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Virtual microreality: immersive real-time manipulation of microscopic systems 

Silvio Bianchia, Roberto Di Leonardoa,b 
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bDipartimento di Fisica, ‘’Sapienza’’ Università di Roma, Rome, I‐00185, Italy 

 

Here we show that, by combining holographic techniques for 3D microscopy and micromanipulation 
within a virtual reality system, we can be immersed in a live 3D reconstruction of a dynamic 
microscopic system enclosed in  a microscope slide. The core technology of our system is a three‐
axis holographic microscope (3DHM), a multi‐axis/multicolor implementation of holographic 
microscopy [1,2]. 3DHM provides an effective solution to the poor axial resolution of conventional 
in‐line holographic microscopy allowing to obtain reliable and accurate 3D images with frame rates 
that can be higher than 100 Hz. At the same time, we can dynamically generate holographic optical 
traps [3] that can be used as virtual projections of our hands to interactively grab and organize 
multiple colloidal beads in 3D configurations.  
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Several technological applications have been proposed for graphene and experimentally 

demonstrated in the laboratory scale. The majority of graphene applications, ranging from 

electronics, photovoltaics and sensoristics to biomedical devices, take advantage from the unique 

combination of transparency, conductivity and flexibility. However, the graphene technology transfer 

to industrial scale is still limited. The reasons are related to both production cost and quality of 

graphene currently available. 

In particular, the discovery of the metal catalyzed chemical vapor deposition, CVD, methodology 

opened the way for the large area growth of single layer graphene. However, CVD graphene layers 

are polycrystalline and, the morphology/structure at atomic level is well far to be free of defects, 

which affect graphene properties. On the other side, literature suggests several chemical and physical 

approaches for optimizing graphene by tuning the material properties (sheet resistance, work 

function, surface energy, etc.). Indeed, the proposed graphene optimization strategies typically result 

in unstable material properties, thus, preventing their concrete technological exploitation. 

The talk will present scalable plasma strategies developed in our laboratories for overcoming CVD 

graphene limitations. Experimental results on H2 and N2 before‐growth and after growth plasma steps 

for improving material structural quality and tuning transport properties (by doping or transport gap 

opening) are reported. The fine control of single and multilayer CVD graphene by O2 plasma treatment 

is demonstrated. Finally, last results on graphene‐based photovoltaic and microwave devices will be 

presented to validate our plasma‐chemical strategies for optimizing graphene properties. 
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Mixed valence (MV) compounds which consist of two or more equivalent redox centers bridged by 
an unsaturated spacer play a dominant role for the investigation of basic charge transfer processes in 
small molecular model compounds.  
In these MV radical ions one usually considers the so called intervalence charge transfer band (IV‐CT) 
in the near‐infrared, which originates from an optically induced charge transfer from one charged 
redox center to the neutral other one. The IV‐CT tuning can be carried out using appropriate redox 
centers and modifying the length and nature of the bridge between the redox centers.  
Due to this main feature and the ability to generate stable and reversible radical cations, the organic 
mixed valence compounds (MVs) consisting of arylamine redox centers are considered an interesting 
class of small molecules for electrochromic applications. 
Functional electrochromic materials that allow energy modulation both in the visible and in the near‐
infrared (NIR) spectral ranges are attracting increasing interest both for the fundamental scientific 
aspects related to their spectroelectrochemistry and for their technological applications. Vis‐NIR 
dimmable windows based on these materials are very promising for tunable shading, thus allowing 
lighting and heat energy use saving. About this, a design strategy and synthesis of organic MVs with 
excellent electrochromic properties are shown here. As a proof‐of‐concept, the above MVs were used 
to form solid thermoplastic laminable films in order to fabricate transmissive‐to‐black switching 
electrochromic devices, with intermediate color switching characteristics, enabling us to cover all the 
color palette. Beyond this important exploitability in the vis region, useful in many applications, the 
most important characteristic of these devices is their absorption in almost the whole NIR range 
(800 2200 nm) through the excita�on of highly charged radical species, which show intense IVCTs. 
Importantly, all the devices show high optical contrast, response times of a few seconds, and excellent 
switching stability over 10 000 cycles. 
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Alzheimer's disease (AD), the most common form of dementia, is a progressive neurodegenerative 
disorder associated with aberrant production of beta‐amyloid (Aβ) peptide depositing in brain as 
amyloid plaques. While animal models allow investigation of disease progression and therapeutic 
efficacy, technology to fully dissect the pathological mechanisms of this complex disease at cellular 
and vascular levels is lacking.  
X‐ray phase contrast tomography (XPCT) is an advanced non‐destructive 3D multi‐scale direct imaging 
from the cell through to the whole brain, with exceptional spatial and contrast resolution. We exploit 
XPCT to simultaneously analyse disease‐relevant vascular and neuronal networks in AD mouse brain, 
without sectioning and staining. The findings clearly show the different typologies and internal 
structures of Aβ plaques, together with their interaction with patho/physiological cellular and neuro‐
vascular microenvironment. XPCT enables for the first time a detailed visualization of amyloid‐
angiopathy at capillary level, which is impossible to achieve with other approaches. 
XPCT emerges as added‐value technology to explore AD mouse brain as a whole, preserving tissue 
chemistry and structure, enabling the comparison of physiological vs. pathological states at the level 
of crucial disease targets. In‐vivo translation will permit to monitor emerging therapeutic approaches 
and possibly shed new light on pathological mechanisms of neurodegenerative diseases. 
 
L. Massimi et al. NeuroImage 184 (2019) 490–495 
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Two‐dimensional (2D) perovskites are very promising materials for photonic applications, [1, 2] 
thanks to the great synthetic versatility that allows to tune their optical properties. These hybrid 
semiconductors have multiple quantum well (MQW) structure made of lead iodide octahedral 
inorganic layers (acting as ‘well’) sandwiched between bilayers of organic cations (acting as ‘barrier’). 
The quantum well architecture, determined by the thickness of the inorganic layer and by the nature 
of organic ligands, can be easily tuned changing the chemistry of the process, thus tailoring electronic 
band structure and degree of quantum confinement. We report a novel one‐step method for the 
synthesis of 2D perovskite single crystals (namely, (C6H5CH2CH2NH3)n(CH3NH3)n/1PbnI3n+1 with n 
= 1, 2, 3 and 4) at the water/air interface. In this method the self‐assembly of the organic ligands at 
the liquid surface acts as a soft template guiding the growth of large single crystals while the use of 
potassium iodide plays a fundamental role defining the final stoichiometry of perovskite slabs.  
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We show that the growth rate of cultured cancer cell lines displays a dependence on the size of the 

initial inoculum that is not reproduced by standard logistic models. Two basic alternative explanations 

are tested, namely cooperative growth and long‐term memory. Somewhat surprisingly, the latter by 

itself (i.e. even in absence of cooperation) explains all experimental observations available to date. 

While more data are being collected and analyzed, this suggests that cell populations could be capable 

of preserving some memory of their initial conditions deep into the exponential phase, thereby 

incorporating into the growth rate much more information than previously thought. 
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The two‐photon photo‐reduction of photosensitive metallic precursors is a promising technique for 

direct laser writing (DLW) of metallic structures onto solid substrates at the sub‐micron scale. 

In a previous work we elucidated the physics behind this fabrication method triggered by the Two 

Photon Absorption (TPA) process, in the case of an Au precursor (tetrachloroauric acid, HAuCl4), and 

pointed out the diffusive process underlying the created nanoparticles (NPs) growth and the necessity 

to have a polymeric network in order to “held” the created NPs at their place, preventing their free 

diffusion[1]. On the other hand, as the writing process occurs at the interface with the solid substrate, 

it is mandatory for the last to be optically accessible; moreover, a better control on the ionic 

concentration would lead to an important improvement of the quality of the created structures. Infact 

it often happens that a non‐homogeneous ionic concentration and the presence of HAuCl4 

precipitates determine a different sensitivity of the system to the TPA process, leading to a poor 

compliance of the created structures with the geometrical model. Therefore, in order to minimize or 

even eliminate possible gradients and avoid precipitates of HAuCl4, we performed a series of 

experiments and defined a specific protocol that grants an unpreceded uniformity in the created 

structures (Figs. 1‐4).  

Also keeping an eye open on the green chemistry, we did choose a natural hydrogel (isinglass), 

featuring a good transparency at the used wavelength (780 nm). A thin film of it has been spun onto 

a silicon substrate, in order to get a film of uniform thickness about 3 microns, considerably thicker 

than the voxel. Then the coated substrate has been bathed in an aqueous solution of HAuCl4 (Fig.5) 

until the achieving of the steady‐state ionic concentration between the hydrogel film and the bath, 

whose time‐length has been extimated by the Fick's diffusion law[1]. This method ensures a fine 

control on the ionic density inside the film. A subsequent bath in deionized water removes the 

chloroauric ions from the hydrogel film, stopping the NPs growth; so we can get a full control on the 

seeds density and the NPs growth kinetics. To monitor the growth of the seeds “planted” with the 

TPA process, we can do another HAuCl4 bath acting on two parameters: the duration of the bath and 

the concentration of the acqueous solution. The DLW technique allows to create spots where the free 

ions migrate. The NPs grow only where the seeds are lodged. Sensible variations of the seeds growth 

are detected after a few hours for lower concentration and a few minutes for higher concentration. 

The samples are then characterized by Scanning Electron (SEM) 
and Atomic Force (AFM) Microscopy. 

 
Figures 1-4. (clockwise) An optical 

microscope image (1) of the created 

structures with various shapes on the silicon 

substrate; SEM images (2,3) of the linear and 

exagonal shape structures and a 

magnification (4) of the last one. Figure 5. Sketch of the experiment. 

The bath in tetrachloroauric acid of the silicon substrate after the spin 

coating deposition of the isinglass on it. 

 

 [1] T. Ritacco, Ph.D. Thesis, University of Calabria, 2017 and the references therein.  
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Polaritons are very interesting quasiparticles, because they have the hybrid nature of light and 
matter, a strong coupling of localized electromagnetic fields which is reached inside photonic 
microcavities. Polariton planar fluids inherit a strong nonlinearity from the quantum well excitons as 
well as a high coherence from the photon counterpart plus a unique non‐parabolic dispersion from 
their hybridization. They can sustain, among other effects, Bose‐Einstein condensation, nonlinear 
quantum fluid dynamics and even quantum correlations.  
 
Here, we will show manifold linear and nonlinear spatiotemporal reshaping effects in microcavity 
polaritons. Firstly, we will discuss a weak nonlinear regime of exciton‐polaritons which can trigger 
the formation of two‐dimensional X‐waves, exploiting the polariton hyperbolic dispersion [1]. These 
localized packets rely on the negative mass of the lower polariton branch along the propagation 
direction and a Bessel shaping in the transverse one. 
 
Then, we show how we can seed and track quantum vortices in the polariton fluid on the 
picosecond timescale. These quantum vortices highlight a rich nonlinear phenomenology, mainly 
consisting of rotational dynamics. Remarkably, we also observe that two vortices placed in close 
proximity experience attractive‐repulsive scenarios with unexpected radial components too [2]. 
Such nonlinear vortex pair‐interactions can be described by a tuneable effective potential, 
reminiscent of Lennard‐Jones potential existing between molecules.  
 
Finally, we show novel forms of complex light structuring, upon using Rabi oscillations and coherent 
control of quantum vortices. This results in ultrafast swirling vortices, characterized by one or more 
inner phase singularity tubes which spiral around their axis of propagation [3]. The emitted 
topological beams are endowed with the recently described property of time‐varying orbital angular 
momentum and self‐torque [4].  
 
 
[1] Gianfrate et al., Light Sci. Appl. 7, e17119 (2018) 
 
[2] Dominici et al., Nat. Commun. 9, 1467 (2018) 
 
[3] Dominici et al., arxiv 1801.02580 (2018) 
 
[4] Rego et al., Science 364, 1253 (2019) 
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Nowadays, functional materials for separation of oil‐water mixtures attract growing interest in 

environmental remediation and wastewater treatment. In particular, over the last years, a wide range 

of absorbent materials with opposite wettability behavior towards water and oil has been successfully 

developed for this application [1]. In the present work we have optimized unique atmospheric 

pressure non‐equilibrium plasma processes [2] able to modify open‐cell polyurethane sponges to 

obtain superhydrophobic/superoleophilic sorbents that can selectively absorb oil, while completely 

repelling water. The proposed approach involves two steps: first, an oxygen‐containing dielectric 

barrier discharges (DBD) is employed to induce the nanotexturing of both the outer and inner surfaces 

of the sponge; then, in a second step an ethylene‐containing DBD allows the deposition of a 

hydrocarbon polymer coating on the entire three‐dimensional porous material. In this contribution, 

first, the most significant results from the chemical, morphological and mechanical characterization 

of the sponges before and after the plasma processes will be presented. Then, the attention will be 

drawn to the final performances of the sponges in terms of wettability behavior, absorption capacity, 

separation selectivity and recyclability. Preliminary results from absorption tests carried out using 

hydrocarbon solvents, mineral oil and various hydrocarbon‐based liquids will be shown. Finally, an 

overview will be given of various atmospheric pressure plasma processes we have optimized on 

complex 3D porous samples and on the possible applications in wastewater treatment we are 

currently addressing [3‐5]. 
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In this work [1] we report the first direct measure of the complete geometry of an energy band. 

Collecting 

and analyzing the fluorescence of a radiative photonic mode we are able to reconstruct the reciprocal 

2D space distribution of all the four components of the quantum geometric tensor, i.e. the metric 

tensor and the Berry curvature [2, 3]. This was possible thanks to the investigated system, which is an 

high quality 2D exciton polariton microcavity with a Q  100000 resulting in a lifetime > 100 ps and 

consequently a linewidth < 0.1nm. This kind of planar cavity is naturally subject to an effective SOC 

(Spin Orbit Coupling) stemming from the TE‐TM (Transverse Electric and Transverse Magnetic) energy 

splitting. This together with a linear polarization splitting, induced by a crystal anisotropy, give rise to 

a non‐Abelian Gauge field that drives the appearance of a couple of Dirac cones and pesudospin 

monopoles, also observed here for the very first time, demonstrating the intrinsic chirality of 2D 

photonic modes. Adding an effective Zeeman splitting to the Hamiltonian by means of an external 

magnetic field, the time reversal symmetry is broken and the Dirac cones are split. This leads the 

formation of a chiral photonic band with controlled Berry curvature. The direct access to the Berry 

curvature and the quantum metric is of enormous interest for the scientific community in the field of 

topological physics. This work opens new perspectives allowing the access to topological index 

beyond the Chern number and, more in the specific, to study the interplay between interactive 

quantum fluids (polaritons) and topological systems. 

 

 
FIG. 1.  Experimental and theoretical Fourier space distribution of the four components of the 

quantum geometric tensor. 

 
[1] A. Gianfrate, O. Bleu, L. Dominici, V. Ardizzone, M. De Giorgi, D. Ballarini, G.Lerario, K. West, L. N. Pfeiffer, D. 
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vol. 392, 4557 (The Royal Society, 1984)  
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The paraphrasis of Feynman’s renowned statement is used to highlight the inherent relevance of 

surfaces and interfaces  at the nanoscale. Indeed, chemical species at the surface (ligands) of 

colloidal inorganic semiconductor nanocrystals (QDs) markedly (i) impact the optoelectronic 

properties of the resulting systemsand (ii) mediate their interactions with the surroundings. Here, a 

general method based on the surface chemistry modification of colloidal QDs (metal chalcogenides, 

metal halide perovskites) is exploited to infer the key role of surfaces on the QD electronic 

structure[1‐3] and the QD interactions with the surroundings.[3,4] The presented findings point to a 

description of colloidal QDs that may conceive ligands as dynamically bound and as part of the overall 

QD electronic structure, beyond models derived from analogies with core/shell heterostructures, 

which consider ligands as mere perturbation to the core properties.  
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We review here some recent numerical results [1] showing that the ergodicity‐breaking transition 

which takes place at the onset of random lasing is also accompanied by a localization of energy on a 

sub‐extensive set of light modes. We discuss the typical behaviour of standard observables like the 

so‐called “spectral entropy” and the participation ratio. A study of finite‐size effects is presented, 

providing the clear evidence that energy localization has the features of a first‐order transition in our 

model, consistently with the ‘random first‐order’ nature of the underlying glass transition. The 

detailed study of finite size‐effects also shows that our model is characterized by remarkable 

deviations from the predictions of mean‐field theories. 

We also comment on the intriguing analogies between light localization in random lasers and the 

phenomenon of localization in other models relevant to condensed matter, e.g. the non‐linear 

Schrödinger equation. 

 
[1] ‘Glass transition and Lack of Equipartition in a Statistical Mechanics model of random Lasers’, G. Gradenigo, 

A. Antenucci, L. Leuzzi, arXiv:1902.00011. 
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Standard imaging systems provide a spatial resolution that is ultimately dictated by the numerical 

aperture (NA) of the illumination and collection optics. In biological tissues, the resolution is strongly 

affected by scattering, which limits the penetration depth to a few tenths of microns. In a recently 

published paper [1], we exploit the properties of speckle patterns embedded into a strongly scattering 

matrix to illuminate the sample at high spatial frequency content. Combining illumination performed 

from  a  Digital Micromirror Device(DMD) and a custom deconvolution algorithm, we obtain an 

increase in the transverse spatial resolution by a factor of 2.5 with respect to the natural diffraction 

limit. Our Scattering Assisted Imaging (SAI) provides an effective solution to increase the resolution 

when long working distance optics are needed, potentially paving the way to bulk imaging in turbid 

tissues. 

 

Fig. 2 a‐d: Images obtained of a cortical neuron taken with a low numerical aperture objective 

(NA=0.25) . b‐e: Super resolution images obtained with the same objective (NA=0.25) and  Scattering 

Assisted Imaging deconvolution. c‐f: Ground truth obtained with a high resolution objective 

(NA=0.75). 

 

The relative simplicity of the experimental enables SAI to be employed in any basic fuorescence 

imaging scheme in which fuorescent molecules lie on the surface of a strongly scattering material. 

Since the resolution limit is driven by the size of the speckle grain rather than the system NA, the 

proposed technique shows its maximum advantage in experiments where high resolution is needed 

together with a long working distance. Involving minimal optical power, SAI can be a powerful tool 

for the investigation of systems with low damage threshold, and may be easily exported to in‐vivo 

investigation of sensible tissues such as the human retina.  
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Artificial neural networks emerged as powerful information processing systems for the recognition 

and classification of patterns even with imperfect or incomplete information. In this work we 

demonstrate that exciton‐polariton condensates are capable of perform reservoir computing 

surpassing all the other hardware implementations of neural network in terms of efficiency and 

speed. For a neural network to perform a task, it is necessary to choose the connections between 

nodes and independently control their weights, thus placing a challenging requirement on hardware 

implementations of neural networks. A solution appeared in the form of reservoir computing [1], 

which operates with a random network of recurrent nodes. These nodes are coupled with random 

connections with random and fixed strengths, eliminating the need for their training and control. 

What is trained instead is a weight matrix that is applied to the output of the system.  Exciton‐

polaritons are bosonic quasiparticles that arise from the strong coupling between excitons and 

photons. These systems are characterized by exceptionally strong optical nonlinearity and picosecond 

reaction time thanks to their components. Using polaritons, binary logic elements like individual logic 

gates [2] and transistors [3] were reproduced, and in this work we use them to demonstrate the 

highest recognition rate achieved so far in a physical neural network measured on the MNIST 

benchmark (a dataset of hand‐written digits of the Modified National Institute of Standards and 

Technology). In particular, our result is the first experimental demonstration of pattern recognition in 

an optical system, showing both the highest recognition efficiency and the fastest operational speed. 
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In this work we present a high performance biosensor device, based on platinum 3D chiral 

metamaterial arrays.  We started from the already studied tuneable platform based on 3D helical 

nanostructures fabricated by Focused Ion Beam Induced Deposition (FIBID) and arranged in an array 

configuration [1,2]. The nanostructures were specifically engineered in core‐shell structure, the shell 

being an ultra‐thin layer of the o‐phenylediamine (OPD) organic polymer obtained by electrosynthesis 

method (cyclic voltammetry) that allows to carry out a high controlled conformal deposition on the 

complex nanostructure. 

The polymeric shell offers a good surface for molecular immobilization by two amino‐moieties in the 

aromatic diamine, allowing a more efficient immobilization of antibodies compared with the other 

covalent strategies tested. 

 Most important, the introduction of a dielectric shell (in our case 4 nm OPD) lead to an enhanced 

light scattering field with respect to the unshelled Pt nanohelices3. The coupling between the 

localized plasmon of the Pt helix with the enhanced scattering background of the dielectric shell can 

be engineered to generates a asimmetric resonance with reduced linewidth [3] (thus lower plasmonic 

losses), leading to a more efficient detection of the bioreceptors/biomolecules, as demonstrated by 

the optical measurements. 

The biosensor was tested using p‐TDP‐43 aggregates, a prognostic biomarkers involved in 

Amyotrophic Lateral Sclerosis (ALS). The high sensitivity obtained by the chiral platform allows 

detecting molecular concentrations of p‐TDP‐43 down to few fM, sensitivity that could allow the 

detection of this biomarker even in the peripheral blood where concentration is very low, enabling 

noninvasive diagnostic assay. The core‐shell chiral result to have a sensitivity at least 5 time higher 

than the simple Pt structures.  
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In the last decade industrial research focused its attention on “smart” advanced glasses based on 

electrochromic (EC) devices [1]. EC glass windows could improve energy efficiency in buildings, with 

modulated transmittance of light and dynamic shading control, enhancing the human comfort in 

internal environment and at the same time regulating the solar energy transfer through the window, 

reducing the expense for building heating and cooling [2‐4].  

In this context, innovative devices which combine organic light emitting diodes (OLEDs) with 

electrochromic devices are enjoying a growth in interest thanks to the possibility to generate light 

and modulate total transmittance in a very efficient way. Moreover, electrochromic and OLED 

technologies have the common features to be fabricated also on flexible substrates, allowing the 

positioning of the integrated device on any kind of surface with lots of possible geometric 

configurations.  

We present a fully integrated multifunctional device composed by a transparent OLED and all solid 

state EC device in which the OLED is grown on the top of EC device, using a common ITO electrode 

[5]. EC device consists of an electrochromic layer and a solid‐state electrolyte placed between two 

ITO electrodes. The top electrode of EC device acts as anode for the OLED, fabricated on its top by 

thermal evaporation. This multifunctional device is capable to tune its transmittance properties in the 

visible and near‐IR optical region and to produce light by electroluminescence, simultaneously or 

independently. This outcome represents a further step towards the developments of next‐generation 

multifunctional EC devices and, importantly, it can open the way for new electrochromic “smart” 

windows systems such as the retail display windows or display EC glasses for augmented reality. 
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The surface chemistry of metal halide perovskite nanocrystals (NCs) is a crucial, albeit poorly 
understood, aspect to develop this promising class of luminophores. Here, we provide an atomic level 
description of the surface of colloidal CsPbBr3 NCs, achieving an effective passivation that leads to 
near unity photoluminescence quantum yield. To this end, we used two different types of CsPbBr3 
NCs, which had been synthesized with an outer shell constituted by either oleylammonium bromide 
ion pairs or Cs‐oleate complexes. The dynamic equilibria at the NCs’ surface were perturbed with 
ligands from a comprehensive library, which includes amines (and their conjugated acids) with 
different basicities, chain lengths, and steric encumbrances. Our approach guarantees a careful 
control of the ligand binding affinity and of the ligand‐to‐NC molar ratio, which are demonstrated as 
essential to attain thermodynamically stable binding of ligands at the NC surface. We thus present a 
reliable protocol for controlling the surface chemistry of colloidal metal halide perovskite NCs and for 
selectively addressing their ligand‐induced morphological (and structural) transformations. 
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Glioblastoma (GBM) is one of the most lethal human cancers due to its capability to highly infiltrate 
the brain healthy tissue, inducing therapy‐resistant relapses rapidly followed by patient death1. 
Growing evidence showed that cell motility is sensitive to mechanical changes of microenvironment, 
such as the increased stiffness of extracellular matrix (ECM)2,3. Thus, mechanosensitivity and 
consequent cell behavioural adaptation rely on the translation of external mechanical cues into 
intracellular biochemical signals. Among them Ca2+ ([Ca2+]i)‐signaling plays a pivotal role as modulator 
of cell movement4. It has been shown that substrate stiffness increase leads to an increment of both 
frequency and amplitude of spontaneous [Ca2+]i oscillation in several type of cells, including cancer 
cells5‐7. Moreover, biopsy tissues from patients with malignant gliomas revealed significant expression 
of BK channels which can be regulated by several intracellular ligands such as Ca2+ 8‐10. In the present 
study we propose a 2D culture system where human derived‐GBM cells U251 and GL15 were seeded 
on substrates with different stiffness in order to model in vitro ECM rigidity. We aimed at investigating 
the effects of ECM stiffness variation on spontaneous [Ca2+]i oscillations as well as its modulating 
effect on BK‐mediated currents. We found that changes in substrate rigidity differentially modulate 
amplitude and frequency of spontaneous [Ca2+]i oscillations as well as passive properties and BK 
currents in both cell lines. Our data suggest that highlighting Ca2+ signaling and BK current dynamics 
of glioma cells in response to variation in ECM rigidity could pave the way to new insights in the field 
of GBM treatment. 
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Disordered proteins are less common compared to well‐folded proteins, but they are especially 

abundant in signaling and regulation processes. Thus, they are prevalent among potential 

pharmaceutical targets for fighting diseases such as neurodegenerative conditions and cancer. 

Nevertheless, at the moment no approved drug exists against any natively unfolded protein. A 

promising therapeutic target for tumor treatment is NUPR1, a protein overexpressed in possibly all 

cancer tissues, and whose genetic inhibition induces the arrest of tumor growth. However, NUPR1 is 

a totally disordered protein, and therefore it is a “moving target” that cannot be attacked with a 

conventional drug design protocol. 

Computer simulations reproduce the physical interactions governing the binding of intrinsically 

disordered proteins, and therefore provide a “view to a kill” by describing their functioning 

mechanisms at atomic resolution. Thus, molecular dynamics, docking and other bioinformatic 

techniques have been applied to probe the association of NUPR1 to its molecular partners. The 

binding properties predicted in silico were paralleled with results obtained in vitro with other 

biophysical techniques; the inhibition activity of the compounds was then tested in cellulo to verify 

their anticancer properties, and finally confirmed in vivo on mice xenografted with human tumor cells 

derived from pancreatic ductal adenocarcinoma. 

The results have led to the first discovery of a drug able to inhibit a protein that is totally unfolded [1] 

and, after subsequent optimization of the identified lead compound, to the only successful example 

to date of rational ligand‐based drug design against an intrinsically disordered protein [2]. From the 

point of view of basic life science, it has also been proposed that some pathological pathways leading 

to different cancer types could have a common origin [3]. Finally, other complex molecules have been 

found to compete for the same protein binding regions [4, 5], opening new possibilities for controlling 

disordered materials at the nanoscale. 
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Technologies based on non equilibrium “cold” plasmas have permeated nowadays several fields, from 

lights to sterilization, with most processes (etching, deposition of thin films, grafting of chemical 

groups) focused on surface modification of materials. In the biomedical field, in particular, plasma 

processes provide surface‐activated biomaterials (non fouling surfaces, Tissue Engineering scaffolds 

with improved cell‐colonization, cell‐adhesive layers, antibacterial coatings, etc,), 

sterilization/decontamination methods for materials tissues and wounds and, more recently, newer 

therapeutic approaches in wound healing and oncology [1]. 

Freely suspended nanofilms (thickness < 100 nm, NFs) have been a theoretical and experimental 

curiosity for several decades because, with macroscopic sizes and molecular scale thickness, they 

combine at the same time the properties of macroscopic materials along with those of individual 

molecules. We have utilized several plasma deposition processes for depositing NFs characterized by 

different chemical compositions and properties of biomedical interest, from non fouling to cell‐

adhesive and antibacterial [2]. 

In this contribution the plasma deposition of fsNFs of potential applications as biomaterials will be 

discussed discussed. The present work has been partially founded by the SEED project “FREEPLAS” 

2018‐2019.  
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Light‐matter interactions constitute a fundamental field of study in photonics, since it opens routes 

for exploring novel physical phenomena and for exploiting applications in optoelectronics and 

quantum optics. Although the field started growing around high quality‐factor cavities with extremely 

low losses and diffraction‐limited mode volumes, in recent years increasing interest has been devoted 

to pushing the research down to the nanoscale by using open nanocavities, with the promise of 

shrinking light‐matter interaction lengths down to scales much smaller than a single wavelength and 

manipulating the generation of nonclassical light by quantum emitters. In this regard, plasmonic 

resonances localized in metallic nanoparticles have been so far the preferential studied platform. 

Indeed, their ability to enhance and concentrate light in extremely sub‐wavelength volumes, together 

with their high sensitivity to the environment's refractive index, makes them ideal platforms to study 

the interactions with nearby molecules or quantum emitters. However, high absorption losses in 

metallic materials constitute a main drawback for studying light‐matter interactions in plasmonics, 

given the resulting broad resonances with extremely short lifetimes, of the order of few 

femtoseconds.  

 

A possible strategy to overcome this limitation is to assemble individual plasmonic particles in ordered 

lattices, where hybrid plasmon‐photon modes can be sustained, characterized by longer lifetime 

compared to localized plasmons, while keeping a significant electromagnetic near‐field 

enhancement.1‐3 On the other hand, alternative materials can be used, such as high refractive index 

dielectrics supporting Mie resonances with overall lower losses and better control over the scattering 

patterns compared to their plasmonic counterparts.4 We will discuss our recent advances in this field, 

with a particular focus on the excitation of exciton‐polaritons in plasmonic and dielectric nano‐

systems, and the observation of ultrastrong coupling, polariton condensation and ultrafast 

nonlinearities in plasmonic lattices. 
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Graphene is gaining increasing technological interest due to its broad applicability from electronics, 

photonics, photovoltaics and sensoristics to biomedical devices and to a variety of structural 

applications. The majority of graphene applications take advantage from the unique combination of 

transparency, conductivity and flexibility. These three properties represent the “graphene core‐

values” that identify univocally graphene (defined as a single sp2 carbon layer) in the landscape of 

graphene‐based materials (graphene oxide, reduced graphene oxide, graphene nanoplatelets, etc.). 

Although many graphene applications have been experimentally demonstrated (1, 2), the 

technological transfer from laboratory to industrial scale is still limited. The reasons are related to 

both production cost and quality of graphene currently available. 

The discovery of the metal catalyzed chemical vapor deposition, CVD, methodology (3) opened the 

way for the large scale growth of single layer graphene. However, CVD graphene layers are 

polycrystalline and, the morphology/structure at atomic level is well far to be free of defects, which 

affect graphene properties. These defects are often perceived as performance limiters, but in the case 

of graphene their chemical functionalization can help overcome  current material limitations. 

The poster reports chemical processes explored in our lab that effectively act as “point‐defect 

healing” resulting in: (i) high quality graphene layers, (ii) tuning of the graphene electrical transport 

properties (1,4) (iii) p‐doping of graphene to very low sheet resistance (2). 
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The pineal gland (PG), composed mainly by pinealocytes (neurosecretory cells that secrete serotonin 
and melatonin), is a central structure in the circadian system, which produces melatonin under the 
control of the central clock, the suprachiasmatic nucleus [1]. Calcareous deposits, which are known 
as pineal calcifications, are a normal physiologic phenomenon in PG [2]. Two major forms of pineal 
calcifications have been observed: (i) polycrystalline complexes (order of hundreds 100 micrometers), 
often called mulberry like structures hydroxyapatite or concretions, and (ii) small, well defined 
crystals of the order 10–20 micron. Calcium content and pineal concretions have been studied for a 
long time because of their association with aging [3] and neurodegenerative diseases [4, 5]. Some 
studies have shown that pineal calcification is significantly higher in presence of Alzheimer diseases 
(AD) [4,5]. Researchers suggest that the PG’s calcified deposits are associated with decreased number 
of functioning pinealocytes and reduced melatonin productions.In this framework, we characterized 
the calcifications structure of the human brain pineal glands and we studied the vascularization and 
the connectivity tissue structure of the pineal gland as a function of the concrementes density. In 
particular, in the framework of the Russia‐Italy bilateral‐ project CNR/RFBR (2018‐ 2020) we have 
investigated the hydroxyapatite crystals and structure of soft tissue in human pineal glands at 
different ages with high resolution X ray phase contrast tomography and high resolution 2D 
techniques This study will allow to shed light on the role of the human epiphysis in the development 
of neural degenerative disorders, such as AD, and to develop criteria for early diagnosis of these 
diseases. 
 
 
[1] ERLICH, Stephanie S.; et al. Journal of neurosurgery, 1985, 63.3: 321‐341 
[2] Welsh MG Pineal Res Rev,1985, 3:41–68 
[3] Hasegawa, A., et al. Brain Res 1987, 409, 343  
[4] W. Humber et al, Cell and Tissue Research Volume 263, Issue 3, 593–596 (1991) 
[5] Mahlberg, R., et al.. Neurobiology of aging, 2008, 29.2: 203‐209 
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Renewed interest in the resonant properties of Metal/Insulator nano‐structures arose due to their 
exotic photonic and plasmonic response together with straightforward fabrication and flexibility. [1–
4] These structures have been recently used to enhance the photophysical performances 
(photoluminescence, decay lifetime and quantum yield) of weakly coupled fluorophores via Surface 
Plasmon Enhanced Absorption (SPEA) and Surface Plasmon Coupled Emission (SPCE). [5] Here, we 
demonstrate in a semi‐classic framework that such an enhancement is provided by the epsilon‐
near‐zero (ENZ) response of suitably dimensioned Metal/Insulator nano‐cavities occurring at their 
resonant frequencies. We demonstrate that the excitation of these ENZ modes in 
metal/insulator/metal (MIM) nano‐cavities occurs via resonant tunneling of photons, lifting the 
need of momentum matching.[6,7] Our semi‐classic approach allows retrieving simple analytical 
relations for the design of the resonances of these cavities, bringing under the quantum domain 
systems that are usually though prerogative of the classic electromagnetism. We illustrate 
theoretically and experimentally the possibility of using our structures as narrowband 
superabsorbers and refractive‐index sensors, opening to the possibility of engineering complete ENZ 
bands in the visible range and to the investigation of the strong interaction with fluorophores 
potentially embedded within the cavity.  
 
Bibliography:  
[1] M. F. Limonov, M. V. Rybin, A. N. Poddubny, and Y. S. Kivshar, Nat. Photonics 11, 543 (2017).  
[2] A. M. Shaltout, J. Kim, A. Boltasseva, V. M. Shalaev, and A. V. Kildishev, Nat. Commun. 9, 2673 
(2018).  
[3] V. Caligiuri, L. Pezzi, A. Veltri, and A. De Luca, ACS Nano 11, 1012 (2017).  
[4] V. Caligiuri, R. Lento, L. Ricciardi, R. Termine, M. La Deda, S. Siprova, A. Golemme, and A. De 
Luca, Adv. Opt. Mater. 6, 1 (2018).  
[5] V. Caligiuri, M. Palei, M. Imran, L. Manna, and R. Krahne, ACS Photonics 5, (2018). 
[6] V. Caligiuri, M.Palei, G. Biffi, S. Artyukhin, and R. Krahne Nano Lett. 19 (5), 3151–3160, (2019).  
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Research interest on materials and methods to control the nanoscale response of resonant 

nanostructures is relevant for the potential application in tunable and reconfigurable devices. Typical 

approaches promote the interplay between external macroscale stimuli (mechanic, thermal, acoustic, 

electric, and chemical) and plasmonic systems to achieve nanoscale effects. In plasmo‐mechanics, an 

external mechanic strain applied to a flexible substrate is employed to induce plasmonic coupling 

between neighbouring Au particles. In this contribution, we report on a comprehensive numerical 

study able to predict strain‐related phenomena in a plasmonic system made of different uniform 

distributions of metallic nanoparticles immobilized on a flexible elastomeric tape. Results evidence 

how the plasmo‐mechanic control of the system depends on external parameters like incident light 

polarization, nanoparticle distance, and distribution arrangement. 

 

 

Bibliography 
[1] G.E. Lio, G. Palermo, R. Caputo and A. De Luca, Opto‐mechanical control of flexible plasmonic materials, J. 

App. Phys 2019 (doi: 10.1063/1.5055370). 

  



 

 

September 23-25 Hotel Le Dune – Sabaudia (Italy) 

NYM4 - 4th Nanotec Yearly Meeting  
Advances in pancreatic cancer spheroids formation: the case of MiaPaCa-2 cell line 

  

Marta M. Cavoa, Donatella Delle Caveb, Eliana D’Amonea, Giuseppe Giglia,c, Enza Lonardob and 

Loretta L. del Mercatoa 

 
aCNR NANOTEC, Institute of Nanotechnology, c/o Campus Ecotekne, via Monteroni, 73100, Lecce, 

Italy 
bCNR IGB, Institute of Genetics and Biophysics “A. Buzzati‐Traverso”, Via Pietro Castellino 111, 

80131, Naples, Italy 
cDepartment of Mathematics and Physics “Ennio De Giorgi”, University of Salento, via Arnesano, 

73100, Lecce, Italy 

 

Tumor spheroids have the potential to be used as preclinical chemosensitivity assays [1]. In the field 

of pancreatic cancer, a specific cell line, i.e. MiaPaCa‐2, is known for its incapability to form stable and 

uniform spheroids suitable for further analyses [2]. In this work, we compared different techniques 

to generate MiaPaCa‐2 spheroids: the hanging drop method, the round bottom plate and the cell‐

embedded Matrigel assays. The hanging drop method was tested with and without methylcellulose 

(MC)‐enriched media, a media viscosity enhancer [3]; furthermore, we investigated the impact of 

surface hydrophobicity by developing spheroids on glass, standard Petri lids and PDMS substrates. 

Morphometric analysis of spheroids indicated that cellular compaction was higher for hanging drop 

method in presence of MC‐enriched media; moreover, the diameter of each dispensed drop was 

strictly related to the substrate, thereby generating a more concentrated cell suspension when in 

contact with more hydrophobic surfaces. Gene expression analysis of spheroids obtained under 

different conditions showed that cells grown in more uniform spheroids expressed the highest values 

of cancer stem related genes, mesenchymal genes, cytokine genes and proliferation gene Ki‐67. Our 

results are promising in advancing the state of the art in formation and manipulation of MiaPaCa‐2 

spheroids and, showing a strong correlation between morphometric parameters and gene 

expression, suggest that spheroid shape may reflect a different inner cellular situation. 

The research leading to these results received funding from the European Research Council (ERC) 

under the European Union's Horizon 2020 research and innovation programme (grant agreement 

No 759959, ERC‐StG “INTERCELLMED”). 
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Abstract: Hydrogen sensing is essential in different applications such as industrial, environmental, 

energy and biomedical applications. Although making a practical, reliable, fast, sensitive and cost‐

effective hydrogen sensor, is a persistent problem [1]. Here we demonstrate a hydrogen sensor based 

on aluminium‐doped zinc oxide (AZO) nanotubes. These AZO nanotubes can sense the presence of a 

low concentration (0.7%) of hydrogen gas within 10 minutes. The high aspect ratio free‐standing AZO 

nanopillars were fabricated using a combination of advanced reactive ion etching and atomic layer 

deposition (ALD) techniques. The thickness and height of the AZO nanotubes are 20 nm and 2 um 

respectively and a pitch of 400 nm is maintained over 1X1 cm2 during lithography. For this structure, 

air acts as the host material and all these nanotubes are standing on a 200 nm thick SiO2 layer 

deposited on a Si wafer. These nanotubes act as a two‐level hydrogen gas sensor as these tubes not 

only show a wavelength shift after exposing to the hydrogen gas but also a significant decrease in the 

reflectance intensity measured using a variable angle ellipsometer. The scanning electron microscopy 

(SEM) image of the AZO nanotubes and the gas sensing results are shown in figure 1. The sensor 

exhibited a permanent hysteresis and is not reusable. But its low‐response time even for low 

concentration, a high figure of merit, a large area and reliability make these tubes one of the 

promising H2 gas sensors for industrial applications.  

Figure 1. (a) SEM image of the AZO nanotubes is shown here; Inset shows the magnified images of the nanotubes. (b) 
Wavelength shift and (c) intensity change during different concentration of gas flow. (d) Gas sensing results for 4% H2 gas 
flow after 10 minutes. Here the initial 1111 nm mode (black curve) is seen to be shifted to 1124 nm (red curve) after 4% 
H2 gas flow.  
 

 [1] R. Pitts, P. Liu, S‐H. Lee, E. Tracy, Interfacial Stability of Thin Film Hydrogen Sensors, Proceedings of the 

2001 DOE hydrogen program review, 2001. 
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Oxygen plays a pivotal role in most biological systems as final electron acceptor and it is known to 

regulate many of the important metabolic pathways. Its involvement in cancer metastasis and 

neoangiogenesis emphasizes on requirement of more precise dissolved oxygen sensors.1 

Fluorescence based sensing of oxygen in 3D culture systems is still not fully explored and there is 

plenty of need for development due to increasing popularity of 3D culture systems due to their 

resemblance with in vivo conditions. Past reports have shown use of PDMS based particles, where 

the heterogeneous distribution of dye molecules and polydisperse particle size was a concern.2 Here 

we have developed a silica‐pdms composite microparticles encapsulating Ru(dpp) dye that can sense 

dissolved oxygen in a ratiometric fashion. The composite microparticles synthesized here allow 

diffusion of oxygen molecules towards the entrapped Ru(dpp) dye molecules making them responsive 

towards change in dissolved oxygen concentration in the surrounding volume, in addition the 

entrapment of the dye ensures stable fluorescence output without loss of dye molecules overtime. 

The method of synthesis of these microparticles is very simple and allows formation of highly 

monodispersed particles with different sizes. In addition to ratiometric method for analysis, these 

particles can also be used by utilizing fluorescence lifetime analysis. Thus, it can also be used to 

precisely sense the oxygen using a FLIM based setup. Sensing cellular microenvironment in 3D cell 

culture hydrogel systems will also be studied with in depth data analysis to map the oxygen 

concentration in 3D coordinates. 

The research leading to these results received funding from the European Research Council (ERC) 

under the European Union's Horizon 2020 research and innovation programme (grant agreement No 

759959, ERC‐StG “INTERCELLMED”). 

 

 

Bibliography  
[1] Wang, X.; Wolfbeis, O. S. Optical Methods for Sensing and Imaging Oxygen: Materials, Spectroscopies and 

Applications. Chem Soc Rev 2014, 43 (10), 3666–3761.  

[2] Acosta, M. A.; Ymele‐Leki, P.; Kostov, Y. V.; Leach, J. B. Fluorescent Microparticles for Sensing Cell 

Microenvironment Oxygen Levels within 3D Scaffolds. Biomaterials 2009, 30 (17), 3068–3074. 

… 

 

 

  

 

 

  



 

 

September 23-25 Hotel Le Dune – Sabaudia (Italy) 

NYM4 - 4th Nanotec Yearly Meeting  
Poster Title: SMILE - A SAW-MIP Integrated device for oraL cancer Early detection   

Coordinator: CNR NANOTEC: Maria Serena Chiriacòa,  

Partner: STMicroelectronics s.r.l.: Francesco Ferraraa,b,  

co‐authors: Giuseppe Maruccioc, Silvia Rizzatoc, Elisabetta Primiceria, Antonio Turcod, Sophia 

Zoupanoua,c  

aCNR NANOTEC Istituto di Nanotecnologia Lecce, via per Monteroni, 73100 Lecce 
bSTMicroelectronics S.r.l. Lecce 

cUniversità del Salento, Dipartimento di Matematica e Fisica, via per Monteroni, Lecce 
d Institute of Experimental Neurology, Division of Neuroscience, San Raffaele Scientific Institute, 

20132 Milan, Italy 

 

Head and neck cancers represent the 6th most common type of cancer in Europe with around 150,000 

new patients per year. Despite its severity and increasing prevalence, there is little awareness of this 

pathology. The most common cancer in the head and neck region is the Oral Squamous Cell 

Carcinoma (OSCC), which refers to cancer at the border of lips, palates or at the posterior of the 

tongue. Tobacco and alcohol consumption, together with oncogenic viruses (like HPV or EBV) are 

known as risk factors. At the early stages, there is an 85% survival rate but curable lesions are 

asymptomatic[1]. Thus, to prevent poor outcome (now the 60% of late‐stage diagnosis), early 

detection is crucial. 

To improve the quality of diagnostic and prognostic early screening, and their compliance for a large 
cohort of patients, some biomarkers from body fluids have been identified. Among these, salivary 
cytokines may be used as markers for cell proliferation, being involved also in inflammatory 
mechanisms which play a key role in different stages of carcinogenesis[2]. In particular, interleukin‐
10, is gaining particular interest as its concentration increases in saliva from patients with oral cancer 
(also at initial stage) and for the obvious ease of collecting samples. 
Going in this direction, SMILE project (CNR NANOTEC and STMicroelectronics are main partners) will 

develop a diagnostic tool for the on‐chip analysis of saliva, based on (i) innovative high‐sensitivity 

detection method[3], (ii) smart materials mimicking biological capture probes[4] and (iii) label‐free 

detection of selected biomarkers. Specifically, the proposed platform is based on electrosynthesized 

Molecularly Imprinted Polymers working as synthetic receptors for interleukin‐10, integrated with 

Surface Acoustic Wave transducers. The device will be realized as a compact, simple and low‐cost 

microfluidic platform[5] that may be used, for example by physicians or dentists, with minimal 

training. 

 

1. Gupta, B., N.W. Johnson, and N. Kumar, Global Epidemiology of Head and Neck Cancers: A 
Continuing Challenge. Oncology, 2016. 91(1): p. 13‐23. 

2. Cheng, Y.S.L., T. Rees, and J. Wright, A review of research on salivary biomarkers for oral 
cancer detection. Clinical and Translational Medicine, 2014. 3: p. 10. 

3. Chiriacò, M.S., et al., Optimization of SAW and EIS sensors suitable for environmental 
particulate monitoring. Microelectronic Engineering, 2018. 

4. Iskierko, Z., et al., Molecularly imprinted polymer based extended-gate field-effect transistor 
chemosensors for phenylalanine enantioselective sensing. Journal of Materials Chemistry C, 
2017. 5(4): p. 969‐977. 

5. Chiriaco, M.S., et al., Fabrication of interconnected multilevel channels in a monolithic SU-8 
structure using a LOR sacrificial layer. Microelectronic Engineering, 2016. 164: p. 30‐35. 

 

  



 

 

September 23-25 Hotel Le Dune – Sabaudia (Italy) 

NYM4 - 4th Nanotec Yearly Meeting  
Single Cell Nanobiopsy with Nanopipettes 

Diego Coglitorea, Giacinto Scolesea 

a CNR Nanotec, Lecce, 73100, Italy 

 

 

Nanopipette technology has demonstrated to be a label‐free biosensor capable of identifying proteins 

and sequencing DNA. One of the main benefits is the precise manipulation of the nanosensor with 

submicron accuracy, making it suitable for single‐cell dynamics studies1. The nanopipette can include 

specific recognition elements for analyte discrimination based on size, shape, and charge. The 

interaction of biomolecules with the nanopipette pore inserted in the cell causes two kind of events: 

temporary blockage of the electrical output due to molecular translocation through the nanopipette 

and/or permanent blockage resulting from the binding of the biomolecules to the nanopipette tip. 

The electrical changes can be detected with simple electrochemistry without the need for labelling 

the molecule of interest2. 

We aim to take advantage of the potential of nanopipettes as a non‐destructive, label‐free, analytical 

tool for a continuous monitoring of single living cells to identify potential biomarkers. Immobilizing 

antibodies on the inner wall of the nanopipette3, we will monitor the electrical changes caused by the 

binding of the biomolecules with the antibodies. Moreover, we will use this tool for localized injection 

and extraction of cellular content4. 
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BULLKID is an R&D project on a new cryogenic particle detector to search for rare low energy 
processes such as low‐mass dark matter and neutrino coherent scattering off nuclei. The detector 
unit we are designing consists in an array of around 100 silicon absorbers sensed by phonon‐
mediated, microwave‐multiplexed Kinetic Inductance Detectors (KIDs), with energy threshold below 
100 eVnr and target mass around 30 g. The single detector unit will be engineered to ensure a 
straightforward scalability to a future kg‐scale experiment. In this poster I will describe the proposed 
technology and the prospects of the project. 
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Glioblastoma (GBM) cells migrate directionally in response to many extracellular cues including 

chemical gradients (chemotaxis)[1], topography [2], mechanical forces (mechanotaxis/durataxis) [3], 

and electrical fields (EFs) (electrotaxis/galvanotaxis) [4]. The GBM microenvironment is, however, 

complex. GBM migration may therefore involve the integration of several relevant factors that co‐

exist in the microenvironment. Electric fields have long been suggested to be a candidate directional 

signal for cell adhesion and migration, in development, wound healing, and regeneration. The 

mechanisms used by cells to sense the weak direct current (DC) EFs, however, still remain very poorly 

understood. We have previously shown a significant influence of the role of mechanotactic cues on 

GBM cell motility. By using DC fields, in order to mimic the in vivo environment, our aim is to stimulate 

and record the response of cells to different mechanical environments in the presence of electric 

fields. Preliminary results showed the effect of the substrate stiffness which enhances those induced 

by the electrotactic cues. We have also observed a change in calcium concentration within the cell 

correlated to cellular motion and different stiffness. Together, these results indicate that a common 

signaling pathway is responsible for cathode‐directed cellular galvanotaxis and holds the promise to 

render further understanding of the cellular interaction with DC electric fields. 
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Electrochromic devices (ECDs) represent one of the most promising energy saving and solar control 
technology for the market of energy‐efficient building and advanced optoelectronic devices. 
However, a A continuous and intense effort is devoted to the development of effective solid‐state 
systems and the adoption of low‐cost manufacturing methods in order to achieve a full technological 
maturity and widespread market diffusion. Here, we first report on the development of full solid‐state 
hybrid ECDs based on highly interconnected WO3 columnar nanostructures with Nafion polymer 
matrix, demonstrating how the rational design of advanced electrolyte/electrode–electrochromic 
interface (EEI) remarkably decreased decreases the charge transport barrier thus determining an 
impressive improvement of overall device performances. Interestingly, it was found that the soft 
polymer substrate of Nafion affectsed the WO3 growth by vacuum‐ deposition WO3 growth, playing 
a key role on the formation of WO3 pillar‐like structures and hybrid WO3‐Nafion layer with increased 
interfacial contact area as confirmed by XPS in depth profiles and morphology analysis. Apart from 
providing elevated higher aesthetics, the resulting device, entirely manufactured at room 
temperature on a single substrate by bottom‐up process, exhibitsed lower activation voltages and 
faster switching kinetics compared with the corresponding ECDs based on both bulk and mesoporous 
WO3 films. By combining a comprehensive EIS analysis with electro‐optical studies, we provide 
insights into the main parameters affecting the charge‐transfer dynamics, focusing particularly on the 
proton conductivity and diffusivity within WO3 layers, as well as on the variation of optical density 
responses. With respect to highly porous WO3 films prepared by sol‐gel templating approaches, the 
hybrid WO3‐Nafion‐based ECD showed higher proton mobility and diffusion coefficients, i.e. 3.92 x 
10‐8 cm2 s‐1, thus corroborating the results on its superior device performances. Furthermore, the 
enhanced EEI enablesd the scale‐up on large area and flexible substrate ensuring simultaneously a 
wide optical contrast and high coloration efficiency. 
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Circularly polarized light is central to many photonic technologies, including circularly polarized 

ellipsometry‐based tomography,[1,2] optical communication of spin information,[3] quantum‐based 

optical computing and information processing.[4,5] The development of these technologies requires 

the realization of miniature, integrated devices capable of detecting the chirality or handedness of 

circularly polarized light.  

Here, we present the first circularly polarized light‐detecting phototransistor based on 3D chiral 

metamaterial. It  combines helical shaped 3D nanostructures[6] able to highly select the handedness 

of incident circularly polarized light and amorphous silicon working as highly efficient 

photoresponsive semiconducting material in the visible range. Recently, Yang et al.[7] reported 

circularly polarized light‐detecting transistors based on organic thin film composed by chiral 

semiconducting molecules known as helicene.[8] The quantum efficiency of these devices was very 

poor (0.1%), due to weak coupling of chiral organic thin films dipole moments with an external light 

field. To overcome such limitations, we propose an innovative backgated field‐effect phototransistor 

architecture consisting of 3D metal or dielectric nanohelices fabricated on the active semiconducting 

layer. In particular, the optimized amorphous silicon layer was first deposited on oxidized doped 

silicon wafer working as backgate; after, source and drain metal contacts were defined providing a 

bottom gate top contact transistors. The growth of 3D helices on the semiconducting layer was 

carried out by focused ion beam‐induced deposition (FIBID). Finally, photocurrent measurements 

were performed in order to evaluate the photoresponsivity to left‐ and right‐handed circular polarized 

incident light. 
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Amyotrophic Lateral Sclerosis (ALS) is a fatal neurodegenerative disease characterized by progressive 

loss of the upper and lower motor neurons. The presence of ubiquinated/hyperphosphorylated TAR 

DNA binding protein 43 (TDP 43) aggregates in the cytoplasm of neurons and glial cells is a 

pathological characteristic of ALS. The role of TDP‐43 as a neurotoxicity trigger has been largely 

investigated in vitro and in vivo [1] and TDP‐43 dysfunctions have been associated with the 

impairment of numerous cell process. However, until now, the exact TDP‐43‐related 

pathomechanisms are far from being elucidated. Moreover, considering the low predictivity of animal 

models in the research of neurodegenerative diseases, the development of new approaches and tools 

has become essential. The rising technology of Organ‐on‐Chip (OoC) could be useful for a better 

understanding of the pathogenic mechanisms involved in ALS towards the development of patient‐

specific treatments. OoC platforms [2,3] are microengineered systems that aim to replicate key units 

of living organs and organisms, and in particular to reproduce higher‐order anatomical and functional 

features. 

Microfluidic multi‐compartmentalized devices, showing different perfusable compartments (500 µm 

wide, 6 mm long) with distinct inlets and outlets, but interconnected through a series of narrow 

microchannels (2.5‐10 µm wide, 250 µm long), were fabricated by SU‐8‐based multi‐level optical 

lithography and PDMS replica molding. Several geometrical features, microfluidic setups and coating 

materials were tested in order to obtain successful cell adhesion and culture conditions and favor 

intercellular interactions. As hypothesized, cells showed differences in their response to the different 

geometries. The present platform will be further utilized for more complex studies. 
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Many motile microorganisms react to environmental light cues with a variety of motility responses 
guiding cells towards better conditions for survival and growth. The use of spatial light modulators 
could help to elucidate the mechanisms of photo‐movements while, at the same time, providing an 
efficient strategy to achieve spatial and temporal control of cell concentration. Here we demonstrate 
that millions of bacteria, genetically modified to swim smoothly with a light controllable speed, can 
be arranged into complex and reconfigurable density patterns using a digital light projector. We show 
that a homogeneous sea of freely swimming bacteria can be made to morph between complex 
shapes. We model non‐local effects arising from memory in light response and show how these can 
be mitigated by a feedback control strategy resulting in the detailed reproduction of grayscale density 
images. 
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The spread of neurodegenerative diseases, such as Alzheimer's disease, Parkinson's disease, 

amyotrophic lateral sclerosis, multiple sclerosis and Huntington's disease, represents one of the most 

prominent health problems worldwide. Recently, there was a growing interest in high‐resolution 

imaging techniques for the identification of several pathological markers, signaling the presence of 

neurodegenerative diseases. Within this framework, we developed a multidisciplinary network 

between X‐ray advanced imaging techniques, functional magnetic resonance imaging and new 

algorithms to develop a solid multimodal method for pre‐clinical research. This will allow for a direct, 

quantitative estimation of important morphological and topological parameters characterizing the 

vascular and neuronal networks in the spinal cord (SC). In particular, the 3D SC geometry obtained 

using Synchrotron X ray Phase Contrast u‐Tomography, in combination with specifically designed 

algorithms, will tackle the study of the SC vascular and neuronal networks, which together contribute 

to the blood oxygenation level dependent (BOLD) signal in functional Magnetic Resonance Imaging 

(fMRI). This will greatly aid the regular application of SC fMRI in the clinical practice, e.g., for the early 

identification of SC injuries and neurodegenerative diseases. 
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The attractive optoelectronic properties of hybrid halide perovskite have revolutionized the field of 

photovoltaics, showing high power conversion efficiency (PCE) competing with silicon and thin film 

technologies [1]. High reproducibility and stability to temperature, illumination and ambient (oxygen, 

moisture) over operational time via low‐cost and large area fabrication technology are currently 

object of study towards photovoltaic market demands [2]. The most widely used deposition method 

to obtain a high quality perovskite film requires the dripping of a non‐solvent in the last stage of spin‐

coating that strongly limits the up‐scaling. Our work aims at developing a general method to control 

the deposition and crystallization processes of perovskite active layer. In details, we used starch 

biopolymer additive as rheological modifier to tune the viscosity of MAPbI3 based perovskite 

precursor solutions and to develop stable inks that can be simply deposited in a single coating step at 

mild‐temperature, without the use of toxic solvents. Thanks to its organic polymeric nature and to 

the non‐covalent interactions between adjacent chains, starch confers superior flexibility 

moisture/thermodynamic stability to perovskite‐starch final films, whilst maintaining transport 

properties suitable for devices. The performance of the as‐made biopolymer‐perovskite composite 

was explored in a solar cell device by achieving PCE up to 17% and very high Voc of 1.07 V, together 

with improved moisture stability, more than 800 h stored in humid environment (50%), and resistance 

to bending stress. Moreover, it is worth to highlight how transmittance and thickness of the 

composite films can be simply adjusted by varying the perovskite inks viscosity with starch, 

envisioning the future implementation of such hybrid perovskite composites in printing technology 

and in different optoelectronic devices [3]. 
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Many motile microorganisms react to environmental light cues with a variety of motility responses 
guiding cells towards better conditions for survival and growth. The use of spatial light modulators 
could help to elucidate the mechanisms of photo‐movements while, at the same time, providing an 
efficient strategy to achieve spatial and temporal control of cell concentration. Here we demonstrate 
that millions of bacteria, genetically modified to swim smoothly with a light controllable speed, can 
be arranged into complex and reconfigurable density patterns using a digital light projector. We show 
that a homogeneous sea of freely swimming bacteria can be made to morph between complex 
shapes. We model non‐local effects arising from memory in light response and show how these can 
be mitigated by a feedback control strategy resulting in the detailed reproduction of grayscale density 
images. 
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Self‐propelled bacteria can be integrated into synthetic micromachines and act as biological 

propellers. So far, proposed designs suffer from low reproducibility, large noise levels or lack of 

tunability. Here we demonstrate that fast, reliable and tunable bio‐hybrid micromotors can be 

obtained by the self‐assembly of synthetic structures with genetically engineered biological 

propellers[1]. The synthetic components consist of 3D interconnected structures having a rotating 

unit that can capture individual bacteria into an array of microchambers so that cells contribute 

maximally to the applied torque. Bacterial cells are smooth swimmers expressing a light‐driven proton 

pump that allows to optically control their swimming speed. Using a spatial light modulator, we can 

address individual motors with tunable light intensities allowing the dynamic control of their 

rotational speeds. Applying a real‐time feedback control loop, we can also command a set of 

micromotors to rotate in unison with a prescribed angular speed. 
 

[1] G. Vizsnyiczai Nature Communications 8, Article number: 15974 (2017) 
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Dielectric chiral nanostructures applied to MetaMaterials (MMs) and Photonic Crystals (PhCs) are 

currently subject of intense research in the nanophotonic eld. 

Dielectrics distinguished from their plasmonic counterpart because of lower absorption, stronger 

light‐matter interaction, higher refractive index and larger angular tolerance [1]. Further, the chiral 

property, i.e. the absence of mirror symmetry, drives the optical resonances of the medium by the 

circular polarization of incident light.  

Depending on their geometrical features, the operation of periodic arrays of dielectric nanostructures 

ranges from regions governed by Bragg resonances (when the wavelength of the incident light is 

comparable to the lattice constant of the array), to the ones governed by the scattering of the single 

nanostructure (in sub‐wavelength conditions), and to intermediate ones characterized of mixture 

between these two modes [2]. 

In this work we realized periodic arrays of 3D carbon nano‐helices for nanophotonic devices made by 

focus ion/electron beam induced deposition (FIBID/FEBID) techniques (Figure 1). Thanks to these 

techniques, extremely and tunable complex geometries can be performed with great accuracy at the 

nanoscale enabling effective light polarization manipulation in the VIS range and large chiro‐optical 

effects together with effective dimensional structures control [3].  

We demonstrated the possibility to widely tailor helical dielectrics optical properties evaluating their 

optical response by varying geometrical arrangement and density of the unitary cell. Moreover, the 

versatility of the technique allows in principle to modify the structural parameter, thus the realization 

of different geometrical arrangement from chiral photonic crystal‐like, to metamaterial‐like 

structures across intermediate regions between them, opening the way to new technological 

applications in the nanophotonic field. 
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Two‐dimensional transition metal dichalcogenides (2D‐TMDs) are at the forefront of materials 

science innovation holding great promise for next‐generation semiconductor devices.1 Composition, 

thickness, structure and surface chemistry of 2D‐TMDs affect their optoelectronic properties, 

providing opportunities to design semiconductor materials engineered towards specific 

applications.2–4 Engineering physicochemical properties of 2D‐TMDs by surface manipulation is 

essential for their practical and large‐scale application especially for colloidal 2D‐TMDs that are 

plagued by the unintentional formation of structural defects during the synthetic procedure. 

However, the available methods to manage surface states of 2D‐TMDs in solution‐phase are still 

limited hampering the production of high quality colloidal 2D‐TMD inks to be straightforwardly 

assembled into actual devices. Here, we demonstrate an efficient solution‐phase strategy to passivate 

surface defect states of colloidally synthesized WS2 nanoflakes with halide ligands, which results in 

the activation of the photoluminescence emission.5 Photophysical investigation and density 

functional theory calculations suggest that halide atoms enable the suppression of non‐radiative 

recombination through the elimination deep gap trap states, and introduce localized states in the 

energy band structure from which excitons efficiently recombine. Halide passivated WS2 nanoflakes 

importantly preserve colloidal stability and photoluminescence emission after several weeks of 

storing in ambient atmosphere, corroborating the potential of our developed 2D‐TMD inks. 
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From the biomedical point of view, a spinal cord injury (SCI) represents an extreme case of tissue 

alteration, characterized by inflammatory processes that contribute the most to morphological 

changes in the affected areas. 

A promising strategy to discriminate between healthy and diseased tissues is based on the assessment 

of their degree of complexity, as intended by fractal theory. A possible definition of complexity is 

indeed based on the concept of fractal dimension (FD), a geometric, non‐integer shape descriptor 

that can be used instead of traditional morphometric measures based on Euclidean geometry. 

In this work, we propose to apply FD analysis on X‐ray Phase‐Contrast Tomography images [1]  of a 

SCI mouse model, aimed at identifying reasonable parameters that, together with appropriate 

analysis protocols, should be helpful for discriminating between diseased and healthy tissues. 

Using the box‐counting method on tomographic slices segmented at different threshold levels 

(spanning the entire range between 0–1), the local FD was assessed within the entire imaged volume 

[2]. Interestingly, we found an increased FD value in the ipsilateral injured hemicord compared with 

the contralateral uninjured tissue, almost independent of the chosen threshold.  

The increase in FD for injured tissue of the spinal cord suggests substantial structural changes taking 

place following the injury. 

In order to validate our approach, we also investigated how common image processing techniques 

affect FD, by applying a Gaussian normalization to our images. Interestingly, FD estimates did not 

significantly change in the normalized images. This suggests that FD analysis is a rather robust method 

for characterizing tissue’s alterations. 

The obtained results validate FD analysis as a very promising method to identify alterations inside a 

biological tissue, of great potential interest for future preclinical applications. 
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Organoid systems represent an alternative approach for studying human organism and for the 

description of human tissues and diseases (1), allowing the development of targeted and personalized 

therapies for individual patients (2).These systems allow the study of tumour microenvironment 

through the use of 3D supports such as hydrogels that imitate the stroma of the original tumour. 

Objective of this work was to develop thermo‐reactive injectable hydrogels based on naturally 

derived polymers such as chitosan (cationic polysaccharide) and pectin (excellent vegetable anionic 

polymer), which interact to form polyelectrolyte complexes (3).The hydrogels were prepared by 

solubilising CH pw (3.33% w/v) in a HCl solution (0.1M) and PEC pw (3.33% w/v) in D.I. water at RT. 

The two solutions were mixed then incubated in the oven at 37°C to facilitate the sol‐gel transition.  

The addition of appropriate concentrations of gelling agents (GAs) like  βετα‐glycerophosphate, 

sodium hydrogen carbonate, phosfate buffer and of DMEM to simulate cell encapsulation, increased 

the pH of the system up to the physiological value without altering hydrogel injectability. Preliminary 

injection and inversion tube tests allowed the selection of GA combinations and concentrations able 

to confer the sol‐gel transition at 37°C. The novel composite hydrogel formulations of CH and PEC (i) 

are viscous but injectable at RT (23 G needle), (ii) gel after 2h of incubation at 37°C (iii) and have pH=7. 

Stability and swelling tests revealed that the hydrogels are stable in weight up to 7 days and are able 

to retain high water amount. Compositional analyses through FT‐IR, mechanical properties evaluation 

by compression tests and rotational rheometer and indirect cytotoxicity tests to verify the 

biocompatibility of the system, are in progress. 
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Wearable electronics are attracting considerable attention because they offer the possibility to 
combine real‐time communication with portability.1 In particular, fabric is one of the most attractive 
candidate for the implementation of wearable electronic devices thanks to the opportunity to realize 
more stylish and functional clothes. 
Different kind of smart devices can be integrated with fabric such as displays, sensors, batteries, solar 
cells etc. Among all, display and lighting devices act on the visual communication channel that is very 
direct and effective. 
Organic light emitting diodes (OLEDs) with their flexibility and lightness are the best solution to 
achieve electroluminescent textile. The surface roughness of fabrics is actually the major challenge 
and the planarization process is fundamental to avoid short circuits and to ensure a uniform device 
with good performances.2 
In this contest, we present an easy planarization process based on a doctor blade like deposition of 
commercial available UV and thermo‐curable resins. The planarized fabrics show a roughness of few 
nanometers that is suitable for the realization of OLED device. Moreover, the used resins are resistant 
to common organic solvents and so they are compatible with solution based electronic devices. 
Preliminary results will be reported about the realization of OLED devices on top of the planarized 
fabrics by using both thermal evaporation and spin coating deposition techniques towards the 
development of all printed OLED fabrics. 
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Cork is the bark of an oak tree (Quercus suber L.), which grows mainly in southern Europe.  

It has a very porous structure, consisting of hexagonal cells; moreover, it possess a hierarchical 

porosity. These features make it a very suitable template agent for the fabrication of 3D porous 

scaffolds or as reinforcement in composites.  

Generally the template agents used are oil‐derived synthetic polymers. The idea of the HApECOrk 

project is the replacement of such synthetic template agents with cork, a natural, renewable and 

sustainable materials. Moreover, if cork is converted to graphitic carbon, it can be considered a 

cheaper and more sustainable alternative to expensive materials, such as carbon nanotubes.  

In our work cork was first converted into graphitic carbon through a pyrolysis process; it was then 

used as such to make composites or infiltrated with suitable chemical precursor(s). In this second 

case, it was successively converted into the desired ecoceramic through  an appropriate thermal 

treatment. 

Two applications fields were explored in this project: biomedical and environmental. 

In biomedicine, cork has been used as template agent for the synthesis of hydroxyapatite, to 

manifacture a highly porous scaffold; moreover, pyrolysed cork was also employed as the 

electroactive component in a chitosan scaffold for tissue engineering applications.  

For the enviromental applications, the pyrolysed cork was infiltrated with magnetic iron oxide 

nanoparticles or included in a polydimethylsiloxane (PDMS) for the remediation of oil contaminants 

present in various aqueous systems. 

This work shows the potential of cork, a natural material which could effectively replace less 

sustainable compounds, for several technological applications.  
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Alzheimer's disease, Parkinson's disease, Amyotrophic Lateral Sclerosis (ASL), frontotemporal 
dementia and the spinocerebellar ataxias. Effective treatments need both an understanding of the 
causes and mechanisms of each disease and specific biomarkers for early diagnosis. Amyotrophic 
Lateral Sclerosis (ALS) is a fatal progressive disease characterized by a progressive degeneration of 
motor neurons. So far, no effective treatment for ALS is available. In addition, suitable biomarkers as 
well as ultrasensitive, user‐friendly technological platforms for early diagnosis, within the range of 
<10‐15 M in plasma/serum, are still unavailable. Electronic biosensors based on AlGaN/GaN High‐
Electron‐Mobility Transistors (HEMTs) represent a promising technology for early detection of blood 
biomarkers related to distinct pathological steps in ALS: neurofilament heavy and light chains 
(pNfH/pNfL), the p75 neurotrophin receptor (p75NTR), brain‐enriched and inflammation‐associated 
miRNAs in a Lab‐on‐Chip platform. AlGaN/GaN‐based heterostructures show unique electronic 
properties: they are chemically inert and thermally stable [Annu. Rev. Anal. Chem. 2015. 8:149–69] 
biocompatible [Acta Biomaterialia 8 (2012) 728–733] and show excellent sensitivity due to 
piezoelectric and spontaneous polarization, which leads to high mobility and density of two‐
dimensional electron gases (2DEG) at the interface of heterostructures. Binding between a probe and 
the target analyte (biomarker) at the gate region of the device causes specific variation of the 
electrical characteristics on the transistor. This work reports on the development of arrays of HEMTs 
with properly engineered patterns for direct biomarker detection in a physiological environment, 
without dilution, washing and reference electrode. 
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The emerging organ‐on‐chip technology is an interesting option for 2D culture models. However, to 
faithfully reproduce cell‐cell interactions that occur in vivo, 3D models capable of imitating tissue 
architecture are mandatory. Injectable hydrogels, based on naturally derived polymers, are promising 
biomaterials for extracellular matrix (ECM) modelling within 3D organ‐on‐chip platforms. This study 
focuses on the development of injectable thermo‐responsive chitosan‐based hydrogels to model the 
ECM of the nervous system able to supply cells and biological signals within 3D‐on‐chip organs, useful 
for understanding the pathogenetic mechanisms involved in ALS and hopefully making a step forward 
towards patient‐specific diagnostic tools. 
Chitosan (CH) hydrogels were prepared using three different gelling agents (GA): namely phosphate 
buffer (PB), sodium hydrogen carbonate (SHC) and L‐arginine (ARG) [2]. CH powder (3.33% w/v) was 
dissolved in hydrochloric acid (0.1MHCl) with magnetic stirrer for 24h at RT. Hydrogels were prepared 
by mixing the CH solution with GA solutions in a 3:2 ratio by two syringes joined by a Luer Lock 
connector. Samples were then incubated in oven at 37°C in order to promote sol‐gel transition. The 
influence of GAs on hydrogel gelling kinetics, injectability, swelling and stability properties was 
studied. The mechanical properties were analyzed using a rotational rheometer and compression 
test. Indirect cytotoxicity tests were performed in vitro using a human neuroblastoma cell line. The 
tube inversion test allowed to select the GA mixtures and the concentrations able to confer 
thermosensitive sol‐gel transitions. The stability test was conducted up to 34 days showing a good 
stability of the selected hydrogels. Finally the cytocompatibility tests showed that the developed 
hydrogels are highly biocompatible. 
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Organic and perovskite solar cells are particularly interesting photovoltaic technologies as potential 

competitors over the traditional silicon‐based photovoltaic devices, whose diffusion has been limited 

by the high costs of production. The integration of plasmonic nanoparticles in solar cells is an effective 

and versatile method to enhance their light trapping ability, exploiting plasmonic effects such as light 

scattering and near‐field enhancement, without the need to increase the thickness of the active layer. 

The synthesis of  suitable anisotropic gold nanoplates was carried out with the aim of integrating them 

in organic and perovskite solar cells to test their effects on the properties and performances of the 

devices. The choice of this kind of nanoparticles derives from their particular plasmonic properties 

and from the possibility to incorporate them in the devices without affecting the morphology of the 

multilayer thin film structures of the devices. As it will be shown, this allows an enhancement of the 

performances of P3HT:PCBM bulk hetero‐junction based organic cells and of inverted perovskite solar 

cells based on CH3NH3PbI3‐xBrx. 
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Recent evidences demonstrate that 3D systems with interconnected and continuous pores play an 

important role in tissue engineering researches [1]. The spatial distribution of the pores can 

contribute to modulate the mechanical, biological and chemical functions of a scaffold. Thus, there is 

an imperative need for reproducible and fabricable scaffold design with controllable and functional 

gradient porosity. An interesting approach which can lead to develop a 3D porous scaffold with 

controllable mechanical properties similar to those of in vivo tissues is the so‐called emulsion 

templating technique. In this framework, we have developed a new synthetic methodology to 

produce highly porous polydimethylsiloxane (PDMS). The resulting scaffold is a synthetic highly 

porous material prepared by the polymerization of high internal phase emulsions (HIPEs). Previously, 

the same procedure has been used by Przyborshi research group [2] to prepare highly porous foam, 

starting from styrene/divinybenzene for the synthesis of polystyrene[3‐4]. However these scaffolds 

have defined rigidity which cannot be modulated. We have improved this synthetic technique 

adapting it to PDMS. The choice of suitable solvent, the relative molar ratio of the reagents, the 

temperature and the reaction time are the parameters suitably changed in order to improve the 

properties of reaction of the porous PDMS product. Moreover, the choice of solvent for the PDMS  

monomer precursors,  is an important parameter. Thus highly porous and permeable PolyHIPE foam 

materials were obtained by leading the polymerisation in a hydrophobic / water emulsion phase. The 

porous PDMS are characterized by microscopy technique and water contact angle measurements. 

The SEM images of HIPE‐PDMS reveal the presence of a highly porous structure. The advantages of 

our PDMS HIPEs compared to other foam‐like synthetic materials are in its highly flexible mechanical 

characteristics. 
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Organometal halide perovskites have revolutioned the field of optoelectronics during the past 10 

years. Today’s best perovskite solar cells (PSC) use a mixture of formamidinium (FA), 

methylammonium (MA), and cesium (Cs) as a monovalent cations[1, 2]. The resulting triple‐cation 

perovskite compositions enables more reproducible and stable device performances over time. 

However, it is commonly accepted in the scientific community that the complex precursors solution 

needs to be freshly prepared and readily used to avoid undesirable, and not well understood so far, 

decrease of device performances[1]. Nuclear Magnetic Resonance (NMR) spectroscopy is a key tool 

to investigate the solution chemistry of the perovskite precursors.[3, 4] Here, through this technique, 

we unravel an unexpected reactivity between MA and FA in solution leading to the formation of the 

new species (N‐methyl‐formamidinium). We explore different experimental conditions that deeply 

modify the reaction kinetics and we correlate the presence of the new species with the performances 

of PSCs in inverted architecture, fabricated from precursor solutions at different aging times. The 

relationship between the solution chemistry and the optoelectronic properties of the final devices 

allows to draw up a guideline for the stabilization over time of the precursors solution with the aim 

of optimizing the fabrication of high performing PSCs. 
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