AuNPs biosynthesis can be achieved with plant tissues4, microorganisms5, or other biological sources. 
Unfortunately, current studies lack of standardized synthesis procedures. Likewise, the nature of the 
reducing agent that drives the nanoparticles formation is still unclear. The present work aims at 
comparing AuNPs synthesis procedures obtained using different natural extracts with the purpose of 
finding the most efficient and environmental-friendly one. A careful spectroscopic and morphological 
analysis has been applied to infer the nature of the redox reaction driving the AuNPs formation and to 
identify the best protocol that could be adopted to generate small, clean, spherical and monodisperse 
AuNPs. Spherical AuNPs were successfully synthetized from cocoa extract with a size distribution of 10-
11 nm. Spectroscopic analyses revealed the presence of fatty acids, protein residuals and flavonoids, 
especially catechin, in cocoa extracts and AuNPs. Furthermore, selected AuNPs obtained from cocoa 
extracts were deeply characterized and then functionalized with single-stranded DNA (ssDNA) 
fragments, which in turn can be potentially used in drug delivery and biosensing.  

 

Acknowledgements: This work was supported by 2014-2020 Research and Innovation PON founds and 
by H2020 iToBoS Grant Agreement n. 965221 (J99C21000380006). The authors gratefully acknowledge 
Structural Biology Laboratory at Elettra Sincrotrone Trieste for the technical support, “Carlo and Dirce 
Callerio” Interdepartmental Center of Advanced Microscopy, Giovanna Baldini and Roberta Bortul for 
kindly assisting during TEM analysis.  
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(4) S. P. Chandran et al. Biotechnol. Prog. 22, 577 (2006). 
(5) S. K. Srivastava et al. J. Nanopart. Res. 14, 831 (2012).  
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The implementation of 1D and 2D nanomaterials in sensing technology has greatly improved sensitivity, 
linear range and stability of biosensors, especially for electrochemical sensing, thanks to their 
outstanding electronic properties.1,2 The aim of this project is to further explore the applicability of 
materials like Carbon Nanotubes, Graphene and Molybdenum Disulfide for electrochemical sensing, by 
bringing forward the current state of art about their synthesis and functionalization.3–5 

Here we show you some of the first results obtained with our first material, Multiwalled Carbon 
Nanotubes (MWCNT) functionalized with Metal Vapor Synthesized (MVS) Au Nanoparticles, for 
electrochemical sensing of bioreceptors, like L-Dopamine and epinephrine.  

 
 

Figure 1. Design of the material and TEM image of CNT-Au hybrid material. 
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The need to understand and control the dynamics of electronic properties at the solid/liquid or solid/gas 
interface during physical and chemical reactions is fundamental for the optimization of catalytic 
materials. Thus, there is a growing demand for in situ and real working conditions (in operando) analysis. 
Spectroscopic techniques based on synchrotron radiation like X-ray absorption (XAS) can provide 
important information about reactions that involve the transfer of one or more electrons. Moreover, the 
energy of photons and electrons emitted during these reactions can give us information about the 
interactions with the surroundings and the chemical state of the elements of interest.  
The last approach developed at BACH beamline in collaboration with the IOM-CNR to adapt XAS to            
in operando conditions is based on the use of an electrochemical cell equipped with microfluidic channels, 
provided with X-ray transparent Si3N4 window (Fig.1) (1).  
Copper nanoparticles (Cu NPs) are of interest as catalysts for a broad range of applications like industrial 
processes, electronics, sensors or biomedical applications (2). Copper oxide catalysts have shown 
enhanced activity for different reactions, and it is well established that their selectivity is dependent on 
the oxidation state and the structural morphology (3).  
By using in situ soft XAS, we tracked the oxidation and reduction of electrochemically deposited CuNPs 
while different potentials were applied. In parallel, scanning electron microscopy (SEM) characterization 
was performed to correlate the copper oxidation state with the morphology of the nanoparticles.  
 

 

 
 
 
 
 
 
 
 
 
 

Figure 1. Schematic drawings of the microfluidic electrochemical cell developed at BACH beamline (left). In operando Cu L-
edge XAS measurements of CuNPs at different applied potentials. 

 

Acknowledgements: Federica Bondino and Igor Píš. 
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Small extracellular vesicles (sEVs) represent nowadays the most promising communication route 
between distant cells for delivering biological information throughout the body. They are indeed released 
by almost all types of cells, displaying a nanometer size (30-300 nm), and a molecular composition 
enriched with endosome-derived components. By traveling in bodily fluids (e.g. blood, saliva), they can 
cross biological barriers escaping the immune response, strongly impacting the fate of recipient cells. 
However, a deep knowledge of the mechanisms regulating the selective release and uptake by cells in 
our body is still missing, and crucial to repurpose EVs for therapeutic usage. Nevertheless, the surface 
pattern of both the EVs and the recipient cell and the ability of lipids to fuse plays an important part. To 
that end, using artificial model membranes for studying such biological processes, represents an 
innovative strategy for understanding, with a high temporal and spatial resolution, the molecular aspects 
involved in EVs’ uptake and internalization pathways.  

With the present work, we here propose a time and resolution-resolved approach based on Atomic Force 
Microscopy study on a supported lipid bilayer to mimic the interplay between EVs and cell membranes. 
The interaction study, performed with small EVs isolated from a breast cancer cell line, highlighted their 
ability to fuse with the supported lipid bilayer when the latter is textured with liquid-ordered and liquid-
disordered domains enriched with cholesterol. Moreover, once the fusion process starts, the degree of 
order of the model membrane decreases, with the fluidification of the liquid-ordered phase as a 
consequence. Furthermore, while analysing the interplay between EV and model membranes in the 
absence of cholesterol, a preferential EV interaction with the solid-ordered phase is observed, regardless 
of the chemical composition of such domains. These results suggest two main important features in the 
EV interaction process: the first one is that EV uptake is not primarily modulated by the cholesterol 
percentage but it is governed by the fluidity of the proposed model; the second one is that the process is 
based on a physical interaction among the two systems, which in turn is maximized for the model without 
cholesterol, even though it requires a non-zero cholesterol concentration for the process to spread. 
Based on that, given the high demand and the wide use of EVs in biological sciences and 
nanotechnologies, we expect that our results will be useful for the selection of the crucial molecular 

aspects involved in EVs’ selective uptake and internalization pathways by recipient cell membranes.  

 
(1) L. A. Mulcahy et al. Journal of Extracellular Vesicles 2014, 3, 24641. 
(2) K. C. French et al. Seminars in Cell & Developmental Biology 2017, 67, 48-55. 
(3) R. X. Gu et al. Journal of the American Chemical Society 2020, 142, 15966–15974. 
(4) F. Perissinotto et al. Nanoscale 2021, 13, 5224-5233. 
(5) H. M. Seeger et al. The Journal of Physical Chemistry B 2010, 27, 8926–8933. 
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Ceria/copper interfaces are of particular interest thanks to their unique capacity to activate small 
molecules, making them good candidates as catalysts in a broad variety of processes1. Among those, the 
activation of methane is particularly appealing due to its high abundance and availability, making it both 
an attractive energy source and a widely employed building block for the production of a great variety of 
fine chemicals2. Unfortunately, methane functionalization is often hard to achieve as it requires cleavage 
of the highly energetic C-H bond (440 kJ/mol). 

Recently, the research group led by Prof. Trovarelli at the University of Udine prepared a ceria-copper 
oxide mixed catalyst capable of activating the C-H bond of methane at relatively low temperature. They 
employed ball-milling, a cheap and simple synthetic procedure which involves mixing and sintering of 
powders thanks to the mechanical energy provided by hard spheres. 

Operando NEXAFS measurements performed on catalysts activated at 300°C show evidence of a charge 
transfer occurring between the Ce3+/Cu2+ redox couple, which is not present in similar samples prepared 
through impregnation. Moreover, in contrast to the behavior of impregnated samples and to pure CuO 
and CeO2, methane activation on the ball milled samples occurs at the relatively low temperature of 
250°C, as evidenced by the presence of methoxy C-H stretching bands in the IR spectra collected upon 
methane exposure. 

We employed computational tools to elucidate such experimental results, with the main goal of finding 
a plausible correlation between the electronic structure of the catalyst and its catalytic properties. Ab-
initio DFT calculations support the experimental evidence of a charge transfer occurring between Ce3+ 
and Cu2+ upon interfacing, and methane activation through C-H bond cleavage at the interface is 
considerably facilitated compared to the two isolated parent oxides, in agreement with experimental 
results. Moreover, we found that oxygen vacancies are easily created on the mixed catalyst in comparison 
to the two  isolated oxides. We also determined that a number of special adsorption sites is generated 
upon interfacing the two lattices, on which methane adsorption is particularly favorable thanks to a 
variety of contributing factors. 

 
 
(1) M. Konsolakis et al. Appl. Cat. B 2016, 198, 49-66. 
(2) R. Sharma et al. Catalysts 2020, 10, 194. 
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Extracellular matrix (ECM) owns complex mechanical milieu characterized by non-linear, plastic, and 
viscoelastic behaviour. Cells are able to perceive this biophysical milieu and convert the resulting external 
mechanical forces into intracellular biochemical signals through a process called 
mechanotransduction1,2. Stiffness and viscoelasticity (in terms of stress relaxation or loss tangent) are 
the mechanical feature that play a key role in the mechanosensing process of the cell3,4. Recently, a novel 
property has been shown to steer cell behaviour, namely the energy associated with the linear stress-
strain response of materials under oscillatory shear5,6. This elastic energy represents the energy required 
to enter into the non-linear (plastic) region.  

In this project, our interest focused on the development of viscoelastic agarose-based hydrogels with 
tunable mechanical characteristics, especially elastic energy, to use as ECM-like substrates to investigate 
cell mechanobiology. At first, different systems with varying chemical compositions and polymer 
concentrations were studied mechanically by rheometry and biologically by cell adhesion test. Results 
defined the hydrogels as fast relaxing materials with a shear modulus that increase with polymer 
concentration and an elastic energy inversely proportional to the percentage of polymer content. The 
number of adherent cells decreased with increasing elastic energy. Taken together, these data allowed 
us to identify a threshold value for energy above which cell adhesion is impaired. Below this threshold, 
cell growth is promoted at low energy regime where it is easier to break and remodel the substrate. 
Another investigation focused on agarose hydrogels prepared at different temperatures to compare the 
surface mechanical properties of the substrate with the bulk ones. Bulk characteristics were studied by 
uniaxial compression and rheological tests, while the surface was analysed by AFM, SEM, confocal 
profilometry and contact angle test. Overall, it appears that curing temperature has a structural and 
mechanical impact on the surface properties of the matrix, while the effect on the bulk mechanical 
properties is related to the elastic energy 
alone. 

Altogether, our work brought new 
knowledge about viscoelastic substrates 
to use as ECM-mimic models for 
mechanobiology studies. Furthermore, 
this finding confirms the importance of 
substrate elastic energy in the cell’s 
decision-making process. 

 
(1) B. D. Hoffman et al. Nature 2011, 475, 7356. 
(2) O. Chaudhuri et al. Nature 2020, 584, 7822. 
(3) S. Kumar et al. Biophys. J. 2006, 90, 10. 
(4) O. Chaudhuri et al. Nat. Mater. 2016, 15, 3. 
(5) P. Sacco et al. Adv. Funct. Mater. 2020, 30, 31. 
(6) P. Sacco et al. Adv. Funct. Mater. 2022, 32, 29. 
  

Figure 1. Schematic cartoon of the dependence of cell activity to elastic 
energy. 
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Ni cross-coupling reactions are interesting and versatile processes by which new chemical bonds 
between convenient substrates can be formed[1,2]. It is known that upon absorption of light, a convenient 
photocatalyst can initiate the reaction, for which Transition-Metal Photocatalysts (TMCs) were typically 
used in recent times[3,4]. Despite their good performances, the environmental requirements are not met. 
Lately carbon nitrides have attracted considerable attention for being totally metal-free easily-
synthesizable materials, which possess a low band-gap of about 2.7 eV[5–7]. A particularly promising post-
synthetic version, a microwave-treated carbon nitride (mw-CN), was prepared by us, showing a higher 
surface area and a higher number of superficial pores which can serve as potential binding sites. In 
presence of Ni(II) complexes, the material would coordinate them and facilitate the photoelectron-
transfer. 
In order to unravel the mechanism of such a difficult process, we employed Density Functional Theory 
with which we obtained the formation energies of hypothesized Ni(II) complexes coordinated to mw–
CN, deducing their stability and finally we computed the electron-transfer at the excited states. 

 
 

Figure 1: a) Microwave-treated carbon nitride coordinating Ni(II) complexes and scheme of the arylamination reaction; b) 
electron holes (h+, light-blue) and charges (e–, yellow) of three selected computed transitions. 

(1) N. Kambe et al. J. Am. Chem. Soc. 2003, 125, 5646–5647; (2) D. J. Cárdenas et al. Angew. Chem. 2007, 119, 8946 –8951; (3) D. 
W. MacMillan et al. J. Am. Chem. Soc. 2020, 142, 15830–15841; (4) G. Myiake et al. J. Am. Chem. Soc. 2019, 141, 19479 – 19486; 
(5) M. Antonietti et al. Nat. Mater. 2009, 76; (6) M. Antonietti et al. Angew. Chem. Int. Ed 2012, 51, 68; (7) M. Antonietti et al. J. 
Am. Chem. Soc. 2009, 131, 1680.  
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Imidacloprid (IMD) is a synthetic pesticide used in agriculture that has harmful effects on the 
environment and human health. Since this compound has an electroactive nitro functional group, it can 
be detected by electrochemical (EC) techniques, which are a more practical and cost-effective solution 
than the conventional detection in laboratories using high-performance liquid chromatography coupled 
with tandem mass spectrometry (HPLC/MS-MS). Since the reduction of IMD occurs at fairly negative 
potentials, typically less than -1,0 V vs. Ag/AgCl, the generation of hydrogen at the working electrode 
(WE) can obscure the analytical signal, leading to some limitations in potentially suitable electrode 
materials. Carbon-based materials, such as graphite, glassy carbon, and various carbon nanostructures, 
have been most commonly studied for the detection of IMD1-3. Our goal is to develop graphite-based 
thick films on an alumina substrate that can be used as WEs and would exhibit the EC response to IMD. 

The paste, prepared by dispersing 15 vol% graphite powder in a terpineol-based vehicle, was screen 
printed in an 8 mm x 8 mm square shape on an alumina substrate. After annealing the graphite layer (GE) 

at 850°C in an argon atmosphere, it was about 30 m thick, had a homogeneous surface and a sheet 

resistance of 7 /sq, but poor adhesion to the substrate. To improve the adhesion, the graphite-glass 
composite (GGE) layers were prepared with different graphite:glass weight ratios. The results confirm 
that the glass improves the adhesion of the graphite to the substrate, but the resistance increased with 
the increasing amount of glass. The GGE with a weight ratio of 75:25 adheres well to the alumina and has 

a sheet resistance of 28 /sq. Conductivity was then improved by printing an additional graphite layer 
over the GGE (GG-GE), resulting in a sheet resistance equivalent to graphite layer while maintaining 
adequate adhesion. These square structures were used as WE for a preliminary evaluation of the EC 
behaviour of these materials in a three-electrode configuration together with an Ag/AgCl reference 
electrode (RE) and a Pt sheet counter electrode (CE). Cyclic voltammetry was performed using 0,1 M 
phosphate buffer solution (PBS) with a pH of 7.0 as the supporting electrolyte and a 1mM solution of IMD 
dissolved in PBS as the analyte. The potential window of both WEs in PBS was at least between -1,2 V 
and 1,0 V. The reduction peak at -1,12 V and -1,05 V obtained in IMD solution on GGE and GG-GE, 
respectively, confirmed that these materials are suitable for IMD detection. Both materials were then 
used for preparation of WE in a miniature three-electrode configuration with all three electrodes 
integrated on an alumina substrate. WE was printed in the shape of a circle with a diameter of 4 mm and 
processed under the same conditions as before, while CE and RE were processed by screen printing and 
firing commercial Pt and Ag pastes, respectively. Preliminary EC characterization shows that these 
miniature systems are also suitable for the detection of IMD. 

(1) A. Kumaravel et al. Sensors and Actuators B: Chemical. 2011, 158, 1, 319–326. 
(2).S. Srinivasan et al. Bull. Environ. Contam. Toxicol. 2022, 104, 4, 449–454. 
(3) J. Ganesamurthi et al. Ecotoxicology and Environmental Safety. 2022, 189, 110035.  
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Comprehending the processes involved in the CO oxidation has gained a lot of momentum in 
heterogenous catalysis not only from the environmental perspective with CO, but also for the potential 
suitability for other oxidation reactions, especially when this activity is observed at low temperatures1,2. 
In this direction, different systems of transition metals (TM) supported on oxides1 and perovskites3,4 had 
been explored, particularly noble TM ( e.g. Au, Ag, Pt, Pd, Rh)1,5. In some cases, the catalytic activity of 
these materials can be modified or enhanced with the addition of a dopant that modifies the electronic 
interactions between the active sites and the support material3,5. Perovskites in particular, due to their 
unique structural properties and the redox behavior of its metal constituents have been widely studied 
as a photocatalyst with UV and visible light3. In this study, the CO oxidation mechanism on lanthanum-
iron doped strontium titanate (LFSTO), was studied under and without the effects of a UV laser (λ= 405 
nm) at 150°C. To follow the changes in the electronic structure and oxidation state of the TM (Ti, Fe), an 
operando ambient pressure NEXAFS spectroscopy was performed while the products of the reaction 
were monitored with a micro gas chromatograph (μGC). The preliminary results demonstrate that 
LFSTO promote the oxidation of CO. While the laser illumination do not appear to have an important 
impact on the reaction, the role of the Fe dopant has been evidenced by operando soft-XAS 
spectroscopy. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Fe L3-edge in He at 150°C (left panel), and it’s evolution during CO oxidation with no light excitation (upper right 
panel) and with light excitation (lower right panel). 

 

(1) N. K. J. Soliman Mater. Res. Technol. 2019, 8, 2395–2407; (2) R. M. Al Soubaihi et al. Catalysts 2018, 8, 660; (3) P. Yadav et al. 
Chemistry Select 2021, 6, 12947–12959; (4) H. Wang et al. J. Mol. Liq. 2021, 334, 116029; (5) L. Zhang et al. J. Catal. 2020, 391, 
229–240.  



CROSSNANO WORKSHOP 2023 
Crossborder workshop in nanoscience and nanotechnology 

 

29 

 

 

When carbon nanotubes meet self-organizing peptides 
P. Rozhin,1 S. Adorinni,1 S. Kralj,2 Brigitte Soula,3 E. Flauhaut,3 and S. Marchesan1* 

*smarchesan@units.it 

1 University of Trieste, Chem. Pharm. Sc. Dept., Trieste, Italy 
2Jožef Stefan Institute, Materials Synthesis Dept., Ljubljana, Slovenia 
3Centre Interuniversitaire de Recherche et d'Ingénierie des Matériaux, Université P. Sabatier, 31062 Toulouse, France 
 

Carbon nanotubes (CNTs) have raised scientists’ interest for various uses, also in composite materials. In 
particular, the interaction between CNTs and proteins or peptides is of particular relevance to understand 
their fate in the environment and how biomolecules interact with CNTs, or even process CNTs.1 
Minimalistic self-assembling peptides can be attractive mimics of enzymes and offer insights into how 
biomolecules organized into functional structures during early stages of evolution.2,3 Furthermore, self-
assembling peptides and nanocarbons can mutually interact and affect each other in interesting ways.4,5 

In our laboratories, we previously analyzed how different nanocarbons interact with self-assembling 
peptides in aqueous environments, and found that nanocarbons’ morphology affects the ability of 
peptides to coat the nanocarbons, and their propensity towards aggregation. In particular, multi-walled 
CNTs displayed ideal physico-chemical properties and an anisotropic morphology that led to their 
complete surface coating by the peptides, and to the formation of composite gels with self-healing 
ability.6 In our current investigations, we analyzed the case of single-walled and double-walled CNTs by 
using a plethora of techniques spanning from spectroscopic to microscopic analyses. We believe the 
emerging datasets could be useful to better understand how different types of CNTs interact with natural 
environments and affect biomolecules’ structure and function.   
 

 
Figure 1. A self-assembling peptide exposes the hydrophobic surface to a CNT and the hydrophilic one to water. 
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Carbon nanodots (CNDs) are quasi-spherical nanoparticles with a size below 10 nm and unique electronic 
features that can be readily synthesized from a wide range of carbon precursors. Moreover, their 
structure and properties can be finely tailored for specific applications, such as drug delivery, 
photocatalysis, and bioimaging.1 Bottom-up synthetic biology is a field that has attracted increasing 
interest and which main focus has been the development of protocells, synthetic micro-encapsulated 
systems capable of mimicking some functions of living cells.2 With the ultimate goal of bridging the gap 
between bottom-up synthetic biology and organic functional materials, the aim of this project is to 
develop novel protocell models by exploiting some appealing features of CNDs, such as low cost of the 
starting materials, biocompatibility, and intrinsic luminescence. 

We developed a method to assemble the first CNDs-based colloidosomes, being protocell models made 
of colloidal particles as building blocks (Figure 1).2 

To achieve this, the CNDs were made amphiphilic by 
grafting poly(N-isopropylacrylamide) (PNIPAAm) 
chains, synthesized via RAFT polymerisation. This 
process yielded CNDs/PNIPAAm nanoconjugates, 
which were subsequently used to assemble 
colloidosomes via the Pickering emulsion technique.2 
This was done by crosslinking the CNDs/PNIPAAm 
nanoconjugates into a continuous membrane at the 
oil/water droplet interface and transferring the 
colloidosomes in water. The synthesis of 
CNDs/PNIPAAm nanoconjugates was successful, as confirmed by NMR analysis and UV-Vis and 
fluorescence spectroscopy. These as-obtained colloidosomes formed highly stable Pickering emulsions, 
which were readily obtained and characterized by optical and fluorescence microscopy. 
As a future outlook, we aim to develop the first rudimentary cell-like behaviours in these CNDs-based 
protocells and to integrate them into biomimetic systems. 
 
 
Acknowledgements: The author acknowledges the University of Trieste and the European Research 
Council (ERC AdG-2019 n°885323, e-DOTS).  
 
 
(1) L. Ðorđević et al. Nat. Nanotechnol. 2022, 17, 112 – 130. 
(2) J. H. Park et al. Eur. J. Org. Chem. 2022, e202200968. 
  

 

Figure 1. Outline of the synthesis of novel protocell 
membranes. 
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Green energy and sustainability have been the topic of interest for the past decade, considering the global warming 
and depleting energy reserves of coal and natural gas. Our study focuses on photocatalytic reduction of CO2 and 
enhancing the stability of such systems, using nanostructures of II-VI semiconductors (CdSe, CdS), halide 
perovskites (MAPbBr3, CsPbBr3) synthesized using hot Injection method, ligand assisted reprecipitation (LARP) and 
successive ionic layer adsorption and reaction (SILAR), and characterized using x-ray diffraction, uv-vis 
spectroscopy, scanning electron microscopy and transmission electron microscopy to study the structural and 
optical properties. The size and optical response of nanostructures was tuned by varying the synthesis time. 
Ongoing activities involve growth and decoration of nanostructures onto titanium dioxide nano-powders and 
nanotubes to study the photocatalytic response, stability and charge carrier dynamics. Fossil fuels contribute to 
80% of global energy demand [1] and generate carbon dioxide (CO2) causing global climate degradation. Solar 
energy is a critical, free, everlasting and clean source, emerging as the most suitable and sustainable candidate for 
energy conversion and storage technologies [2], photocatalytic reduction utilizes this source and has the potential 
to subtract excess of CO2 from atmosphere and produce carbon neutral fuels for tackling the current environmental 
issues. 
 

 
(a) 

 
(b) 

Figure 1. TEM images of (a) MAPbBr3 prepared by LARP and (b) 
CsPbBr3 by hot injection synthesis. 
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Ammonia synthesis process, mostly commonly carried out as the Haber-Bosch process, is one of the 
largest energy consumers. Globally, 1-2 % of total energy supply is needed for ammonia production due 
to large pressures and temperatures needed. Iron-based catalysts were the first generation of catalysts 
used for the Haber-Bosch process and are still used on the industrial scale. Other transition metals are 
researched to obtain better reaction yields and selectivities and to perform the reaction under milder 
conditions. Recently, computational methods are gaining popularity for intelligent catalyst design. We 
studied ruthenium, which is known to be an efficient alternative for iron using density functional theory 
(DFT) and microkinetic modelling. [1, 2, 3] 
First, we modelled a Ru slab to construct energy profiles and determine adsorption energies, most 
favorable adsorption sites and a detailed reaction mechanism. We used GPAW, where the wave function 
was described with plane waves (PW) with a cut-off energy of 450 eV and k-points sampling of 2 × 2 × 1. 
We applied a dispersion correction (DFT-D3) and dipole correction. Furthermore, NEB calculations with 
the climbing image approach were used to determine transition states. Based on this data, the reaction 
was modelled on different Ru nanoparticles.  

 
Figure 1. NEB calculations over different adsorption sites for ammonia synthesis using Ru (0001) catalyst. 
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Hepatocellular carcinoma (HCC) is the most common type of liver cancer and accounts for 90% of all 
cases worldwide, making it a global health challenge1. Despite the diagnostic efforts made over decades, 
about 50% of all cases are diagnosed incidentally and when the tumor is already at the late stage 
dramatically limiting treatment options2. Thus, there is the need to discover new tumor-associated 
antigens (TAAs) for the early diagnosis and the development of targeted therapies. In this context, 
glypican-3 (GPC-3) protein is not detected in healthy adult liver tissues but is overexpressed in 70-80% of 
patients suggesting its involvement in HCC. Moreover, nanomedicine has potential applications 
especially through the development of nanoparticles (NPs) that combine diagnostic and therapeutic 
abilities into a single platform (theranostics)3. As a result, the proposed approach was a nanosystem 
composed of an anti-GPC-3 antibody, a polymeric poly(lactic-co-glycolic acid) (PLGA) nanocarrier, and 
gold nanoparticles (GNPs). To begin with, GPC-3 protein expression was assessed in cancer cell lines, 
confirming the utility of GPC-3 as a suitable TAA for HCC. Hence, to obtain a specific anti-GPC-3 
antibody, the production of IgG monoclonal antibodies was implemented leading to the selection of D8 
antibody. PLGA nanocarrier was synthesised and characterized demonstrating excellent physiochemical 
properties, including a diameter around 250 nm, spherical nanocapsular morphology, thermal, pH and 
over time stability, absent cytotoxicity, and great ability to be internalized into HCC cells. GNPs of 14-15 
nm were chemically produced and therefore encapsulated inside the PLGA-NPs core (hybrid NPs). The 
encapsulation process was confirmed by means of several complementary techniques. To test their 
contrasting ability, hybrid NPs were analyzed by X-ray Computed Tomography (CT) showing promising 
results in the potential to be distinguished from surroundings especially in a matrix mimicking the 
biological environment. Finally, hybrid NPs were functionalized with D8 antibody and in vivo 
investigated. When intravenously injected in HCC xenograft mouse model, following the biodistribution 
for 48h, targeted and untargeted hybrid NPs mainly accumulated in liver and spleen. However, D8 hybrid 
NPs exhibited a higher accumulation and retention in the tumor mass corroborating the benefit of an 
active cancer targeting approach. Despite the encouraging results, our nanosystem should be better 
characterized. Nevertheless, it lays the groundwork for potential in vivo applications in clinical setting. 
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Solving the energy crisis with zero CO2 emission-based energy sources is the need of the hour, in addition 
to the overall reduction of CO2 in the Earth’s atmosphere. As an answer to both issues, obtaining fuels 
from photocatalysis and electrocatalysis of CO2 reduction reaction (CO2RR) is practical and a potent 
answer. However, CO2 is an extremely stable molecule with C=O bond dissociation energy of ~750 kJ/mol 
which is much higher than that of some other chemical bonds like C-H (~430 kJ/mol) and C-C (~336 
kJ/mol). This makes the CO2 molecule require high input energy for its transformation to the various 
reduction products.1 Heterogeneous photocatalysis/electrocatalysis is a viable pathway that can lower 
the overpotential making the reduction reactions feasible. In this work, catalysts with Z-scheme 
heterojunction have been synthesized with the aim to obtain suitable band positions and band gap for 
active photocatalysis. However, these same catalysts were tested for electrocatalytic CO2RR and 
particularly bismuth-based catalysts were found to be active, among which BiOCl and its composites 
with g-C3N4 were seen to be selectively active for formate generation. Linear Sweep Voltammetry (LSV) 
studies performed in CO2 and Argon saturated 0.1M KHCO3 electrolyte with a scan rate of 5 mVs-1 showed 
an increment in the current density in the former case which proved the activeness of the catalyst in 
CO2RR. Several composites of BiOCl/g-C3N4 varying in their %’s were tested in a three-electrode gas-
tight Dr. Bob cell™ connected to an online Gas Chromatography analyzer where the gaseous products 
were analyzed. The liquid products were analyzed after the Chronoamperometry by an Ionic 
Chromatography analyzer. Faradaic efficiencies (F.E.) accounted for 70% - 77% of formate production for 
the different composites and 52.1% BiOCl/g-C3N4 particularly formed 259 ppm of formate as compared 
to 231 ppm by the pristine BiOCl. As for photocatalysis, preliminary investigation with H2 evolution tests 
have been carried out and CeO2/g-C3N4 was found to be higher in its activity as compared to the pristine 
g-C3N4.  

 

 

 

 

 

 

 

Figure 1. (a) SEM image of 52.1% BiOCl/g-C3N4 (b) TEM image of BiOCl showing nanoplate formation (c) F.E. of various %’s of 
composites (d) LSV graph of BiOCl in Ar and CO2 atmosphere at -1.7V vs SCE. 
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Figure 1 

Illustrative 
schematic of some 
key steps regarding 
the 3D CSs 
experimental 
pipeline. 

 

Exploring cardiac mechanobiology using nanotechnology 

Michele Zanetti,1,2,3 * Brisa Pena Castellanos,3 Nicoletta Braidotti,1,2 Andrew Bonham,4 Suet-Nee Chen,3 
Matthew R.G. Taylor,3 Orfeo Sbaizero,5 Luisa Mestroni,3 Laura Andolfi,2 and Marco Lazzarino2 

*zanetti@iom.cnr.it 

1 Department of Physics, University of Trieste, Trieste, Italy 
2 CNR-IOM, Istituto Officina dei Materiali, Consiglio Nazionale delle Ricerche, Trieste, Italy 
3 Division of Cardiology, University of Colorado Denver Anschutz Medical Campus, Aurora, CO, USA 
4 Department of Chemistry & Biochemistry, Metropolitan State University of Denver, Denver, CO, USA 
5 Department of Engineering and Architecture, University of Trieste, Trieste, Italy  

 

Cardiovascular diseases are the leading cause of death worldwide and the mechanical properties of the 
myocardium need to be extensively investigated to overcome this global epidemic. Two-dimensional 
(2D) and three-dimensional (3D) cell cultures allow a systematic manipulation and control of force 
dynamics, to address the myocardial multiscale organization and mechanobiology. Atomic Force 
Microscopy (AFM) can be used to uncover relevant mechanical fingerprints of diseased cardiomyocytes. 
As an example, our study of 2D cultures of Filamin CKO cardiomyocytes showed impairments in cell 
stiffness and cell adhesion, as measured by AFM nanoindentation. 
To investigate a physiological-like system, multicellular 3D cardiac spheroids (CSs) were later developed 
to bridge the gap between 2D cultures and the native heart tissue. Custom fabricated Macro-cantilevers 
were then fabricated and used to interrogate the CS whole mechanics (Figure 1). 
After optimizing the AFM-based whole spheroid approach, a pathological complexity layer was added 
by investigating spheroids of co-cultured cardiomyocytes and fibroblasts to analyze the mechanical 
background of myocardial fibrosis (MF). In our study, fibrotic spheroids showed higher stiffnesses and 
impaired viscoelasticity, which are hallmarks of MF. 
Finally, in the framework of a possible regeneration strategy, a Reverse Thermal Gel functionalized with 
gold nanoparticles (RTG-Au) was deployed as an electromechanical conditioning scaffold. CSs grown in 
conductive RTG-Au demonstrated advanced maturation levels as shown by the elevated gap junctions’ 
expression, higher beating reactivity to AFM mechanical pacing and, in turn, higher twitch power. 
Our results are likely to bring a positive impact on the study of heart regeneration and cardiovascular 
diseases, pushing towards unexplored avenues of cardiac mechanobiology through Nanotech-inspired 
bioengineering tools. 
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Asbestos fibers inhalation is associated with severe lung diseases such as asbestosis and pleural 
mesothelioma (1). The comprehension of early interactions between asbestos fibers and cells is 
fundamental to understand the onset of asbestos-related diseases and to set up specific therapeutic 
approaches for the treatment of the exposed subjects. One essential process of pathogenesis is the 
interplay between fiber and proteins. Many proteins including ferritin (2), cytoskeletal proteins (3), and 
ion channels (4) bind the asbestos fibers. This kind of interaction can induce a significant increment of 
enzymatic activity, likely as a consequence of structural modifications of the absorbed protein (5). In the 
lung tissue, this process leads to the formation of asbestos bodies (AB, asbestos fiber coated with 
mucopolysaccharides and iron containing proteins) (6). The present contribution is focused on the study 
of the structural modifications of proteins following the fiber binding by FTIR microscopy, as well of the 
cell membrane using through two-electrode voltage clamp (TEVC) technique in Xenopus leavis oocytes. 
Firstly, we set up a protocol to reproduce an in vitro model of AB (AB-M) composed by holoferritin and 
three different asbestos fiber types (crocidolite, amosite and chrysotile). UV-Vis spectrophotometry and 
SDS page assay have shown that holoferritin interacts with chrysotile more avidly with respect to the 
other fibers. Interestingly, chrysotile contains only traces of iron as a contaminant (7) with respect to 
others. Holo/apo ferritin was incubated with chrysotile at pH 7.0 (cytoplasm) and 5.0 (phagosome) 
respectively for 2h, 48 h, and 1 week to study the secondary structure in a physiological environment.  
The FTIR microscopy analysis reveals aggregation of both proteins, but more intensely in apo than in 
holo. The aggregation was time depending and less dependent on pH. Preliminary results on Xenopus 
leavis oocytes revealed chrysotile able to modify the passive membrane properties, starting soon after 
incubation. In conclusion, our findings demonstrate that chrysotile affects the secondary structure of the 
proteins as well as the electrical proprieties of the cell membrane adding other possible contributions to 
the key mechanisms involved in the pathogenetic role played by this carcinogenic fiber. 
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Aerosol deposition (AD) is an efficient method for producing thick films with high density at room 
temperature1. The films grow by impact and fragmentation of the initial particles, which gives the films a 
unique microstructure2. However, for electromechanically active materials, heat treatment after AD is 
still desirable to improve the dielectric, ferroelectric and energy storage properties, while annealing 
tends to degrade the mechanical properties3. The latter are rarely reported because the film thickness 
(usually up to a few tens of μm) presents an experimental challenge and limits the application of most 
mechanical tests. 

In this contribution, we focus on the effects of thermal annealing on the microstructure and mechanical 
properties of 0.9Pb(Mg1/3Nb2/3)O3–0.1PbTiO3 (PMN–10PT) thick films deposited on stainless steel using 
AD to gain better insight into the overall properties of the material. First, we investigate the effects of 
heat treatment at 500 °C on porosity, grain size, crystallinity, and crystallographic orientation using 
transmission electron microscopy down to the nm range. We also show that the substrate, stainless steel, 
is strongly affected by the heat treatment. In situ nanoindentation is then used to measure the 
mechanical properties of the as-prepared and annealed PMN-10PT films. The measured hardness and 
Young's modulus are discussed in terms of their distribution over the cross-section of the films. 
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The present work focuses on assessing the toxicological long-term nano plastics (NPs) exposure in in vitro 
human cell models. Although their usage has certainly revolutionized several fields, their detectable 
presence in water, food, human body compartments1, addresses the scientifical concerns.  
Based on published evidence on NPs-human macrophages interactions in inflammatory response, we 
propose the use of a novel NPs model: polypropylene (PP) and polyvinyl chloride (PVC), labeled with 
CdSe-QDs2, dispensed to polarized-monocytes macrophages (THP-1 cell line). Cell-NPs toxicological 
accumulation are investigated by X-ray imaging combined with fluorescence spectroscopy, Fourier-
Transform Infrared Spectroscopy (FTIR) and standard bio-, chemical- techniques.  

XRF elemental imaging analyses detected the different polymers (20, 5o g/mL) NPs in macrophages by 
using the suitable excitation energy (1.7 keV) to track the emission of Se L-line of CdSe-QDs-NPs 
(TwinMic Beamline), in accordance with light fluorescence microscopy images (fig. 1a-b), instead 3.4 keV 
excitation energy (ID21 Beamline) allowed to trace the Cd of the QDs at nano-spatial resolution. 
Interestingly, we also observed an increased and co-localized Cl signal in the samples treated with PVC-
NPs (contain Cl), (fig.1c). NPs exposure seems mainly affecting the cell lipid metabolism: macromolecular 
response investigated via FTIR showed a higher CO/Lipids and CH2/CH3 ratios in PP-cell treated cells 
compared with the control, clearly associated with lipidic peroxidation, oxidative stress, apoptotic 
vesicles formation. Instead, PVC-treated cells showed a reduced CH2/CH3 ratio, which can be assigned to 
the apoptosis, or cell membrane disruption3 (fig.1d). Moreover, lipid Droplets (LDs) formation at the cell 
membrane in PP-cells was observed by STXM morphological absorption images; in fact, LDs occur during 
the NPs phagocytosis mediated by macrophages, taking part to the innate immune response4 (fig.1e).  
In conclusion, the proposed fluorescent NPs combined with advanced analytical techniques 
demonstrated to overcome the NPs chemical characterization issues in biological samples with the use 
of standard techniques. The present analyses revealed that although NPs did not exert significant direct 
effects on the cell viability, they are mainly involved in the lipid metabolisms impairment.  
 

 
Figure 1. The light fluorescence image (a), Se XRF map (41µm ×41 µm, 1.7 keV photon energy at TwinMic beamline) (b), Cd XRF map (58µm × 

50µm, 3.4 keV photon energy at ID21 beamline) (c) of PVC-NPs exposed cell. Box plot of relevant FTIR bands’ ratios of NPs exposed cells (d) 
and STXM image of LDs (e). Scale bar is 10 µm. 
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