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Circular Materials for the Energy Transition 

Anke Weidenkaff 

Fraunhofer IWKS and Technical University of Darmstadt 

Green energy conversion technologies require green materials. The development of new 
recyclable materials has to base on sustainability and performance criteria defined by a holistic life 
cycle assessment. The implementation of intelligent green chemistry for synthesis and scalable 
production processes from secondary raw materials will be based on profound knowledge on 
composition-structure -property relationship. An efficient circularity of the energy converters with 
a programmable lifetime will be introduced as a suitable approach in this talk. The design of 
circular high performance materials is based on theoretical predictions and the criticality analysis 
of applied elements to improve the cycle life of future energy converters such as batteries, fuel 
cells, electric motors, generators and solar cells.  

 

Introduction to Atomistic Machine Learning 

Michele Ceriotti 

EPFL Losanna 

I will provide a brief, pedagogic overview of the use of ML in the context of atomistic simulations, 
in chemistry, physics and materials science, discussing the different classes of ML approaches 
(supervised, unsupervised). I will then discuss specific considerations that apply to their 
application to atomic-scale systems, particularly with respect to the problem of translating the 
Cartesian coordinates of the atoms into a more symmetric, yet complete, representation of the 
geometry. I will then show a few applications to problems as diverse as the growth of III-V 
semiconductors and the behavior of matter in extreme, giant-planed conditions. 

 

Part A: Hybrid halide perovskite: a playground for material science 

Part  B: Does photovoltaic mean black ? 

Frédéric Sauvage 

Laboratoire de Réactivité et Chimie des Solides CNRS Amiens (France)  

The lectures will be divided into two parts. In the first part, hybrid halide perovskite solar cells 
today reached above 25 % power conversion efficiency. This high performance level, exceeding 
80% of the thermodynamic bandgap limit of the perovskite, stems from the maximization of the 
solar spectrum absorption capability and reduction of the open circuit voltage deficit through well-
adjusted interfacial band level alignment and bulk/interface defects passivation to abate non-
radiative recombination processes. However, the performance enhancement has progressed more 
rapidly than improving the stability, inhibiting the technology transfer to larger scale. Top-down 
approaches, that give further insights into the degradation pathways of the perovskite absorber 
and device stacks under operational conditions, are highly desirable to propose rational ways to 
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improve the stability at different scales from bulk and surface of the materials, interfaces, and 
finally on the entire device. Given the complexity in deciphering all possible contributions involved 
during the degradation, the first step ex situ investigations provide already relevant trends about 
material weaknesses and calls for a very rich playground for material science. In this part of the 
lecture, the problematics in terms of materials science and in situ characterization tools will be 
explored. 

In the second part, we will discuss if photovoltaic means mandatory a black module and if the 
power conversion efficiency is the only metric in the domain. For this aspect, we will discuss on 
the development of the raising field of transparent PV, which paves the way to new opportunities 
in terms of integration and new metrics such as for instance aesthetic and coloration assessment 

 

Computer Driven Material Discovery 

Gianfranco Pacchioni 

Dipartimento di Scienza dei Materiali, Università di Milano-Bicocca  

The role of computer modelling and electronic structure theory in the rationalization of material 
properties and in the design of new materials with unprecedented behaviours has grown 
continuously over the past two decades. A special role in this context is that of electronic structure 
theory approaches and multiscale modelling, where material properties are described starting 
from the very fundamental knowledge of the quantum-mechanical interaction of atoms and 
molecules in solids. The two fundamental approaches to the solution of the Schrödinger equation, 
based on wave function (e.g. Hartree-Fock and post-Hartree-Fock) or electron density (density 
functional theory, DFT) have been applied to the problem, both with advantages and limitations. 
Particular important is the identification of proper descriptors in a given class of material 
properties, and the derivation of general concepts from theoretical studies. We will discuss some 
of the basic aspects of computer driven material discovery and we will illustrate the power of this 
approach through the analysis of some selected examples. 

 

A Morphological insight in the Characterisation of Inorganic (oxidic) Materials  

Giuseppina Cerrato 

Dipartimento di Chimica. Università di Torino 

The lecture will be an approach to the morphological characterisation of inorganic (oxidic) 
materials and will be devoted to an introduction to electron microscopy (scanning and 
transmission modes) and to all the possible information that can be derived from both direct 
imaging and EDX analysis. 

 

Photochemical Properties of Oxide-based Materials 

Maria Cristina Paganini 



7 
 

Dipartimento di Chimica, Università di Torino 

Physico-chemical properties of metal oxides are strictly connected to their structure. Moreover, 
the nature of the chemical bond and consequently the iconicity of metal oxides can influence their 
reactivity and their interaction with the light. The role of the light in the formation of charge 
carriers determines the photoactivity of the materials that will have a key role in photocatalytic 
processes. 

 

An Unitary Vision of the Processes Underlying Surface Characterization Tools 

Gaetano Granozzi 

Dipartimento di Scienze Chimiche, Università di Padova 

This lesson is an introduction to the characterization tools typical of Surface Science based on the 
screening of the types of scattering process (i.e. photon/atom, electron/atom and ion/atom) 
which are underlying the different surface characterization tools (e.g. XPS, UPS, SIMS, ISS, LEED, 
Auger spectroscopy, surface X-ray diffraction...). 

 

Sustainable and low temperature wet chemistry routes for inorganic crystalline nanomaterials 

Silvia Gross 

Dipartimento di Scienze Chimiche, Università di Padova 

The lecture will provide an overview on a selection of wet chemistry routes for the low 
temperature preparation of inorganic nanocrystals, by contextualizing them in the broader 
framework of Green Chemistry. After a short introduction of the physico-chemical principles 
underpinning the different approaches, corresponding case studies will be described for each of 
the routes, by outlining pro and contra of each method. 

 

The Electrocatalytic Dark Side of Solar Fuels and Solar Chemicals 

Peter Strasser 

Department of Chemistry, Technical University Berlin  

The rising share of renewable electricity is testament to the increasing importance of solar-electric 
routes largely photo absorption or Faradaic induction to harvest sun light directly or indirectly in 
form of potential differences and free electrons. While some electricity is used directly or stored 
capacitively, an increasing portion calls for direct conversion into valuable molecular solar fuels or 
chemicals. This conversion in the dark is made possible by heterogeneous electrocatalysis on the 
surface of solid electrodes. Electrocatalysis at the electrode surface orchestrates the stepwise 
making or breaking of molecular chemical bonds by means of electronic charge transfer across the 
electrified solid electrode/electrolyte interface. Kinetic barriers of elementary reaction steps 
associated with suboptimal chemisorption or stabilization of intermediates control the efficiency 
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of the overall reaction process. Fundamental understanding of the origin of the kinetic barriers 
arising along the reaction coordinate aids in the design of more efficient, tailor-made 
electrochemical interfaces. 

In this presentation, I will report on recent advances in our understanding of “dark” 
electrocatalytic materials, interfaces and mechanisms relevant to the conversion of solar energy 
into value-added molecular compounds, using in-situ/operando X-ray spectroscopic, microscopic, 
scattering or spectrometric techniques. Examples include the electrochemistry of small molecules 
as they occur in low-temperature water electrolyzers for the generation of green hydrogen and 
emerging CO2 electrolyzers for the generation of chemicals and fuels. 

 

Challenges in Innovating Electrochemical Technologies  

Emanuele Instuli 

Industrie De Nora S.p.A 

Challenges in bringing technological innovations to the market will be presented with brief cases. 
Electrochemical industrial applications as the Chlor-Alkali and Alkaline Water Electrolysis will be 
discussed together with added values and technology constrains intrinsic to direct 
electrosynthesis. Particular focus will be given to the electrodes’ development, manufacturing 
needs for quality standard, health and safety, characterization tools and differences between 
academic and industrial perspective. 

 

Industrial Application of Photocatalytic Materials  

Giovanni Baldi 

Colorobbia Consulting S.r.l. 

Nanotechnology has numerous industrial applications in the environmental and health fields. 
Here, industrial developments of innovative systems in the field of environmental purification 
from chemical and microbiological pollutants will be presented. 

 

Cathodic materials for high performance Li-ion cells 

Mauro Sgroi 

Centro Ricerche FIAT S.C.p.A. 

Intense research effort is devoted to electrochemical energy storage systems enabling the 
widespread diffusion of electrified vehicles. Li-ion cells represent the most promising technology 
thanks to their high energy and power densities. After a general introduction to the technological 
and environmental aspects, the lecture will focus on the cathode materials, with a strong 
emphasis on the structural and electronic properties.  
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Flash Presentation 16-12-2021 

1. Actis Arianna 
2. Albanese Cecilia 
3. Andreo Luca 
4. Attia Mahmoud 
5. Barbon Federico 
6. Bartoletti Andrea 
7. Bellato Fulvio 
8. Bertani Marco 
9. Bisetto Matteo 
10. Brigliadori Andrea 
11. Bruzzese Paolo Cleto 
12. Casadio Simone 
13. Cavuoto Denise 
14. Cirignano Matilde 
15. Cossard Alessandro 
16. Crippa Martina 
17. Di Vizio Biagio 
18. Domestici Chiara 
19. Doveri Lavinia Rita 
20. Econdi Stefano 
21. Famulari Antonino 
22. Ferella Francesco 
23. Franca Marina 
24. Fraulini Francesca 
25. Freccero Riccardo 
26. Gardin Andrea 
27. Giordana Alessia 
28. Gregori Luca 
29. Gualtieri Eva 
30. Imperato Manuel 

 

Flash Presentation 17-12-2021 

1. Landrini Martina 
2. Liao Yu-Kai 
3. Liccardo Letizia 
4. Lodesani Federica 
5. Lunardon Marco 
6. Mauri Luca 
7. Mazzariol Chiara 
8. Melchiorre Massimo 
9. Messori Alessandro 
10. Mirizzi Lorenzo 
11. Nomellini Chiara 
12. Pascazio Roberta 
13. Piccinni Marco 
14. Podvorica Leonora 
15. Priola Emanuele 
16. Rebecchi Luca 
17. Renzi Emilia 
18. Ricci Marco 
19. Rizzato Lorenzo 
20. Rossi Christian 
21. Sorbelli Diego 
22. Tajoli Francesca 
23. Trotta Caterina 
24. Ventimiglia Alessia 
25. Vigarani Giulia 
26. Vomeri Alessandro 
27. Yang Jijin 
28. Zito Juliette 
29. Zollo Alessia 
30. Maria Basso 
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PORPHYRIN-BASED DYES FOR ENERGY RELATED APPLICATIONS 
Cecilia Albanese,a Gabriele Di Carlo,a Francesca Tessorea  

a Dipartimento di Chimica, Università degli Studi di Milano, UdR INSTM, via C. Golgi 19, 20133 Milano 

In the Sun Lab group in which I work, we have a great expertise in the synthesis of porphyrin-based dyes that 
can be used as sensitizer in Dye-Sensitized Solar Cells (DSSCs) and in Dye-Sensitized Photo-Electrochemical 
Cells (DSPECs). In these devices solar energy is captured by a dye and used to promote an electron to the 
excited state. These photogenerated electrons are thus injected into the conduction band of a semiconductor 
that constitutes the photoanode, and then pushed to the external circuit. Once the electrons have arrived at 
the cathode, the circuit is closed by a redox system (I2/I-) that supplies electrons to reduce the dye molecules. 
The movement of electrons into the circuit generates electricity (DSSCs);1 otherwise, changing slightly the 
device configuration, and it the presence of a proper catalyst, electrons can reduce different compounds, for 
example CO2 to CH4 or H2O to H2 (DSPECs). In this way it is possible to produce fuels that store energy inside 
their bonds for future applications in a process that is called “artificial photosynthesis”.2,3 Among light-
harvesting molecules, porphyrins are particularly promising since they present various optical transitions in 
the visible region with high extinction coefficient (Soret or B band) covering the high energy portion of the 
visible spectrum and less intense, but broader, Q bands extending to the red. Moreover, the electrochemical 
properties of porphyrins can be easily tuned by varying the peripheral substituent to satisfy specific needed. 
In Sun Lab, we are currently working on perfluorinated ZnII porphyrins with high hydrophobicity and 
sufficiently high ground-state oxidation potential, in order to drive water oxidation in DSPECs. This key 
feature can be achieved by endowing the core with electron-withdrawing groups, like fluorine indeed, able 
to induce a significant electron deficiency (Figure 1a).  

All the porphyrins presented are endowed with an electron-donating π spacer that is important to address 
the electrons generated from the core to the anchoring group, which is attached to the semiconductor. Even 
if these kind of porphyrins gave promising results in water splitting, they showed some problems with 
electrons injection.4,5 We are now trying to insert some electron donating groups in the para positions of the 
perfluorinated ring in order to balance the necessity of an electron withdrawing core (to give the positive 
shift of the anodic potential), with the presence of some electron donating groups (to promote the injection 
of the photogenerated electrons into the circuit) (Figure 1b).  

Parallel to this research line, Sun Lab is also involved in the synthesis of ZnII porphyrins used in sensors for 
the detection of Volatile Organic Compounds (VOCs) and of Fe-porphyrins that can be used as homogeneous 
catalyst for the CO2 conversion to CH4. 
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Tailoring structural and photocatalytic properties of CaCu3Ti4O12 through high 
energy ball milling 

 
A. Bartoletti a, b*, A. Gondolini a, N. Sangiorgi a, E. Mercadelli a, A. Sanson a  

 
a Institute of Science and Technology for Ceramics (ISTEC) of the National Research Council (CNR), Via Granarolo 64, 
I-48018 Faenza (RA), Italy 
b Department of Chemical Sciences, Università degli Studi di Padova, Via Marzolo 1, 35131, Padova, Italy 

* Corresponding author e-mail: andrea.bartoletti@istec.cnr.it 

 

Perovskites and their derivatives are promising photocatalytic materials due to their, structural 
flexibility, good stability, and high catalytic efficiency [1]. Compared to binary oxides, perovskite 
structures offer several advantages such as a more suitable band gap for visible-light driven reactions,
which can be easily modified altering the composition of the cationic sites of the perovskite. In these 
structures, defects like oxygen or cation vacancies play a key role in catalytic processes, promoting 
charge carrier separation or directly inducing reactions [2]. Among the different materials, 
CaCu3Ti4O12 (CCTO) double perovskite is considered a promising photoactive material due to the 
simultaneous presence of Ti4+ octahedra and square planar Cu2+, which gives a band gap >1.5 eV [3]. 
In this work, CCTO-based powders were successful synthetized through a conventional sol-gel route. 
The effect of high energy planetary milling on the structure, composition, and properties of the as-
synthesized CCTO was accurately studied and investigated. This  process induces, in fact, the 
formation of defects such as oxygen  and cation  vacancies (Cu+ and Ti 3+), without affecting the 
medium-long ra nge order of the structure . The photocatalytic activity of the CCTO was deeply
investigated and the effect of high energy ball milling treatment (GM) of the powder on the 
photodegradation of  Rhodamine B under sun light irradiation was studied as well. The CCTO-GM 
reported in this study shows promising performance for dye degradation and comparable 
photocatalytic kinetics of some commercial TiO2 photocatalysts, demonstrating the feasibility of this 
compound for photodegradation application. 

 
[1] G. Zhang et al. Chem. Soc. Rev., 2016, 45, 5951. 
[2] N. Zhang et al. J. Am. Chem. Soc. 2016, 138, 8928−8935. 
[3] J. H. Clark et al. J. Am. Chem. Soc. 2011, 133, 1016–1032. 
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Green synthesis of silver nanoparticles: antiviral and antibacterial  
nano-enabled products  

 

Andrea Brigliadoria, Ilaria Zanonia, Simona Ortellia, Magda Blosia, Anna Luisa Costaa 
a CNR-ISTEC – National Research Council of Italy, Institute of Science and Technology for Ceramics, 

Via Granarolo 64 I-48018, Faenza, RA, Italy 

 

The current COVID-19 pandemic has enlightened the need for an effective response against 
pathogenic micro-organisms. Silver is a well-known antibacterial inorganic agent that also possesses 
antiviral properties [1]. The work aims to develop novel eco-friendly synthesis of silver nanoparticles 
(AgNPs) in a safe and sustainable by design (SbD) approach offering valuable solutions in the fight 
against viruses and bacteria [2]. Low temperature and water-based synthesis have been advanced 
by using naturally derived reagents such as quaternized hydroxyethylcellulose or curcumin as a 
reducing/capping agent [3]. Easily scalable technologies such as spray coating and dip coating have 
been exploited for the deposition of nanoparticles on several substrates: polyester textiles, PMMA 
panels, and paper so achieving nano-enabled antimicrobial products applicable in sanitary clothing, 
air purifier and packaging. Biopolymer encapsulation and spray-freeze-drying (SFD) technologies are 
under investigation as well to address cosmetic and water treatment application. The antiviral 
activity has been assessed against SARS-CoV-2 (enveloped virus) and BK Polyomavirus (non-
enveloped virus), while the antibacterial activity has been evaluated against Escherichia coli (Gram-
negative) and Staphylococcus aureus (Gram-positive). A wide-ranging physicochemical 
characterisation (DLS/ELS, UV-Vis, ICP-OES, XRD, FESEM-EDX, and TEM) supported the correlation 
between synthesis parameters and biocidal activity of the products by identifying the conditions 
able to optimize the overall cost-benefit balance. 

 

Acknowledgments 

The research leading to these results has received funding from the European Union’s Horizon 2020 
ASINA (Anticipating Safety Issues at the Design Stage of NAno Product Development) n° 862444
Project (NMBP-15-2019). 
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STRUCTURE AND DYNAMICS OF COPPER SINGLE-METAL SITES IN ZEOLITES 

INVESTIGATED BY MEANS OF 17O SPIN DENSITY STUDIES    

Paolo Cleto Bruzzese,a,b Enrico Salvadori,b Stefan Jäger,cMartin Hartmann,c Bartolomeo 
Civalleri,b Andreas Pöppla and Mario Chiesab  

aFelix Bloch Institute for Solid State Physics, Universität Leipzig, Leipzig, Germany. 

bDepartment of Chemistry and NIS Centre of Excellence, Università di Torino, Torino, Italy. 

cErlangen Center for Interface Research and Catalysis (ECRC), Erlangen, Germany. 

 

Copper-exchanged zeolites have attracted the research interest in the last decades due to their incredible 

capabilities in catalysis field, ranging from NOx removal and direct conversion of methane to methanol.[1,2] 

The catalytic properties of Cu-based catalysts are strictly related to the degree of covalency of the singly 

occupied molecular orbital (SOMO) which is the key to activate electron transfer pathways,[3] enhance 

catalyst stability and stabilize intermediate species in redox reactions.[4,5] The measurement of the 17O 

hyperfine interactions provides detailed information on the nature of the Cu-O as they are a direct reflection 

of the spin delocalization over the coordinating ligands and a probe of the metal-ligand covalent character.

However, the natural abundance of 17O isotope is far lower than the value needed to detect a hyperfine 

structure. The exploitation of hyperfine techniques requires therefore the isotopic enrichment of the oxide 

solid system. By selective 17O isotopic labelling of the zeolite framework, in combination with advanced 

EPR methodologies and DFT modelling, we have retrieved the 17O hyperfine interactions associated with 

Cu-O bonds. This allows us to determine the local structure of single site CuII species, to determine the 

siting of Al in the most stable Cu coordination and to follow the dynamics of CuII species across the zeolite 

channels as a function of hydration conditions.  

 
This work is part of a project that has received funding from the European Union’s Horizon 2020 research 
and innovation programme under the Marie Skłodowska-Curie Grant agreement no. 813209. 
 

 

[1] E. Borfecchia et al., Chem. Soc. Rev. 2018, 47, 8097–8133.  

[2] M. A. Newton, A. J., Knorpp, V. L. Sushkevich, D. Palagin and J. A. Van Bokhoven, Chem. Soc. Rev. 

2020, 49, 1449–1486.    

[3] R. G. Hadt, S. I. Gorelsky and E. I. Solomon, J. Am. Chem. Soc. 2014, 136, 15034–15045. 

[4] S. Yagi et al., Nat. Commun. 2015, 6, 1–6. 

[5] H. K. Lim et al., J. Am. Chem. Soc. 2014, 136, 11355–11361. 
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    Development of highly transparent Bi4Ti3O12 thin-film electrodes for the 
photoelectrochemical reduction of CO2  

S. Casadioa,b*, A. Gondolinia, N. Sangiorgia, A. Sansona 
 
aInstitute of Science and Technology for Ceramics (ISTEC) of the National Research Council (CNR), Via Granarolo 64, 48018, Faenza, 
RA, Italy  
bDepartment of Chemical Sciences, Università degli Studi di Padova, Via Marzolo 1, 35131, Padova, Italy 
* Corresponding author e-mail: simone.casadio@istec.cnr.it 

 

Photo-electrochemical reduction of carbon dioxide can be currently considered as the most efficient 
approach for CO2 transformation into clean and storable fuels and chemicals. In a Photo-Electrochemical Cell 
(PEC) rapid spatial separation of the photo-generated carriers and their transport kinetics within the photo-
electrodes materials are fundamental to achieve high-performance devices avoiding charges recombination. 
From this perspective Aurivillius systems, thanks to their unique layered structure which allows the migration 
of photo-generated holes and electrons within different areas of the materials, represent a promising option 
as PEC electrodes, facilitating charge separation and incrementing cells efficiency. Among the different 
Aurivillius compounds, bismuth titanates such as Bi4Ti3O12 (BiTO) are of great interest owing to their excellent 
photocatalytic activity. The use of BiTO powder for the photocatalytic reduction of CO2 has recently been 
reported1-4 but its utilization as photo-electrode for the photo-electrochemical reduction of carbon dioxide 
as never been exploited. In this work, highly transparent BiTO-based thin film photo-cathodes were 
fabricated coupling a sol-gel and a spin coating process. An initial detailed optimization of the main process 
parameters such as deposition cycle, temperature and type of baking process, and thermal annealing profile 
was carried out to obtain homogeneous and defect free BiTO films. The influence of the photo-electrodes 
thickness on layer morphology and on the photo-electrochemical properties was accurately investigated and 
an optimized photo-electrode was thus obtained which registered a photocurrent-density of -4.1 mA· cm2 at 
-1.5V vs Ag/AgCl. In addition, the electrode band structure was studied confirming the applicability of the 
developed highly transparent BiTO thin film electrode in the photo-electrochemical reduction of CO2.  
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Abstract   
Biomass-waste valorisation and the use of sustainable processes are pillars of green chemistry. Cellulose 
and sugars are the most common biomasses available. Several lactones can be obtained from them, in
particular γ-valerolactone, γ-butyrolactone and others. These molecules can be upgraded towards new 
biobased monomers such as alcohols and amines (Scheme 1) that are ubiquitous in today’s chemical 
industry, in particular in polymer production. Therefore, it is of paramount importance to find alternative 
greener synthetic pathways to produce them. Heterogeneous supported copper catalysts could be the tool 
for the production of these chemicals. The use of copper on various supports will avoid toxic and 
expensive noble metal catalysts. 
 

 
 
 

Scheme 1. Biomass derived chemicals valorisation process: from lactones to amines  
 
      The first part of this work concerns studies on hydrogenation reactions of γ-valerolactone (GVL) in 
order to obtain 1,4-pentanediol using heterogeneous copper catalysts and green solvent CPME with high 
yield and selectivity.1 This hydrogenation reaction could be strongly driven by the wettability and acidic
properties of the catalysts. These properties can be tuned with the proper choice of the silica support or 
through functionalization of the surface with organosilanes. 

The work will continue on the further upgrading mono and bialcohols transforming them into 
amines. The main two synthetic strategy will be hydrogen-borrowing amination pathways due to the non-
use or reduced use of hydrogen with the related benefits for both costs and hazard issues. Amination of 
alcohols with ammonia can be achieved with this strategy using copper catalyst supported on alumina.
N-substituted tetrahydropyrroles and pyrrolidones, a class of valuable intermediates and solvents, can be
also obtained with the same catalytic system using GVL and 1,4-butandiol as substrate. 
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Colloidal semiconductor nanocrystals (CSNCs) are among the most investigated 
nanomaterials thanks to their desirable optoelectronic properties [1], which make them 
suitable for applications in light emitting technologies. Generally, CSNCs are stabilized 
by long chain ligands (as oleylamine and oleic acid) which produce solubility in non-
polar solvents and prevent their aggregation. However, these long alkyl chain ligands 
can impede carrier mobility within thin films made by nanocrystals [2]. Therefore, the 
development of ligand exchange processes has been studied to replace the long-
chains with shorter ones leading to improved functionality of CSNCs in device 
applications. Solution-phase procedures for ligand exchange on perovskite’s 
nanocrystals have been widely studied [3]; yet, this is not the case for the solid-phase 
ones. The solid-phase ligand exchange is at the base of the layer-by-layer approach 
that allows to increase the thickness of the emissive material’s film while maintaining a 
homogeneous drafting. This method is of great interest in the field of Light Emitting 
Diode fabrication and Photovoltaics. Here, some preliminary results of solid-phase 
ligand exchange on CsPbBr3 NCs are reported, using solvents with strategic polarity so 
as to avoid NCs dissolution or damaging. 

The preparation of cubic-shaped CsPbBr3 NCs is performed following a hot-injection 
procedure; film fabrication is made by spin-coating as well as the solid-phase ligand 
exchange that requires specific concentrations of exchanging ligand solutions. 
Spectrofluorometer measurements show a significant increase after the exchange 
comparable to the liquid-phase procedure, leading to a 100% of PLQY in film.  

 

 
 
 
 
 

Figure 1: Solid-phase ligand exchange. 
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E.M., Kanjanaboos P., Lu Z., Kim D.H., and Sargent E.H., Nature nanotechnology 11, (2016) 10, 872-877.  

[3] Hills-Kimball K., Yang H., Cai T., Wang J., and Chen O. Adv. Sci. 8, (2021) 1–43.  
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Single Iron atom decoration of highly N-doped graphene crafted through low-
temperature solvothermal synthesis for catalytic ethylarene oxidations 

We proposed a low temperature synthesis of a highly nitrogen doped graphene derivative, with a 19
at% content of N using a solvothermal procedure and using as starting material fluorographite. 
Structural and chemical investigation of the resulting materials indicated mainly the presence of 
pyridinic and pyrrolic nitrogen species. The presence of a large amount of pyridinic nitrogen 
suggested us the idea to use such N-doped graphene as a support for single Atom Catalysts (SACs). 
As a matter of fact, we exploited the statistical presence of porphyrinic-like N4 cycle and/or bipyridine 
units as coordinating groups. We optimized a metallation procedure and were able to prepare a 
material loaded with about 1 wt % of Fe. XPS and TEM measurements indicated that the iron 
species were mainly present as Fe(II)/Fe(III) ions coordinated to four nitrogen atoms. This was also 
confirmed by Mössbauer measurements. Overall the resulting material can be considered to be 
green and sustainable since it can be obtained through a relatively simple low temperature synthesis 
route, exploiting non-toxic and cheap materials. Given the presence of single Fe units, which are
known from the literature to be powerful oxygen activator, we decided to use the Fe decorated N-
graphene as a catalyst for selective oxidation. As a case study, we used the selective oxidation of 
ethylbenzene in green conditions i.e. using a mild temperature (100°C), water as solvent and 
molecular oxygen as final oxidant. In order 
to obtain significant conversion, it was 
necessary to add also a co-oxidant (a 
peroxide), but differently from similar works 
in the literature, we optimized reaction 
conditions that allow the use of only catalytic 
amounts. A series of catalytic tests with 
different peroxides (H2O2, tertbuthyl 
hydroperoxide, diterbuthylperoxide) and 
different solvents (water, dioxane, propanol 
) allowed us to find the conditions for the 
selective formation of the two main partial 
oxidation products: either acetophenone 
(100% yield in 75 minutes) or 
phenylethanol (89% selectivity). We 
documented reaction rates that were much 
higher than those previously reported in the literature, with 97 % of conversion obtained with G(CN)-
Cu catalyst in 24 hour [1] or full conversion in 7 hour with very similar Fe-N-doped catalyst of Liu and 
coworkers[2]. Furthermore basing on tests with phenylethanol as substrate and reactions performed 
with homogeneous catalyst as FeSO4 and iron (III) tetraphenyl porphyrinate chloride we have gained 
evidence that the catalytic cycles reported in the literature have some obvious shortcomings.
Another interesting conclusion of our work it the clear superiority of SACs compared to other type 
of catalysts. Actually, N doped graphene decorated with the single iron catalysts exhibited a much 
higher chemical activity compared to ultrasmall iron oxide nanoparticles supported on the same N-
doped graphene support, and also better activity compared with simple homogeneous metal salts. 
The selective oxidation of ethylbenzene is just a particular case of C-H activation reaction, which is 
a key step in many chemical conversion processes, from the synthesis of largely used commodities 
(e.g. alcohols, ketones, etc…) to the preparation of fine chemical in the pharmaceutical industry.  
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Figure 1 Graphene N doped synthesis and subsequent iron metallation 
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The oxidation of water (WO) to molecular oxygen is considered the ideal reaction for 
producing electrons and protons for the reductive production of renewable fuels. [1] Thus in 
the framework of constructing an artificial photo(electro)synthetic apparatus, the 
development of efficient water oxidation catalysts (WOCs) is a crucial issue. Among others, 
supported systems appear particularly promising since they combine the distinctive 
advantages of homogeneous and heterogeneous catalysts. In this respect, some design 
strategies for preparing heterogenized Ir-WOCs, by combining Cp* ancillary ligand, which 
usually imparts high activity, with carboxylated and phosphonated anchoring ligands have 
been explored by our group recently. In this contribution, we will describe two novel classes 
of supported Cp*Ir-WOCs, based on cheap and readily available ligands: 1) glyphosate and 
glyphosine, acting as mixed aminoacidate/phosphonate ligands (Figure 1a)2 and 2) EDTA 
and EDTMP, serving as anchoring and bridging ligands for two Cp*Ir fragments (Figure 1b)3. 
We will give a brief overview of the catalytic performances of this novel class of hybrid 
materials in WO driven by NaIO4 compared with that of their molecular counterparts, 
showing that anchoring Cp*Ir carboxylate and phosphonate complexes is a winning strategy 
to obtain efficient WOCs. 

 
 

Figure 1. Sketches of the Cp*Ir heterogenized WOCs bearing phosphonate and carboxylate ligands.

 

[1] N. Armaroli, V. Balzani, Chem. - A Eur. J., 2016, 22, 32–57. 

[2] C. Domestici et al., Eur. J. Inorg. Chem., 2021, 2021, 299–307. 
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Prussian blue (PB) is an ancient synthetic pigment and since 2003 it is an FDA approved drug, as remedy against 
radioactive Cs+ contamination. PB can be easily obtained in colloidal form (Prussian blue nanoparticles, PBnp) by mixing 
Fe3+ and [FeII(CN6)]4- aqueous solutions in presence of a capping agent. In addition to this, PB displays an intense 
absorption band with max centred at 700 nm and extending in the NIR, entering the so-called biotransparent window 
(750-950 nm) where water, blood and tissues poorly absorb electromagnetic radiation. The irradiation of this band results 
in thermal relaxation1.  
Researchers are currently focused on finding new methods and materials to improve the nerve regeneration. The heat 
produced by the thermal relaxation of irradiated PB nps could be used to stimulate neurite outgrowth. It is expected that
the local increase in temperature due to thermal relaxation after irradiation, could produce a change in the electrical 
capacitance of the plasma membrane2. 
A photo-responsive surface was prepared grafting non-toxic Prussian blue nanoparticles on a functionalized glass surface.
Irradiation of these samples in the so-called “bio-transparent window” of the near-infrared (NIR) could allow to exert a 
switchable stimulus for the growth of neural cells. Prussian blue was synthesized as nanoparticles with cubic shape and 
grafted on a polyamine-functionalized SiO2 surface, obtaining a good coverage and a homogeneous distribution of the 
nanocubes3. Unfortunately the direct exposure of these functionalized glasses to the common cell culture  medium 
(DMEM) decomposed the PBnp layer. We solved this by spin coating the PDMS polymer over the PBnp layer. These 
functionalized and protected glasses are characterized by stability analysis, in contact with DMEM, and photothermal 
response analysis. We have shown that it is possible to form PBnp monolayers on glass and that they can be overcoated 
with PDMS avoiding damages of the photothermal layer and any decrease of its photothermal properties. In particular, 
the suitable thickness of the PDMS layer, its preparation protocol and the absorbance vs time profile of the underlying 
PBnps layer (when DMEM is in contact with PDMS) have been studied and optimized. 
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Abstract: The implementation of innovative and environmentally-friendly control methods against the olive 
fruit fly, Bactrocera oleae, has attracted an ever-growing attention, especially after 2014, 2016 and 2019 when 
the Italian olive oil production suffered from qualitative and quantitative losses. In this aim, two series of solids 
were prepared: 1) copper(II)-exchanged clinoptilolite zeolites and 2) organically modified montmorillonite 
clays, over which aliphatic aldehydes, [E]-hex-2-enal; [E]-hept-2-enal, n-hexanal; n-heptanal, have been 
deposited. The final goal is to set up a composite oxidic material capable to host a bioactive compound able to 
effectively disrupt the host-plant selection process of B. oleae adults featuring a targeted and constant release 
for a long-term treatment of the olive fruits. A maximum aldehyde loading of 4.7 wt.% and 13.5 wt.% was 
obtained for aldehyde/bentonite (C6-Ben, C7-Ben) and aldehyde/zeolite (C6-Zeo, C7-Zeo), respectively. The 
solids were fully characterized by physico-chemical analysis and a specific adsorption of the aldehyde into the 

interlayer space of the clay was evidenced 
(Fig. 1a). Tests for the evaluation of the 
release capability showed a smooth 
aldehyde desorption up to 40 days, under 
ambient conditions.  
Large kilogram-scale batches of the 
aldehyde/bentonite material were tested 
under real conditions, in an open-field trial 
on an olive tree orchard in Southern 
Tuscany (Fig. 1b). Extremely promising 
results were obtained with Cu-zeolite and 
with both aldehyde-containing bentonite-

like montmorillonite clays, in terms of reduction of both fly infestation (up to 98% reduction) and damages on 
the olive fruit. These materials proved to be easily prepared, cost effective, environmentally-friendly, stable to 
rainwater leaching and led to a remarkable diminution in the use of bioactive species (and copper-containing 
ingredients) for on-field applications. 
 
Key words: Organic/inorganic hybrid materials; clays; clinoptilolite zeolite; pest control; olive fruit fly. 
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Figure a: interaction between aldehyde and inner surface of montmorillonite; b: 
Percentage of infested olive trees under open-field conditions after 3 treatments. 
Blank: untreated trees, formulation: 3 wt.% suspension of the solid in drinkable water. 
Location: olive plant orchard, 24 trees. Podere Forte farm, Castiglione d’Orcia (SI), 
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Prediction and design of new materials with selected properties is one of the main trends and issues 
in material science. The classical trial and error approach is more and more supported by a theoretical 
one, based on total energy calculations, which are able to produce and screen a huge amount of data 
on composition, structure and properties. Such an approach, often indicated as high throughput
computational material design, is particularly useful when expensive elements are concerned. This is 
the case for several intermetallic compounds (IMCs) containing noble metals, which have recently 
attracted chemists thanks to their tendency to be negatively charged, displaying unprecedented 
physical (e.g. Be5Pt semiconductor [1]) and chemical (e.g. GaPd heterogeneous catalyst [2]) 
properties. 
The controversial experimental and calculated data reported in the literature for several Sc2T (T = 
transition metal from 7th to 12th group) motivated a deeper analysis to clarify the existence and 
structure of these IMCs. Sc2Ru was targeted as the first representative for this investigation. It was 
reported to crystallize with a cF96–Ti2Ni crystal structure based on X-ray data; recently, DFT 
calculations suggested the tI6–Mo2Si structure to be more stable. 
Sc2Ru was obtained by high-temperature synthesis and found to crystallize in a new trigonal hP45 
structure type (space group P3m1; a = 9.3583(9) Å, c = 11.285(1) Å): Ru@Sc8 cubes, Ru@Sc12

icosahedra and uncommon Ru@Sc10 sphenocoronae are the building blocks of a unique motif tiling 
the whole crystal space. According to DFT studies, Sc2Ru is a metallic compound characterized by 
multicenter interactions. Effective charges obtained according to the Quantum Theory of Atoms In 
Molecules (QTAIM) lead to Sc +1.15 and Ru –2.30 (see Figure). The significant charge transfer from
Sc to Ru indicates an unexpectedly strong ionic character of the interactions between the two 
transition metals. Energy calculations support our experimental results in terms of stability of this 
compound, contributing to the recurrent discussion on the limits of the high throughput first-principle 
calculations for metallic materials design. 
 

 

Figure. Shapes and effective charges of Ruthenium QTAIM atomic basins. 
 
[1] Amon, A. et al. Angew. Chemie Int. Ed. 2019, 58 (44), 15928–15933. 
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36 
 



37 
 

Biostimulant and biofertilizer from waste valorisation: the different 
behaviour of humic and fulvic acid on hydroxyapatite 

A. Giordana, G. Cerrato, L. Operti 

Dipartimento di Chimica, Università degli Studi di Torino, Via Giuria 7, 10125 Torino 

 

The ability to enhance productivity reducing the environmental impact represent one of the major 
challenges of agronomy in the prospective of a sustainable development. 

Nanofertilizers represent an interesting alternative to traditional systems, allowing a
slow/controlled release of the macro/micronutrient and an optimal nutrient use efficiency. 
Hydroxyapatite nanoparticles (Ca10(PO4)6(OH)2, HAp) have an intrinsic biocompatibility and 
biodegradability and have been proposed as carrier of P fertilizing element. [1] One of strategies
proposed to improve its bioavailability is to modify HAp nanoparticles surfaces with nontoxic and 
soil-friendly materials capable of increasing solubility and/or avoiding the formation of 
agglomerates. [2] As surface modifier, humic substances represent an interesting possibility by 
virtue of their ability to stimulate plants. These organic polymers are classified as biostimulant, 
defined as any substance or microorganism applied to plants with the aim to enhance nutrition
efficiency, abiotic stress tolerance and/or crop quality traits, regardless of its nutrients content. [3] 

In this study we employed as humic substances a residual product derived from the digestion of 
Turin municipal organic waste, that is rich of both fulvic and humic acids. The obtained 
multifunctional materials show a slow release of nutrient and humic substances, proving their 
potential as fertilizers. This study evidences that, even if humic and fulvic acids have similar
structures, the absorption and the release mechanisms are very different.  

 
 

a) b)  
Figure 1. Supposed interaction mechanism between HAp surface and fulvic (a) and humic (b) acids. 
 
 
 
 
 
[1] Kottegoda, N. et al. ACS Nano 2017, 11, 1214−1221. 
[2] Yoon, H.Y. at al. ACS Omega 2020, 5, 6598−6610 
[3] du Jardin, P. Scientia Horticulturae 2015, 196, 3–14. 
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In this work, we present the EPR investigations on the Cr5+ species appearing in Phillips catalysts, that 

are activated by oxidation, by applying advanced techniques in EPR spectroscopy.  

 Two Cr5+ species in the activated Phillips catalyst were previously reported with similar g-tensors

(𝑔∥ <  𝑔⊥) determined by CW-EPR measurements. (Morra, et al., 2018) (Weckhuysen, et al., 1995) In 

our electron spin echo (ESE) experiments, the results indicated that the nature of one of the two species 

can be different as suggested. Using different methods to detect the ESE in the field-sweep experiments, 

we found that one species has 𝑔∥ >  𝑔⊥  instead of 𝑔∥ <  𝑔⊥ .  This means that the two species are 

subjected to two different geometries. This information can be used later in the investigation of the 

relation between the Cr(III) and Cr(V) during the ethylene polymerization. 

The dispersion of the Cr5+ on the silica surface was investigated by quantitative CW-EPR and 

the instantaneous diffusion processes influencing the phase memory relaxation time (Tm) of the 

paramagnetic ions. The overall spin concentrations, which indicate the overall Cr5+ concentrations in the 

activated Phillips catalysts, were obtained by comparing the double integrals of the CW-EPR spectra

with that of the standard samples with known spin numbers. On the other hand, the local spin 

concentrations were obtained by analyzing the Tm variation corresponding to instantaneous diffusion.

(Salikhov, et al., 1981) The local spin concentrations and the overall spin concentrations of the Phillips 

catalysts were found to be in agreement. This technique can later be used on the more relevant species 

in the catalyst. 

This work demonstrates the potential of the advance EPR techniques in studying a system as 

complicated as paramagnetic species on amorphous surfaces; and it also unraveled more information 

about the nature of the Cr5+ species in the Phillips catalyst. 
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The surface of catalysts is extremely heterogeneous and comprises different structural units; 
therefore, the resulting macroscopic chemical activity is an average behavior due to a complex 
combination of many different sites. Studies of these sites during the catalytic work (operando) can 
provide key information for the rational design of new catalysts and the comprehension of key 
phenomena such as activation, poisoning, and degradation. Electrochemical STM (EC-STM) allows 
the direct observation of surface changes at the atomic scale in the presence of an electrolyte at 
different electrochemical potentials. Recently, it has been demonstrated that the noise in the tunneling 
current of EC-STM allows identifying electrocatalytically active sites under reaction conditions [1].
However, this method has never been applied to atom-by-atom investigations and could not evaluate 
the catalytic activity quantitatively. Using the Hydrogen Evolution Reaction as a case study, we 
demonstrate that the quantitative analysis of the noise in the tunneling current allows quantifying the 
local onset potential and provides information about the microscopic mechanism of electrochemical 
reactions on sub nanometric electrocatalytic sites, such as chemically heterogeneous flat interfaces, 
nanoparticles, and even single atom defects.  
In detail, the proposed method allowed us to identify and quantitatively compare the chemical activity 
of several chemical and exotic morphological defects such as single iron atoms trapped in several 
configurations within the graphene basal plane. Furthermore, we determined that these types of single 
atom-defect are even more active than platinum, the benchmark catalyst for the hydrogen evolution 
reaction [2]. 

 

Scheme 1. Schematic illustration of the fluctuations in tunneling current as a function of the applied 
electrochemical potential. 

[1] Pfisterer, J.H.K., Liang, Y., Schneider, O., and Bandarenka, A.S. Direct instrumental
identification of catalytically active surface sites. Nature 2017, 549, 74–77.  
DOI:10.1016/0167-584(86)91230-2.  
[2] Kosmala, T., Baby, A., Lunardon, M., Perilli, D., Liu, H., Durante, C., Di Valentin, C., Agnoli, 
S., and Granozzi, G. Operando visualization of the hydrogen evolution reaction with atomic-scale 
precision at different metal–graphene interfaces. Nat. Catal. 2021, 4, 850–859.  
DOI:10.1038/s41929-021-00682-2. 
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transition metal oxide-based photoanodes for water oxidation 
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In the last decade, a growing awareness on the urge to shift our energy demand towards renewable 
sources has increased among both the scientific community and the public opinion. In this frame, 
the possibility to produce hydrogen using solar energy through radiation-assisted water splitting is 
one of the most promising choices, given the abundance of water and the inexhaustibility of solar 
irradiation [1]. 
Photoelectrocatalytic water splitting exploits the excitation of suitable photocatalysts that, once 
excited by an incident radiation with energy equal or greater than the material’s band gap, generate 
electron – hole couples. Once separated, these latter can reduce and oxidize water, yielding 
molecular hydrogen and oxygen, respectively. The water oxidation reaction is the rate determining 
step of the process. Thus, much research is focused on finding and optimizing efficient photoanode 
materials, preferably earth-abundant metal-oxide semiconductors with a relatively small band gap 
able to absorb a large portion of the visible solar spectrum and with a valence band edge potential 
suitable to oxidize water [2].  
 
Tungsten trioxide (WO3) is among the most studied materials for the water oxidation reaction, 
showing excellent solar-to-chemical energy conversion efficiency due its high conductivity and 
relatively long living photogenerated charge carriers. WO3 is an indirect band gap semiconductor, 
with a band gap Eg of 2.7 eV, that can absorb light in the visible region up to ca. 470 nm.  However, 
also for WO3, as for all semiconductor materials, the recombination rate of the photogenerated 
charge carriers is high and in competition with their exploitation in photocatalytic redox reactions. 
Combining WO3 with BiVO4, which is another intensively studied photoanode material, leads to a 
heterojunction which shows increased solar-to-energy conversion efficiency, due to the coexistence 
of the excellent visible light harvesting properties of BiVO4 (Eg 2.4 eV) and the good electron 
conductivity of WO3 [3].  
 
My research is focused on optimizing the synthesis of nanostructured WO3-BiVO4 heterojunction 
materials and on fully investigating them, through their systematic optical, structural, morphological 
and photoelectrochemical characterization. In particular, my interest is drawn to the investigation 
of the role that the morphological tuning of the photoanodes’ nanostructure has on the overall 
performance of the material. 
 
 
 
 
 
 
 
[1] Q. Wang, K. Domen, Chem. Rev. 120 (2020) 919–985. 
[2] K. Sivula, J. Phys. Chem. Lett. 4 (2013) 1624–1633. 
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The nature of the active sites in Ziegler-Natta catalysts, presumed to be paramagnetic Ti(III) species 

featuring a metal-carbon bond, has been studied by a combination of CW and pulse EPR spectroscopy. 

Ti (III) species also play the role of unconventional spin probes in Zigeler-Natta catalysts, but a detailed 

molecular structure description of these species is still missing. Therefore, deeper research on the 

paramagnetic active sites of the Ziegler-Natta catalysts is of crucial importance to implement the 

efficiency of the catalyst. In this work different working models of industrial Ziegler-Natta catalyst 

precursors, consisting of MgCl2/TiCl4 binary systems with different Lewis bases have been studied prior 

and after the activation with triethylaluminium (TEA). A microscopic description of Ti(III) species and 

their coordination sphere is obtained by the combination of CW, ESEEM and HYSCORE spectra at 

different frequencies. Two dominant Ti(III) species are observed, which interestingly are selectively 

suppressed by the presence of different Lewis bases. This allows to address the long standing issue of 

the influence of Lewis bases in driving specific morphological configurations and influencing the catalytic 

properties of Ti(III) active sites. 
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The formation of complexes by employing metalloligands is a common strategy in the 
preparation of crystalline architectures. These complexes are often the result of a ‘rational’ 
use of molecular tectons but, in some cases, they seem rather to represent a serendipitous 
consequence of crystal packing. Most reported preparations consist of a simple 
combination of reagent solutions, left to stand until crystalline products are formed. 
However, in the absence of any clue as to the reactivity in solution, a crystal engineering 
approach that may control the passage from the solution to the crystalline state is 
impossible. The role played by solution-phase pre-organization and the formation or the 
growth of nucleation units is essential in the rational design of solid functional 
architectures and is currently one of the hottest research topics in supramolecular 
chemistry. [1] Dicyanoaurate ion is a tecton which is employed because of the versatility
in the construction of functional coordination polymers characterized by a multitude of 
differing interactions and properties. [2] We decided to study the solution pre-organization 
in the case of bimetallic compounds based on dicyanoaurate, and with this aim we 
synthetized 9 crystalline compounds containing dicyanoaurate interacting with a family of
zinc bis-chelated complexes. All the compounds have been structurally characterized and 
related to the solution chemistry of each specific system. With a multi-technique approach 
based on electronic spectroscopy, NMR, ESI-MS and X-ray Absorption Spectroscopy 
(XAS) at both Au L3- edge and Zn K-edge, we demonstrate the presence of pre-
organization and oligomerization in solution and characterized the structure in solution of 
the common {Zn(L)2[(μ-CN)Au(CN)](H2O)}+ growth unit, deciphering the solid state 
structures on the results. 
 

 
 

Figure 1: Example of aggregation of the gold and zinc tectons. 
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Lead halide perovskite (LHP) nanocrystals (NCs) are an emerging semiconductive material with a great 
potential for optoelectronic applications such as photodetectors, solar cells, light-emitting diodes, scintillators,
etc.1 Such an interest in LHP NCs is motivated by their easy synthesis combined with tunable and bright 
photoluminescence (PL) and strong absorption.2 Despite this, their commercial application is prevented 
because of their fast degradation when exposed to UV irradiation, high temperature, moisture, acidic or 
alkaline environments. Researchers encapsulated LHP NCs inside various protective materials and silica has 
emerged as the ideal candidate to meet the stability challenge.3 However, such enhanced stability is achieved 
with monolith silica whose bulk morphology prevents its exploitation in technologies that requires colloidal 
stability (e.g. inkjet printing). As a consequence, the community is investigating new synthetic strategies to 
prepare colloidally stable LHP NCs@SiO2 core@shell systems.4 The preparation of a silica shell onto 
preformed LHP NCs is still a challenge because NCs quickly degrade when exposed to the acidic or alkaline 
environments that are generally employed to catalyze the silica growth. As a consequence, efforts are necessary
in order to understand the conditions required for a precise control of silica growth onto LHP NCs. 
Interestingly, Baranov et al. stabilized CsPbBr3 NCs in an acidic environment exploiting the reaction between 
the non-luminescent Cs4PbBr6 NCs and poly(maleic anhydride-alt-1-octadecene) (PMAO).5  
In our study, we involved the monomer of PMAO that is responsible for CsPbBr3 NCs formation (maleic 
anhydride, MANH). MANH reacts with the oleylamine capping ligand of Cs4PbBr6 NCs and, in presence of 
alkoxysilanes, converted them in CsPbBr3@SiO2. The CsPbBr3@SiO2 were further coated with SiO2

enhancing the stability towards polar solvents and removing the residual Cs4PbBr6 NCs. Despite the poor PL
of the final material, this work provides interesting insights regarding the mechanism of silica shell formation. 
Namely, both the acidic environment and the Cs4PbBr6 NCs as starting material are needed to prepare 
CsPbBr3@SiO2. 
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Confined spaces are defined as enclosed volumes in the nm-scale range with limited space and accessibility. 
They represent a challenging environment for the spatially and phase-controlled synthesis of inorganic 
materials, because it has been reported that space constraint affects the physical properties of molecules, as 
well as the subsequent chemical transformation performed within it [1, 2]. Among nanoreactors, inverse 
(water in oil) miniemulsions (ME) represent an efficient framework for inorganic synthesis in confined space, 
by constraining the nucleation and growth of nanocrystals inside nanodroplets (30-300 nm) [3].  
Herein, we report in situ time-resolved case studies of crystallization of oxides and sulfides within the 
confined space of ME droplets by using synchrotron-based techniques. In particular, a multi-technique 
approach is exploited, as nucleation and growth processes imply concurrent changes at different scale 
ranges: from variations in the local coordination, to the formation of crystallites and primary particles. In 
order to follow the crystallization of the target systems at different length orders in a time-resolved fashion, 
an ad hoc continuous flow setup was built directly in the beamlines and X-ray Absorption Spectroscopy
(molecular scale), Small Angle X-ray Scattering (nanoscale) and X-Ray Diffraction (microscale) signals were 
collected.  
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Zirconia (ZrO2) is a polymorphic oxide present in different allotropic forms; thanks to its interesting properties, 
ZrO2 has been used for different technological applications, such as chromatographic support, as a thermal 
barrier in coatings, in ceramic engineering, as a ceramic toughening and strengthening agent, in 
microelectronics as a gate dielectric material[1]. Moreover, due to its amphoteric properties, ZrO2 is also used 
as support for heterogeneous catalyst or as catalyst itself; in particular, it is used in hydrogenation, oxidation
and isomerization processes[2]. Its ability to promote the H-transfer reaction by using alcohols as H-donor in 
the reduction of levulinic acid derivatives to γ-valero lactone (GVL) has been studied recently[3]. In Figure 1
the main mechanism for the reduction of Methyl levulinate using ethanol as H-donos is presented. First, there 
is a cyclization of the reagent, with the formation of the intermediate angelica lactones; subsequently, the 
double bond is hydrogenated by H-transfer, leading to the formation of the final product, GVL. 

 

Figure 1. Mechanism of reaction in optimized condition using ZrO2 as catalyst 

High-surface-area tetragonal zirconia (t-ZrO2) has proven to be a suitable catalyst for this reaction. It is 
selective toward the formation of GVL (yield 70%). However, by carrying out the reaction under the same 
conditions with monoclinic zirconia (m-ZrO2) catalyst, the catalytic activity was reduced and deactivation was 
observed [4]. In order to obtain information on the catalytic mechanism at the atomistic level and understand 
better the difference of the catalytic activity we have observed, we performed a computational study based on 
density functional theory (DFT) and atomistic modeling of ZrO2 nanoparticles of the two crystalline phase 
under study [5]. Different functionals, both of GGA and hybrid type, have been tested. The functional B3LYP 
was selected from these, which was then used to carry out subsequent studies on the properties of the material, 
evaluating the strength of the acidic and basic sites and the study of key molecules of the reaction in order to 
better understand the different deactivation phenomena for the two crystalline phases. 
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The Layered Double Hydroxides (LDHs) are materials attained by the partial substitution of 

divalent M2+ (e.g. Mg2+,Ni2+ and Zn2+) with trivalent M3+(Al3+,Fe3+ and Cr3+) cations in a brucite 

structure.[1] Due to their flexible c omposition, LDHs with tailored composition are easy to 

prepare. Given their layered structure, intercalation and formation of 2D nanosheets is a 

convenient method for fabricating LDH based hybrid materials. 

Here, MgAl-LDH/MoS2 and MgAl -LDH/CeO2 composite materials were fabricated by a 

simple hydrothermal method. This choice of these materials was aimed at demonstrating that 

composites between materials with  matched electronic band structure can achieve improved 

functional properties . Indeed the M gAl-LDH/MoS2 nanocomposite, which forms a type  II 

heterostructure,[2] gave a higher photocurrent compared with pure MgAl -LDH and MgAl-

LDH/CeO2. The photoelectrochemical experiments in 0.1 M KOH solution and 0.1 M KOH 

with 20 mM benzyl alcohol were conducted to investigate the photocatalytic performance in 

advanced oxidation processes. 

 

Figure 1. (a) The SEM image of MgAl-LDH/MoS2 materials. (b) Band edge structures of MgAl-

LDH and MoS2. (c) Photocurrent of MgAl-LDH/MoS2, MgAl-LDH/CeO2 and pure MgAl-LDH in 

0.1 M KOH with 20 mM benzyl alcohol. 
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Modification of semiconducting oxides 
with copper, including TiO2, 
represents a strategy of great interest 
due to the remarkable H2 evolution 
rates attained under irradiation and for 
the low cost of copper with respect to 
other co-catalysts such as platinum 
and gold [1,2]. Titanium dioxide in its 
bare form in fact, despite being one of 
the most investigated oxides because 
of its peculiar physical and chemical 
properties, is not able to efficiently 
produce H2 mainly because of the 
rapid recombination of the 
photogenerated charge carriers and 
the insufficient reduction potential at 
the conduction band edge [3,4], 
However, modification with copper 
oxides as Cu2O, has its drawbacks: 
especially in acidic environment, Cu2O 
undergoes rapid degradation via 
leaching processes. In a recent paper

our research group has proposed that metallic copper is generated during the H2 evolution 
reaction [6]. Consequently, this work is devoted to the evaluation of the chemical changes 
occurring during the H2 photoproduction affecting previously prepared Cu2O-TiO2

heterojunctions. The spectroscopic investigation performed in catalytic conditions illustrates 
that the Cu(II) ions act as sink for the photogenerated electrons, being reduced to Cu(I) and 
Cu(0). Simultaneously, a fraction of the Cu(I) is further oxidized to Cu(II), dissolved in the 
aqueous solution and transformed again in Cu(0). Therefore, it is possible to claim that the as 
prepared material containing Cu2O only represents a pre-catalyst, which is modified during 
irradiation leading to the real working system. 
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Figure 1. Schematic representation of the systems 
described during the photocatalytic process of H2

production. 
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Vanadium dioxide (VO2), thanks to its thermochromic properties, can favour the thermal regulation of 
buildings in the form of smart windows, coated with VO2 thin films. In fact, the optical properties of VO2 can 
change due to a variation in the external temperature, allowing a passive control of the thermal exchange. 
Above the transition temperature (Tc), which is set at 68°C for undoped VO2, the material reflects the NIR 
wavelengths, while below the Tc these wavelengths are transmitted.1  

Regarding the solution-based approaches, the currently unresolved problems for VO2 are related the safety 
issues and to the crystallization conditions. Several vanadium precursors are known to be harmful for the 
human health and for the environment, therefore alternatives are required. Considering the second problem, 
the high number of the oxidation states of vanadium dictates a precise control of the annealing atmospheres 
and temperatures to reach its crystallization into VO2. Since the VO2 formation requires an increase of the 
furnace temperatures above 500°C, its crystallization on temperature-sensitive substrates is precluded.2 

In this work, vanadium-based thin films were deposited on different types of substrates following a green sol 
gel approach. An UV excimer laser was employed to crystallize the films while avoiding the thermal damage 
of the substrates. The influence of the laser energy density and the number of pulses on the films’ properties 
was analysed, and the laser-cured films were compared to the thin films crystallized by the conventional 
furnace annealing. The thermochromic properties of the vanadium dioxide were studied in function of the 
temperature by UV-Vis-NIR transmittance and reflectance measurements, while the XRD, SEM and 
ellipsometer were employed to characterize the film’s crystallinity, morphology, thickness, and optical 
constants. 
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