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WELCOME and PREFACE 

Giornate dell’Elettrochimica Italiana (GEI) 2022, the Annual Congress of the Division of 
Electrochemistry of the Italian Chemical Society, returns in presence after two years of forced 
“absence”. 
GEI stands for Days of the Italian Electrochemistry and we wish these days will become factually the 
Italian Days of Electrochemistry, i.e. an international event where experts from all over the world 
and with electrochemistry-converging backgrounds meet and exchange their knowledge in 
presence in Italy. It is not by chance that this “electrochemists-collecting” event of GEI2022 will be 
located in the centre of Italy: it intends to evidence somehow the centrality of the Electrochemical 
Science in the present times, connoted by terms and expressions like ecological transition, 
sustainability, circularity and decarbonisation. 
In these terms, which characterize our time, the Electrochemical Science offers an important 
positive contribution through the research activities in the areas of electric energy production 
(electrochemical and fuel cells), storage (batteries), photogeneration (solar photoelectrochemical 
cells) as well as CO2 (electrochemical) reduction, synthesis (electrical current as a feedstock in 
industrial processes), the electron as reagent in organic chemistry, disposal/recycling processes 
(electrolysers), protecting treatments (electroplating) and sensing/imaging among others. 
For these reasons it has been chosen, for this edition of GEI, the slogan 

 
Electrochemistry: the Science at the basis of the Sustainable Development 

 
The actual richness of the Electrochemical Science is then evidenced by the list of topics here 
considered with the intent of covering, in the various sessions, all most important aspects in which 
Electrochemistry plays a crucial role. 
 
We look forward to meeting you in Orvieto, 

The Organizing Committee  
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ITALIAN CHEMICAL SOCIETY 

ELECTROCHEMISTRY DIVISION / DIVISIONE DI ELETTROCHIMICA 

 

In line with the objectives of the Italian Chemical Society, the Electrochemistry Division proposes, in 
the specific disciplinary field, to advance research, promote teaching and develop profitable 
relationships between academia and industry.  

To this end, various initiatives have been activated over the years with continuity and regularity, 
such as the Italian Electrochemistry Days (Giornate dell’Elettrochimica Italiana - GEI), the School of 
Electrochemistry, Master and Doctoral Thesis Awards, the Galvani medal Award and the Newsletter.  

Take a look at our website: https://www.soc.chim.it/it/divisioni/elettrochimica/home  

 
 
 

Follow our news on the social networks:             https://www.facebook.com/SCIElettrochimica/  
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COMMITTEES 

CONFERENCE CHAIR 
Danilo Dini, Sapienza Università di Roma 
 
ORGANIZING COMMITTEE 
Sergio Brutti, Sapienza Università di Roma 
Alessandra D'Epifanio, Università di Roma Tor Vergata 
Serena De Santis, Università di Roma TRE 
Elisabetta Di Bartolomeo, Università di Roma Tor Vergata 
Danilo Dini (Coordinator), Sapienza Università di Roma 
Marta Feroci, Sapienza Università di Roma 
Silvia Licoccia, Università di Roma Tor Vergata 
Leonardo Mattiello, Sapienza Università di Roma 
Barbara Mecheri, Università di Roma Tor Vergata 
Monica Orsini, Università di Roma TRE 
 
SCIENTIFIC COMMITTEE 
Catia Arbizzani, Università di Bologna 
Matteo Bonomo, Università di Torino 
Vito Di Noto (Division President), Università di Padova  
Christian Durante, Università di Padova 
Luigi Falciola, Università di Milano 
Claudio Gerbaldi, Politecnico di Torino 
Massimo Innocenti, Università di Firenze 
Piercarlo Mustarelli, Università di Milano Bicocca 
Maria Assunta Navarra, Sapienza Università di Roma 
Francesco Paolucci, Università di Bologna 
Riccardo Ruffo, Università di Milano Bicocca 
Onofrio Scialdone, Università di Palermo 
 
TECHNICAL SUPPORT 
Massimiliano Coppola, Sapienza Università di Roma 
Marco Di Pilato, Sapienza Università di Roma 
 
STUDENT HELPERS 
Martina Bortolami, Sapienza Università di Roma 
Vincenzo Scarano, Sapienza Università di Roma 
Cinzia Michenzi, Sapienza Università di Roma 
Fernando Jr. Piamonte Magboo, Sapienza Università di Roma 
Beatrice Ricciardi, Università di Roma Tor Vergata 
Anna Paola Panunzi, Università di Roma Tor Vergata 
Martina Marasi, Università di Roma Tor Vergata 
Pedro Machado Pico, Università di Roma Tor Vergata 
Angelica Petrongari, Sapienza Università di Roma 
Mariarosaria Tuccillo, Sapienza Università di Roma 
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GEI2022 

The Guest Editorial team intends to start preparing the online issue in advance 
of the meeting, so we invite you to send your manuscript as soon as it is 
finalized taking into account that the issue will remain open for submissions 
until October 31st, 2022. 

All submitted manuscripts will be processed as quickly as possible and will 
appear online shortly after being accepted. So if your paper is ready before the 
deadline, you can submit it at any time for being published online with full 
citation data.  

Please, let us know with a short reply addressed to 
chemelectrochem@chemistry-europe.org if you are interested in contributing 
to this Special Collection. In the message also indicate as object 
CONTRIBUTION FOR GEI2022 SPECIAL ISSUE. For any questions, please, do not 
hesitate to contact the Editorial Office at the given address or the Guest 
Editors. 

Kind regards, 

Danilo, Kate, Leonardo and Maria Assunta 

 

 
 
 
 

ChemElectroChem 
www.chemelectrochem.org 

 

Guest Editorial Team 

 
Prof. Danilo Dini 

Sapienza University of Rome    
danilo.dini@uniroma1.it 

 

 
Prof. Leonardo Mattiello 
Sapienza University of Rome 

leonardo.mattiello@uniroma1.it 
 

 

                         
Prof. Maria Assunta Navarra 

Sapienza University of Rome 
mariassunta.navarra@uniroma1.it 

 
 

 
Dr. Kate Lawrence  

Editor in Chief 
 chemelectrochem@chemistry-

europe.org 

 

 

The 2022 edition of the meeting of the Electrochemical Division of the Italian 
Chemical Society will take place in Orvieto (Umbria) on September 11th‒15th, 
2022. To showcase the most recent developments in electrochemical research 
by Italian scientists and abroad within international collaborations, 
Danilo  Dini, Leonardo Mattiello and Maria Assunta Navarra,  from the 
University of Rome “La Sapienza” invite you to contribute an original 
research paper or review-type article to a Special Collection dedicated to 
the contents of GEI2022 meeting. 

P.S. General requirements for individual contributions can be found in the 
Notice to Authors, which reports ChemElectroChem guidelines for the 
preparation of the article. You can also find more information about this  journal
 at the ChemElectroChem homepage. 

Dear GEI 2022 Participant, 
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ORGANIZERS 

 

 
Sapienza Università di Roma 

 
Università degli Studi di Roma Tor Vergata 

 
Università degli Studi di Roma TRE 

 
International Society of Electrochemistry 

 
Associazione NanoItaly 

 

Società Chimica Italiana 
Divisione di Elettrochimica 
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Typewritten text
                                                                                                TOPICS1 - Batteries, fuel cells, supercapacitors for energy conversion, production and storage2 - Electroanalysis, sensors, microelectrodes, electrochemical methods for traces analysis, electrochemical separations3 - Electrochemistry and light: photoelectrochemistry, electrochemiluminescence, electrochromism and photovoltaics4 - Molecular electrochemistry and electrocatalysis5 - Electrochemical engineering: industrial processes, metallurgy, processes of disposal/recycling and remediation. Aspects of sustainability, environmental implications, decarbonisation6 - Surface treatments: electroplating, anticorrosion coating, jewellery7 - Spectroelectrochemistry, physical electrochemistry and imaging: in-situ, in-operando, multiscale/multitechnique investigation of electrochemical systems8 - Bioelectrochemistry and related devices (biosensors, bioreactors and biopiles)9 - Theoretical aspects, modelling, trends and perspectives of electrochemistry10 - Organic/inorganic electrosynthesis and preparative electrochemistry11 - Materials for electrochemistry: nanomaterials, soft matter, hybrid systems
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MEETING PROGRAM 
 

Sunday, 11th September 2022 – Sala dei Quattrocento 
 

Afternoon Session 

12:00 Meeting Registration 
 
13:30 Opening Ceremony 

Chairperson: Danilo Dini 
Opening Talk  

14:30 OT Aldo Di Carlo 
ISM-CNR, Roma The future of solar energy: printable photovoltaics 

 
Invited Oral Presentations 

15:00 IO.1_T01 Pier Paolo Prosini 
ENEA Casaccia, Roma The 2019-2021 ENEA project on electrochemical energy storage 

15:20 IO.2_T08 Stefania Rapino 
Università di Bologna Cancer Research by Scanning ElectroChemical Microscopy 

15:40 IO.3_T08 Nicola Cioffi 
Università di Bari 

Electrochemical production of broad-spectrum nanoantimicrobials 
inhibiting SARS-CoV-2 and resistant biofilms 

 
16:00 Coffee Break (Sala Expo) 

 
Chairpersons: Vito Di Noto, Christian Durante, Matteo Bonomo 

16:30 Electrochemistry Division Awards Ceremony 
Master Thesis Awards 

16:45 A.1_T04 Marco Bonechi 
Università di Firenze 

A molecular model for the electropolymerization mechanism: an 
integrated experimental/theoretical approach 

17:00 A.2_T01 Lorenzo Mezzomo 
Università di Milano Bicocca Nanocomposite solid-state electrolytes for alkali-metal batteries 

17:15 A.3_T11 Mattia Reato 
Università di Padova 

Tailoring the Conductivity and Chemosensing Properties of Monolayer-
Protected Gold Nanoclusters Films 

 
PhD Thesis Awards 

17:30 A.4_T01 Arianna Massaro 
Università Federico II di Napoli 

Design and development of solid-state functional materials for Na-
ion Batteries 

17:45 A.5_T06 Luca Casanova 
Politecnico di Milano 

Influence of stoichiometry on the corrosion response of titanium 
oxide coatings produced by plasma electrolytic oxidation 

18:00 A.6_T04 Williane Da Silva Freitas 
Università di Roma Tor Vergata 

Development of Platinum Group Metal-Free Electrocatalysts for 
Oxygen Reduction Reaction in Electrochemical Devices  

18:15 A.7_T01 Daniele Versaci 
Politecnico di Torino Materials for high energy Li-ion and post Li-ion batteries 

 
Plenary Lecture 

18:30 PL.1_T03 David Cahen 
Weizmann Institute of Science, Rehovot (Israel) 

Sustainable Energy Conversion needs Sustainable 
Materials: Guidelines from Photovoltaics 

 
19:15 Welcome Party

Meeting Program                  Sunday, 11th September 2022 
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
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Monday, 12th September 2022 – Sala dei Quattrocento 
 

Morning Session 
Chairpersons: Vito Di Noto, Claudio Gerbaldi 

Plenary Lecture 

8:30 PL.2_T01 Diana Golodnitsky 
Tel Aviv University (Israel) 

Innovative designs, methods of fabrication and characterization of 
advanced batteries 

 
Oral Presentations 

9:10 O.1_T01 Arcangelo Celeste 
Sapienza Università di Roma 

Investigation of the effect of iron doping on electrochemical 
properties of Li-rich transition metal oxides 

9:25 O.2_T01 Marco Lagnoni 
Università di Pisa 

Challenges in lithium-ion batteries: modelling tools to overcome 
performance and sustainability limitations 

9:40 O.3_T01 Sofia Saffirio 
Politecnico di Torino 

Glass-ceramic ion conducting electrolytes for safe, high-energy 
solid-state secondary batteries 

9:55 O.4_T01 Vittorio Marangon 
Università di Ferrara 

Characteristics of a gold-doped electrode for application in high-
performance lithium-sulfur battery 

10:10 O.5_T01 Lucia Mazzapioda 
Sapienza Università di Roma 

Lithiated Nafion membrane as promising polymer electrolyte in 
lithium ion batteries 

 
10:30 Coffee Break (Sala Expo) 

Chairperson: Catia Arbizzani 
Oral Presentations 

11:00 O.6_T01 Laura Silvestri 
Sapienza Università di Roma 

Development of Co-free Li-rich layered oxide materials as positive 
electrodes in Li-ion batteries 

11:15 O.7_T01 Giuseppe Antonio Elia 
Politecnico di Torino 

Addressing key challenges in the development “beyond Li-ion” 
chemistries 

11:30 O.8_T01 Rosa Celeste Zumpano 
Sapienza Università di Roma 

Improving electrochemical performance of Li/S cells using a 
tailored gold nanostars surface modified carbon electrode 

11:45 O.9_T01 Shahid Khalid 
Università di Milano Bicocca 

New NASICON Phases as Anodes in Aqueous Secondary Ion 
Batteries 

12:00 O.10_T01 Marisa Falco 
Politecnico di Torino 

Crosslinked polymer and composite membranes as electrolytes for 
lithium-based batteries in the framework of Si-Drive project 

12:15 O.11_T01 Flavio Cognigni 
Sapienza Università di Roma 

X-ray Microscopy – A Non-destructive High-resolution Imaging to 
Study the Inner Workings of Batteries 

Università di Padova 
Mg- and Sn-conducting Ionic Liquid Electrolytes for Multivalent 
Metal Battery Applications 

12:45 O.42_T01 Michele Tribbia 
Universität Bremen (Germany) 

Effect of Mass Loading on the Electrodeposition Efficiency of 
Metallic Zinc onto Optimized Metallic Substrates 

 
13:00 Light Lunch (Sala Expo) 
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12:30 O.40_T01 

(online)

(online) 

(online) 
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Monday, 12th September 2022 – Sala dei Quattrocento 
 

Afternoon Session 
 

Chairpersons: Achille De Battisti, Robert Hillman 
 

14:00 73rd ISE-AM/GEI2022 Joint Session In Memoriam of Sergio Trasatti 

TS.1_TS Antonino Aricò 
CNR-ITAE, Messina 

Anion exchange membrane electrolysis based on non-critical raw 
materials 

TS.2_TS 
Carlos Alberto Martinez-Huitle 
Universidade Federal do Rio 
Grande do Norte, Natal (Brazil) 

Mixed metal oxide electrodes: From lab to environmental applications as 
sustainable water depollution solutions 

TS.3_TS Alessandro Minguzzi 
Università di Milano 

Electrochemical X-ray absorption spectroscopy: from energy conversion 
to the emergence of life 

TS.4_TS 
Andrea Russell 
University of Southampton 
(United Kingdom) 

Further understanding the electrochemistry and oxygen reduction 
activity of La1-xCaxMnO3 using in situ XAS and XES 

TS.5_TS Elena Savinova 
University of Strasbourg (France) Interfacial properties of Mn, Co oxides relevant to electrocatalysis 

TS.6_TS 
Sotirios Sotiropoulos 
Aristotle University, Thessaloniki 
(Greece) 

Ti-supported IrO2-based Electrocatalysts for OER prepared by Galvanic 
Replacement or Deposition 

TS.7_TS Electrocatalysis at the heart of the Green Hydrogen Revolution 

 
17:00 Coffee Break (Sala Expo) 
 
17:30 Monday Poster Session (Sala Expo) 
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Tuesday, 13th September 2022 – Sala dei Quattrocento 
 

Morning Session 
 

Chairperson: Piercarlo Mustarelli 
Plenary Lecture 

8:30 PL.3_T01 Plamen Atanassov 
University of California, Irvine (United States) 

Electrocatalysis as Major Enabling Technology for 
Decarbonization 

 
Keynote Lecture 

9:10 KN.2_T08 Carlo Santoro 
Università di Milano Bicocca 

Electrocatalysis in neutral media: role of inorganic catalysts, 
enzymes and bacteria in the oxygen reduction reaction 

 
Oral Presentations 

9:40 O.12_T08 Lorenzo Cristiani 
Sapienza Università di Roma 

Performance of a microbial electrolysis cell aimed at wastewater 
treatment and hydrogen production 

9:55 O.13_T08 Francesco Falciani 
Università di Bologna 

Investigation of oxygen consumption of Single Living Cells by 
Scanning Electrochemical Microscopy (SECM) 

10:10 O.14_T08 Marco Malferrari 
Università di Bologna 

Scanning Electrochemical Microscopy Reveals Changes of 
Cardiomyocytes Redox Balance Actuated by Photoactivated 
Organic Semiconductors 

 
10:30 Coffee Break (Sala Expo) 

Chairperson: Marta Feroci 
Keynote Lecture 

11:00 KN.3_T04 Abdirisak Ahmed Isse 
Università di Padova 

Electrochemical approaches to atom transfer radical polymerization: 
Activation kinetics and mechanistic insights 

 
Oral Presentations 

11:30 O.15_T04 Marco Mazzucato 
Università di Padova 

Chemically Functionalized Vulcan XC72 with Pyridine and Indole 
Groups as Model Nitrogen Doped Carbon for 2e-ORR 

11:45 O.16_T04 Enrico Negro 
Università di Padova 

Comparison of Electrocatalysts for the Oxygen Reduction Reaction 
(ORR) through a New Formalism based on Thin-Film Rotating Ring-
Disk Electrode studies 

12:00 O.17_T04 Mattia Parnigotto 
Università di Padova 

Effects of CeO2 nanoparticles on oxygen reduction at Pt CeO2/C 
catalysts: novel synthesis and improved activity and stability 

12:15 O.18_T04 Miriam Moro 
Università di Bologna 

Driving up the electrocatalytic performance for carbon dioxide 
conversion through interface tuning in carbon nanostructures-metal 
oxide nanocomposites 

12:30 O.19_T04 Daniel Morales-Martinez 
Università di Padova 

Understanding the Mechanism of the Dissociative Reduction of 
Dibenzoylperoxides 

12:45 O.20_T04 Andrea Conte 
Università di Padova Fusion of Atomically Precise Gold Nanoclusters in the Solid State 

13:00 O.21_T04 Letizia Sorti 
Università di Milano 

Study of the electrochemical behavior of I2 and I- in water for the 
generation of promising green iodinating agents 

 
13:15 Light Lunch (Sala Expo)  
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Tuesday, 13th September 2022 – Sala dei Quattrocento 
 

Afternoon Session 
 

Chairperson: Sabina Susmel 
Keynote Lecture 

Dublin City University (Ireland) 
Wireless Electrochemistry: From Disease Biomarkers to Waste 
Water 

 
Oral Presentations 

15:00 O.22_T02 Fethi Bedioui 
Chimie Paris Tech-PSL/CNRS (France) 

Electrochemical microfluidic devices for the detection of S-
nitrosothiols in biological fluids 

15:15 O.23_T02 Silvia Comis 
Università di Milano 

AuNPs + TiO2 hybrid systems for the photoelectrochemical 
detection of ciprofloxacin 

15:30 O.24_T02 Pavlos Nikolaou 
Università di Bologna 

PCR-free sensors for the detection of whole genome of 
Hepatitis B Virus based on Electrogenerated 
Chemiluminescence 

15:45 O.25_T02 Stefano Casalini 
Università di Padova 

Toward ambipolar transcap composed of reduced-graphene 
oxide thin-film and electrodeposited copper 

16:00 O.26_T02 Agnese Giacomino 
Università di Torino 

Spin multiplicity and solid state electrochemical behaviour in 
charge transfer co-crystals 

 
Keynote Lecture 

16:15 KN.5_T09 Filippo De Angelis 
Università di Perugia 

Water stable tin-halide perovskites and other surprises: Applications 
to Photovoltaics and Photocatalysis 

 
17:00 Coffee Break (Sala Expo) 
 
17:30 Tuesday Poster Session (Sala Expo) 
 
21:00 Night Visit to the Cathedral 
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Robert Forster 14:30 KN.4_T02 (online) 
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Tuesday, 13th September 2022 – Sala Etrusca 
 

Morning Session 

Keynote Lecture 

9:10 KN.6_T03 Massimo Marcaccio 
Università di Bologna 

Electrochemically induced reactivity in polyaromatic hydrocarbons and 
carbon nanostructures 

 
Oral Presentations 

9:55 O.28_T03 Alessandro Tucci 
Politecnico di Milano 

Synthesis and characterization of photoactive TiO2 films 
obtained by Low-Energy High-Current Electron Beam and Plasma 
Electrolytic Oxidation 

10:10 O.29_T03 Edoardo Marchini 
Università di Ferrara 

A Series of Iron(II)-NHC Sensitizers with Remarkable Power 
Conversion Efficiency in Photoelectrochemical Cells 

 
10:30 Coffee Break (Sala Expo) 
 

Chairperson: Giovanni Valenti 
Keynote Lecture 

11:00 KN.7_T03 Federico Polo 
Ca' Foscari Università di Venezia 

Implementing Fine-Tuning of the Electrochemiluminescence 
Properties of Bifunctional Organic Molecular Systems 

 
Invited Oral Presentation 

11:30 IO.4_T03 Andrea Listorti 
Università di Bari 

 
Oral Presentation 

11:50 O.30_T03 Lorenzo Ripani 
Università di Bologna 

Electrogenerated chemiluminescence of polycyclic heteroaromatic 2-
azapyrene, monomer emission and excimer formation 

 
Invited Oral Presentation 

12:05 IO.5_T03 Andrea Lamberti 
Politecnico di Torino 

Laser-induced graphene: a disruptive material with great potentialities in 
the field of electrochemical energy devices 

 
Oral Presentation 

12:25 O.31_T03 Claudio Ignazio Santo 
Università di Bologna 

Novel electrode materials for enhancing electrochemiluminescence in 
immunoassay biosensors 

 
Invited Oral Presentation 

12:40 IO.6_T03 Stefano Caramori 
Università di Ferrara 

Charge Transfer Dynamics in nanostructured WO3 and WO3/BiVO4 
Photoanodes 

 
13:15 Light Lunch (Sala Expo) 
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Engineering Halide Perovskites from Photovoltaics to Photocatalysis 

Università di Torino 
Matteo Bonomo 9:40 O.27_T03 

Chairpersons: Maria Assunta Navarra, Matteo Bonomo (joint session with ENERCHEM interdivisional group)

Danilo
Testo digitato
Innovative and Sustainable Materials for Aqueous Dye-Sensitized Solar Cells: a Focus on Photoanode/Electrolyte Interface
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Tuesday, 13th September 2022 – Sala Etrusca 
 

Afternoon Session 
 

Chairperson: Elisabetta Di Bartolomeo 
Keynote Lecture 

14:30 KN.8_T11 Giulia Fioravanti 
Università di L’Aquila In synthesis ... Chemists like Graphene Oxide! 

 
Oral Presentations 

15:00 O.32_T11 Nicola Comisso 
ICMATE CNR, Padova 

Galvanic Displacement of Porous PbO2 by Fe2+ ions. 
Discussion on Large-Surface FeOOH obtained 

15:15 O.33_T11 Claudio Fontanesi 
Università di Modena 

On the hybrid chiral 2T3-N/Au interface: is charge 
transmission a spin related property? 

15:30 O.34_T11 Edlind Lushaj 
Ca' Foscari Università di Venezia 

Effect of selenium integration in Ni-hexacyanoferrate-
based nanocubes for oxygen evolution reaction 

15:45 O.35_T11 Eleonora Pargoletti 
Università di Milano 

Nanocomposite Materials based on Differently Oxidized 
Graphene for Oxygen Electrocatalysis 

 
Invited Oral Presentation 

16:00 IO.7_T07 Luca D'Amario 
University of Uppsala (Sweden) 

Achieving sub-millisecond time resolved characterization of 
electrochemical intermediates:Electrochemically-Induced 
Raman spectroscopy. 

 
Oral Presentations 

16:20 O.36_T07 Alessandro Facchin 
Università di Padova 

Pt-based complexes towards oxygen reduction reaction 
investigated by EC-STM 

16:35 O.37_T07 Nicolò Pianta 
Università di Milano Bicocca 

Monitor the electrochemical behaviour of battery materials 
operando by means of Dynamic Electrochemical 
Impedance Spectroscopy 

 
17:00 Coffee Break (Sala Expo) 
 
17:30 Tuesday Poster Session (Sala Expo) 
 
21:00 Night Visit to the Cathedral
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Wednesday, 14th September 2022 – Sala dei Quattrocento 
 

Morning Session 
 

Chairpersons: Catia Arbizzani, Sergio Brutti 
Plenary Lecture 

8:30 PL.4_T11 Stefano Passerini 
Helmholtz-Institut Ulm (Germany) 

Electrode/Electrolyte Interlayers Enabling Solid-State 
Electrolytes in Lithium Batteries 

 
Keynote Lecture 

9:10 KN.1_T01 Giovanni Battista Appetecchi 
ENEA Casaccia, Roma 

Ionic liquid electrolytes for high-density lithium-ion battery 
systems 

 
Invited Oral Presentation 

9:35 IO.12_T01 Andrea Balducci  
Friedrich-Schiller-University Jena (Germany) 

Development of novel solvents and salts for 
electrochemical capacitors and metal-ion batteries 

 
Oral Presentations 

9:55 O.39_T01 Akiko Tsurumaki 
Sapienza Università di Roma 

Sn/graphite and Si/graphite composite anodes 
for all-solid-state lithium-ion batteries 

10:10 O.41_T01 

 
10:30 Coffee Break (Sala Expo) 

 
Chairpersons: Piercarlo Mustarelli, Barbara Mecheri 

Oral Presentations 

11:00 O.43_T01 Pietro Zaccagnini 
Politecnico di Torino 

Electric Double Layer and Pseudocapacitive Ionic 
Liquid-based Supercapacitors for Harsh Environment 
applications 

11:15 O.44_T01 Tommaso Caielli 
Università di Milano Bicocca 

New Poly (aryl-piperidinium) alkali stable Anion 
Exchange Membranes 

11:30 O.45_T01 Giulia Galatolo 
University of Oxford (United Kingdom) Liquid Electrolytes for Fluoride-Ion Batteries 

11:45 O.46_T01 Giampaolo Lacarbonara 
Università di Bologna 

Scanning ElectroChemical Microscopy for the 
investigation of Cu2+ permeability through 
membranes for Redox Flow Batteries. 

12:00 O.47_T01 Isabella Nicotera 
Università della Calabria 

Study of Nanocomposite Anion Exchange 
Membranes for AEMs Water Electrolyzers 

12:15 O.48_T01 Keti Vezzù 
Università di Padova 

A New Frontier in Membranes for Redox Flow 
Batteries: The Polyketone-Based Membranes 

12:30 O.49_T01 Martina Marasi 
Università di Roma Tor Vergata 

Ru-doped perovskite as electrode material for 
symmetrical RSOCs 

 
13:00 Light Lunch (Sala Expo)  
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Marco Zeppilli 
Università di Roma Sapienza 

Bioelectrochemical remediation of chlorinated aliphatic
12:45 O.50_T08                                                                                   hydrocarbons in contaminated groundwaters : from
                                                                                                                 lab scale to the pilot test  

Arianna Massaro 
Università di Napoli Federico II 

Unveiling vinylene carbonate electrolyte 
reactivity at Li-metal electrode with density 
functional embedding theory   
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Wednesday, 14th September 2022 – Sala dei Quattrocento 
 

Afternoon Session 
 

Chairpersons: Alessandra D'Epifanio, Riccardo Ruffo 
Oral Presentations 

14:30 O.51_T01 Federico Tasca 
Universidad de Santiago de Chile 

The Effect of Ions and pH on Fe Phthalocyanines: ab initio 
Molecular Dynamics Simulation in Electrolyte Media and 
Experimental Analyses for the Oxygen Reduction Reaction 

14:45 O.52_T01 Alessandro Niorettini 
Università di Ferrara 

Indium-modified Copper nanocubes for syngas production from 
aqueous CO2 electroreduction 

15:00 O.53_T01 Nicolò Albanelli 
Università di Bologna 

A Mixture Design approach for the optimization of electrode 
formulation: case study of graphitic carbon obtained by CO2 
reduction used as active material 

15:15 O.54_T01 
Thomas Malkow 
European Commission  
(The Netherlands) 

Enhanced estimation of the distribution of relaxation times 
using prior knowledge – examples of electrochemical 
conversion devices 

15:30 O.55_T01 Giovanni Crivellaro 
Università di Padova 

A general electrochemical formalism for vanadium redox flow 
batteries 

15:45 O.56_T01 Gabriele Lingua 
Politecnico di Torino 

Newly designed single-ion conducting polymer electrolytes 
enabling advanced Li-metal solid-state batteries 

16:00 O.57_T01 Eva Sediva 
Università di Milano Bicocca 

Influence of Water Management on Anion Exchange 
Membrane Fuel Cells Characterized by Distribution of 
Relaxation Times 

 
Invited Oral Presentation 

16:15 IO.8_T11 
Saveria Santangelo 
Università Mediterranea di 
Reggio Calabria 

Electrospun nanofibers for electrochemical applications aimed at 
achieving the 6th, 7th and 13th sustainable development goals 

 
16:35 Coffee Break (Sala Expo) 
 
17:00 General Assembly of the Electrochemistry Division of the Italian Chemical Society 
 
20:00 Social Dinner 
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Thursday, 15th September 2022 – Sala dei Quattrocento 
 

Morning Session 
 

Chairpersons: Francesco Di Franco, Robert Hillman 
Plenary Lecture 

8:30 PL.5_T06 Robert Hillman 
University of Leicester (United Kingdom) 

Latent Fingerprint Enhancement On Metallic Surfaces 
Using Electroactive Polymers 

 
Keynote Lecture 

9:10 KN.9_T06 Massimo Innocenti 
Università di Firenze 

New Frontiers of research in the field of electrodeposition of thin films 
for jewels and fashion accessory 

 
Oral Presentations 

9:40 O.58_T06 Antonio Barbucci 
Università di Genova 

Numerical analysis to propose an optimization of the cathodic 
protection design criteria for ships 

9:55 O.59_T06 Federico Pizzetti 
Rubinetterie Treemme, Asciano 

Evaluation of magnetron sputtering chromium deposition as a 
lesser hazardous alternative to electrodeposition 

10:10 O.60_T06 Martina Vizza 
Università di Firenze 

Innovative sensors for real-time analysis in galvanic baths and 
water process control 

 
10:30 Coffee Break (Sala Expo) 
 

Chairperson: Massimo Innocenti 
Invited Oral Presentation 

11:00 IO.9_T06 Francesco Di Franco 
Università di Palermo 

Enhancing antibacterial activity and biocompatibility of Ti6Al4V alloy 
by tailoring anodizing and post-anodizing treatments 

 
Oral Presentations 

11:20 O.61_T06 Giulio Pappaianni 
Lotti S.r.l., Firenze 

Electrodeposition and characterization of Heusler alloys 
properties 

11:35 O.62_T06 Vincenzo Dell'Aquila 
Eco-Tech Finish s.r.l., Arezzo Pulse and Pulse Reverse Plating for Galvanic Application 

11:50 O.63_T06 Ivan Del Pace 
Università di Firenze 

A novel, high-performing cyanide-free electroplating cycle for 
the fashion-jewelry sector 

12:05 O.64_T06 Andrea Cristoforetti 
Università di Trento 

An electrochemical study on filiform corrosion mechanism on 
acrylic coated steel 

12:20 O.65_T06 Fabio Biffoli 
Gruppo Materia, Firenze 

Performance Evaluation of Electrodeposited Barrier Layers 
Towards Intermetallic Diffusion 

12:35 O.66_T06 Alice Vanni 
Italpreziosi, Arezzo Responsible sourcing in the precious metals supply chain 

 
13:15 Closing Remarks 
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Thursday, 15th September 2022 – Sala Etrusca 
 

Morning Session 
 

Chairperson: Francesca Lorandi 
Keynote Lecture 

9:10 KN.10_T05 Monica Santamaria 
Università di Palermo 

Biomass valorization toward value-added products and hydrogen 
production in photoelectrochemical cells 

 
Oral Presentations 

9:40 O.68_T05 Pietro Cattaneo 
Università di Pavia 

Recycling and Re-use of 18650 Panasonic (4400 mAh) Li-ion 
batteries 

9:55 O.69_T05 Riccardo Morina 
Università di Milano Bicocca 

Highly efficient recovery of Lithium and Cobalt from lithium 
batteries using Deep Eutectic Solvents and low temperature 
pyrolysis 

10:10 O.70_T05 Elisabetta Petri 
Università di Bologna 

High-power electrochemical energy storage: from materials 
sustainability to system integration 

 
10:30 Coffee Break (Sala Expo) 
 

Chairperson: Monica Santamaria 
Invited Oral Presentation 

11:00 IO.10_T05 Federico Bella 
Politecnico di Torino 

Nitrogen- and potassium-based technologies boosting the energy 
transition 

 
Oral Presentations 

11:20 O.72_T05 Luca Mattarozzi 
ICMATE CNR, Padova 

Electrochemical deposition of compact Ni-Rh films and 
their application toward nitrate electro-reduction in alkali 

11:35 O.73_T05 Elisa Maruccia 
Politecnico di Torino 

Direct nanocasting strategy to N-rich ordered mesoporous 
carbons for selective post-combustion CO2 capture and 
energy storage 

11:50 O.74_T05 Alessio Mezza 
Istituto Italiano di Tecnologia, Torino 

Electrochemical devices for capture and direct conversion 
of carbon dioxide into syngas 

 
Invited Oral Presentation 

12:05 IO.11_T10 Francesca Lorandi 
Università di Padova Electrochemical approaches for well-defined polymer synthesis 

 
Oral Presentations 

12:25 O.75_T10 Marco Fantin 
Università di Padova 

Suppressing Side Reactions from Al Sacrificial Anode Enables a Simplified 
Electrochemical Atom Transfer Radical Polymerization in Water 

12:40 O.76_T10 Walter Giurlani 
Università di Firenze Electrodeposition of Molybdenum disulfide (MoS2) on Silicon 

 
13:15 Closing Remarks (Sala dei Quattrocento)
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POSTER CONTRIBUTIONS 
 

Monday Poster Session (Sala Expo): 17:30÷19:00 
 

Code Presenting Author Title 

P.1_T01 Julia Amici Ultrasmall SnO2 directly grown on commercial carbon black: a versatile 
composite material for Li-based energy storage 

P.2_T01 Pierfrancesco Atanasio Innovative CNWS/Si Nanoparticles composites architectures as electrodes for 
Lithium-Ion Batteries 

P.3_T01 Leonardo Balducci Synthesis and characterization of food-waste derived hard carbon as 
sustainable anode for Li- and Na-ion batteries 

P.4_T01 Yannick Herve Bang 
Correlation between Morphology, Porosimetric Features, “Ex-Situ” and “In-
Situ” Electrochemical Performance of Hierarchical “Core-Shell” Carbon Nitride 
ORR Electrocatalysts based on Pt alloys 

P.5_T01 Luca Bargnesi Maleic anhydride-modified chitosan binder for sustainable aqueous 
electrochemical energy storage systems 

P.6_T01 Simone Bonizzoni Facile Poly(ethyl-ketone) Chemical Functionalization for Anion Exchange 
Membranes 

P.7_T01 Federico Brombin Ca2+-Ion Conducting Polymer Electrolytes for Secondary Batteries Applications 

P.8_T01 Gabriele Brugnetti The role of surface coating in Na0.67Mn0.67Ni0.33O2: enhancing capacity and 
stability of cathodes for Sodium-Ion Batteries 

P.9_T01 Roberto Colombo Microwave synthesis of rGO/ZnS nanocomposite as cathodic material for Li-S 
batteries 

P.10_T01 Alessandra D'Epifanio Aqueous Organic Electrolytes for Redox Flow Batteries (AORFBs) 

P.11_T01 Elisabetta Di Bartolomeo High-performing fuel electrode for dry methane oxidation 

P.12_T01 Jesus Diaz Correlating chemical composition and morphology in polycrystalline thin films 
of LiCoO2 

P.13_T01 Claudio Gerbaldi Development of Advanced All-Solid-State Polymer Electrolytes Using 
Innovative, Rapid, and Solvent-free Procedures 

P.14_T01 Chiara Ferrara Lithium recovery from spent LIBs cathodes using Ionic Liquids 

P.15_T01 Matteo Gandolfo Crosslinked ionogels containing inorganic additives for safer Lithium metal 
batteries 

P.16_T01 Antonio Gentile MXene-based anodes for sodium ion batteries: etching strategies 

P.17_T01 Hyun Young Jung 
A New Type of Conformal Fractions Binder Bolstering Electrochemical 
Performance: Toward Flame Retardant High-power Lithium-Sulfur Flexible 
Batteries 

P.18_T01 Francesca Lorandi 
“PGM-free” Hierarchical Electrocatalysts Comprising Fe-Sn Active Sites: 
Interplay between Physicochemical Features, Oxygen Reduction Reaction 
Mechanism and Fuel Cell Performance 

P.19_T01 Jacopo Manidi Comparative Study by SPECS and EIS Analysis of Sodium Birnessite Electrode 

P.20_T01 Marco Mazzucato Testing Activity, Selectivity and Durability of Fe-N-C for Oxygen Reduction 
Reaction: RRDE vs. Gas-Diffusion Cells 
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P.21_T01 Giuseppina Meligrana Waste-derived, cheap and easily processable electrodes/electrolytes for Na-
ion batteries 

P.22_T01 Luca Minnetti Synthesis and Characterization of a LiFe0.6Mn0.4PO4 Olivine Cathode for 
Application in a New Lithium Polymer Battery 

P.23_T01 Maria Assunta Navarra Non-stoichiometric Metal Oxide co-catalysts for the Oxygen Reduction 
Reaction in PEM Fuel Cells 

P.24_T01 Isabella Nicotera Nanoscale Ionic Materials for Nafion based nanocomposites membranes as 
single lithium-ion conducting polymer electrolytes for Lithium Sulfur batteries 

P.25_T01 Giovanni Sotgiu Electrochemical deposition of iron-based superconductors 

P.26_T01 Matteo Palluzzi Green synthesis of novel ionic liquids for lithium-ion batteries 

P.27_T01 Anna Paola Panunzi Small Pt-doping of La0.6Sr0.4FeO3-δ for highly performing IT-SOFC cathode 

P.28_T01 Eleonora Pargoletti Tailored MnO2 Nanoparticles as Electrocatalysts for Metal-Air Batteries 

P.29_T01 Angelica Petrongari Lithium halogenides as redox mediators in Li-O2 batteries: solvent-dependent 
behavior and parasitic chemistry 

P.30_T01 Silvia Porporato Study of new electrodic materials with ionic liquid-based electrolyte for 
sodium-ion batteries 

P.31_T01 Andrea Querio Effect of the precursors morphologies on the electrochemical properties of 
NMC811 

P.32_T01 Laura Silvestri Exploring the potentiality of the brownmillerite Ca2Fe2O5 for electrochemical 
energy storage 

P.33_T01 Antunes Staffolani Operando analysis of losses in commercial-size Solid Oxide Cells: Methodology 
development and validation 

P.34_T01 Enrico Tognella DAMA – Development of AGM batteries including nanocomposite materials in 
Positive Active Mass (PAM) for increasing the performances in charging phase 

P.35_T01 Daniele Versaci Innovative hybrid high voltage electrodes based on LMNO/LFP materials for 
lithium ion batteries 

P.36_T01 Luca Bottoni Preparation of sustainable anode based on corncob waste-derived hard 
carbon and binder for sodium-ion batteries 

P.37_T01 Hamideh Darjazi A comparative study of hard carbon derived from forestry waste anode for Na-
ion batteries regarding binders’ effects and electrochemical properties 
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POSTER CONTRIBUTIONS 
 

Tuesday Poster Session (Sala Expo): 17:30÷19:00 
 

Code Presenting Author Title 

P.38_T02 Silvia Comis Study of the photo-renewable properties of a Au microelectrode covered 
with TiO2 for the detection of dopamine 

P.39_T02 Agnese Giacomino 
Development of electrochemical sensors for the determination of the 
different forms of iron as possible biomarkers for the early diagnosis of 
neurodegenerative diseases 

P.40_T02 Paolo Inaudi Voltammetric methods for monitoring UV filters in sunscreens 

P.41_T02 Mattia Reato Chemosensing Behavior of Films of Au25(SR)180 Nanoclusters: Toward 
Possible Application as Electronic Noses 

P.42_T02 Sabina Susmel POM@PMO plastic electrode for phosphate electrochemical detection: a 
further improvement of the detection limit 

P.43_T03 Matteo Bonomo Innovative and Sustainable Materials for Aqueous Dye-Sensitized Solar 
Cells: a Focus on Photoanode/Electrolyte Interface 

P.44_T03 Valeria D'Annibale Theoretical characterization of the electronic properties of P1 push-pull 
organic chromophore for Dye-sensitized Solar Cells 

P.45_T03 Marinella Difonzo Dye-doped silica nanoparticles: effect of nanoparticle size on the efficiency 
of electrochemiluminescence-based biosensors 

P.46_T03 Marco Fantin Looking into the Light: Electrochemical Online Monitoring of 
Photochemical Atom Transfer Radical Polymerization 

P.47_T03 Rodrigo Henríquez Performance enhancement of dye-sensitized solar cells via co-sensitization 
with RK1 and MK2 dyes 

P.48_T03 Giovanni Valenti New Insights Into Electrogenerated Chemiluminescence Mechanism for the 
Enhancement of Bioanalytical Performance 

P.49_T04 Marco Bonechi On the Electroreduction of Halogenated Naphthalene Derivatives an 
integrated Electrochemical and Theoretical Study 

P.51_T04 Magdalena Hromadova Conductance properties of single molecules with increasing number of 
parallel aliphatic bridges 

P.52_T04 Lubomir Pospisil lectron Transfer and Structure Folding of Long Molecules Confirmed by 
Spectroelectrochemistry 

P.53_T04 Enrico Tognella Role of the solvent and monomer on the activation kinetics of Atom 
Transfer Radical Polymerization (ATRP) 

P.54_T05 Federica Proietto Electrochemical remediation of kaolin-soil contaminated by phenol: effect 
of several operative parameters 

P.55_T06 Anna Comparini Effect of aluminum alloys’ surface roughness on galvanic layers adhesion 

P.56_T06 Walter Giurlani Electrochemical methods for the content determination of organic 
additives in commercial copper plating baths 

P.57_T06 Massimo Innocenti Electrolyte’s specific ion effect towards the electrodeposition of copper 

P.58_T07 Mousa Ali Mousa Al-Rbai'eh Potentialities of electrochemical atomic force microscopy EC-AFM and 
other scanning techniques in solid state electrochemistry 

P.59_T08 Cristine D’Agostino Impedimetric characterization of supramolecular chemistry-based gold 
electrodes for immunosensors development. 
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P.60_T08 Simona De Zio Scanning Electrochemical Microscopy Characterization of Cellular Glucose 
Uptake with a Micro-biosensor Suitable for Hypoxic Microenvironments 

P.61_T08 Pedro Pablo Machado-Pico Optimization of Critical Raw Materials-free Cathodes for Oxygen Reduction 
in Microbial Fuel Cells 

P.62_T09 Davide Dessantis Modelling of lithium-ion battery with sulfide-based solid-state electrolyte 

P.63_T09 Piera Di Prima Effect of geometry upscaling on accuracy and computational performance 
of electrochemical-thermal model for li-ion pouch cell 

P.64_T09 Adriano Sacco Correlation between Impedance Spectroscopy and Bubble-induced Mass 
Transport in the Electroreduction of Carbon Dioxide on Metal Electrodes 

P.65_T09 Maria Rosaria Tuccillo Impact of the Iron-Doping on the structural integrity of Co-free Li-Rich 
Layered oxides (LRLO) for positive electrodes in Lithium-ion batteries 

P.66_T09 Pietro Zaccagnini Electrode polarization in the presence of a first-order ionic trapping 
reaction 

P.67_T10 Elena Bombonato Electrochemical investigation of Minisci reaction 

P.68_T10 Martina Bortolami Electrochemical Synthesis of Carbon Dots and Their Applications 

P.69_T10 Abdirisak A. Isse Iron-catalyzed electrochemically mediated atom transfer radical 
polymerization 

P.70_T10 Fernando Jr. P. Magboo Acid Lewis catalyzed reactions of electrogenerated BF3 from BMIm-BF4 
Ionic Liquid 

P.71_T10 Cinzia Michenzi Electrochemical Synthesis of Carbon dots from Industrial Orange Peel 
Waste for Catalytic and Photochemical Applications 

P.72_T10 Vincenzo Scarano 
Reaction of Electrogenerated Cyanomethyl Anion with 
Cyclohexylisocyanate: Synthesis of N-(cyclohexylcarbamoyl) acetamide. An 
Unexpected Product. 

P.73_T11 Riccardo Morina Energy Harvesting from Human Gait by means of Electrostrictive Effect 
Exploiting Polymer Nanocomposites 

P.74_T11 Alessandro Piovano Protic ionic liquids (PILs) as electrolytes for stable Li-batteries 

P.75_T11 Beatrice Ricciardi Iron- Polymer Organic Porous (Fe-POP) electrocatalyst for Alkaline Fuel Cell 
(AEMFC) 

P.76_T06 Emanuele Salvietti More eco-sustainable galvanic baths for jewelry and fashion accessories 
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OPENING TALK 

The future of solar energy: printable photovoltaics  

Aldo Di Carlo1,2 

1CHOSE-Center of Hybrid and Organic Solar Energy, University of Rome TOR VERGATA, Italy 
2 ISM-CNR, Institute of Structure of Matter, National Research Council, Rome,  Italy 

aldo.dicarlo@uniroma2.it 
 

The request for green source of energy to replace fossil fuels is pushing the research in 
photovoltaic (PV) technology well beyond the conventional silicon solar cell.  
In particular, the recent development of new organic and hybrid organic-inorganic material 
permitted to explore new routes for fabrication and use of photovoltaics.  
The flexibility of such materials permits to tune their properties for specific application as for 
example the semitransparency use in see-trough PV or in greenhouses as well the color for 
Building Integrated PV.  

A peculiar property of this new generation PV consists in the possibility to deposit the different layers forming the solar 
cell by using conventional printing technologies such as screen printing, slot-die coating, ink-jet etc. 
This permit to reduce the cost for fabrication equipment and provide all the flexibility of printing technology to adapt 
production to market requests.  
Several new generations of PV technologies has been developed so far such as Organic Solar Cell (OSC), Dye Sensitized 
Solar Cell (DSSC) and Perovskite Solar Cell (PSC).  
In this talk, I will introduce this new PV generation and provide some examples of fabrications and applications with a 
special attention to architectonical integration. At the same time, I will discuss the possible integration with 
conventional photovoltaics in tandem structures.  
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The project on energy storage systems carried out by ENEA in the three-year period 2019-2021 was 

divided into three work packages (WPs) dedicated to electrochemical, thermal, and power-to-gas storage, 
respectively. In particular, the WP called electrochemical storage investigated the entire value chain of 
batteries, starting from the synthesis of materials and arriving at the production of complete batteries, without 
neglecting the reuse of spent batteries. The project funding for the entire three-year period was about four 
million euros. Eleven university research groups from seven Italian universities collaborated on the project. 

Studies have mainly focused on lithium-ion batteries (LIBs). To make this technology suitable for 
stationary applications, high working voltage cathodes, high-capacity anodes and electrolytes with improved 
stability have been studied. Both mixed oxides and lithium-rich layered spinel were studied as cathodes. On 
the anode front, studies have been conducted to replace intercalation materials with others capable of 
reacting with lithium through alloying or conversion processes. Silicon nanostructures or magnesium 
hydrides, possibly infiltrated in nanostructured carbon matrices, have been prepared and tested as anodes 
for LIB. To increase electrolyte stability, the use of orthoborate anion salts, ionic liquids, and gelled 
electrolytes was evaluated. To improve the thermal stability and wettability of the separators, polymeric 
membranes produced by electrospinning were prepared. Heat-cured polymeric membranes added with 
ceramic fillers or photopolymerized membranes have also been prepared. From a technological point of 
view, a process was developed to produce electrodes using water as the process solvent, and deposition 
techniques were developed using a rotogravure procedure. 

Research activities have also focused on post-lithium batteries, such as sodium-ion batteries (SIBs), 
lithium-sulfur batteries (LSBs), and lithium-oxygen batteries (LOBs). To make the technology of SIBs 
comparable to that of LIBs, high-voltage cathode materials based on manganese and nickel have been 
developed. Advanced computational modeling enabled the prototyping and screening of these materials. 
Composite anode materials based on Sn, Si, and transition metal oxides were studied. As for the electrolyte, 
systems based on organic solvents, aqueous or ionic liquids were studied. To solve the problem of dendrite 
formation in LSBs and LOBs, efforts were made to protect the lithium anode by developing a coating material 
that could protect the surface of lithium metal and make the deposition of lithium ions uniform, preventing 
their preferential growth. Bipolar LSBs with capacities up to 500 mA have been produced. 

Finally, attention was also given to battery reuse with the design and testing of a stationary storage 
system in second life mode. 

The results of the activities were collected in 82 technical reports and disseminated through 62 peer-
reviewed scientific publications and 89 conference appearances. Two patents were also filed as part of the 
project to protect results that could be of industrial interest. 
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The 2019-2021 ENEA project on electrochemical energy storage 

Pier Paolo Prosini 
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Cancer Research by Scanning ElectroChemical Microscopy 

Maila Becconia, 
Simona De Zioa, Maila Becconic, Francesco Falciani,a Marco Malferraria, Pier Giuseppe Peliccib, 

Stefania Rapinoa 
 

a Department of Chemistry “Giacomo Ciamician”, Alma Mater Studiorum, University of Bologna 
Via F. Selmi 2, 40126 Bologna, Italy 

bDepartment of Experimental Oncology, Istituto Europeo di Oncologia, Via Adamello 16, 20139 Milano, Italy 
e-mail presenting author: stefania.rapino3@unibo.it 

 

According to the World Health Organization, cancer is a leading cause of death worldwide, accounting for 
nearly 10 million deaths in 2020, or nearly one in six deaths. In the last decades, many efforts were made in 
the cancer research field, and over the years the survival percentages at five years from cancer diagnosis 
increased to 59.4% for the men and 65 % for the women (in Italy). Anyway, to further increase these 
percentages, many cancer hallmarks and mechanisms have still to be clarified, in order to target them by 
developing more efficient therapeutic and diagnostic strategies. Metabolic alterations characterize cancer; 
nevertheless, how these alterations track or even contribute to disease progression is still an open issue. 
Metabolic activity can be highly dynamic over time and spatially very heterogeneous. The majority of 
oncogenic signaling pathways converge to adapt cancer cell metabolism to sustain the energetic and 
biosynthetic demands of uncontrolled cell proliferation.  
The real time and in situ imaging of cell status and of small molecules and metabolites, such as glucose and 
lactate, is a real challenge. These molecules are too small to be tagged without altering their functioning in 
the cell.  
Early breakthrough in the identification of the roles of key molecular players were only possible thanks to 
innovative experimental technologies. In this contribution the potentiality of Scanning Electrochemical 
Microscopy (SECM) to provide information about the cancer mechanisms and metabolism will be shown. 
SECM can be used to map in real-time the local concentration and time evolution of key player molecules in 
close proximity of cell membranes. [1-4] 
We demonstrated that the scanning electrochemical approach is a highly informative tool in the cancer 
related bio-analytical challenge. Cell functional imaging allows identifying cancer cells and helps to elucidate 
mechanisms of cancer initiation and progression. 
 
References 
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Electrochemical production of broad-spectrum nanoantimicrobials 

 inhibiting SARS-CoV-2 and resistant biofilms  

Maria C. Sportellia, Margherita Izzia,b, Daniela Loconsolec, Anna Sallustioc, Rosaria A. 
Piccaa,b, Roberto Felicid, Maria Chironnac, Nicola Cioffia,b 

(a) Chemistry Department and (b) Bari Unit of CSGI consortium, University of Bari “Aldo Moro”, V. Orabona, 
4, 70126, Bari, Italy.; 

(c) Department of Biomedical Sciences and Human Oncology-Hygiene Section, University of Bari “Aldo 
Moro”, Piazza Giulio Cesare, 1,1 70124, Bari, Italy 

(d) CNR-SPIN, Area della Ricerca di Tor Vergata, Via del Fosso del Cavaliere, 100, Rome, Italy 
nicola.cioffi@uniba.it  

 
In 2019, the new coronavirus disease (COVID-19), related to the severe acute respiratory syndrome 

coronavirus (SARS-CoV-2) started spreading around the world [1]. Since then, many strategies for the 
prevention and control of COVID-19 have been studied and implemented. Besides pharmacological 
treatments and vaccines, prevention of the virus spread can help the fight against SARS-CoV-2. As to the 
latter aspect, one of the characteristics sought in a (nano)antiviral treatment is to ensure the cleaning and 
sterilization of common touch, inanimate surfaces, especially in all those contexts where contagion could run 
fast: hospitals and clinical laboratories, schools, transport and public places in general [2]. Another level of 
action could be the treatment of hospital waste and infected sludges [3].  

Here we report on the efficacy of electrosynthesized metal oxide nanoparticles (NPs) against SARS-CoV-
2. NPs have been produced by a scalable and ecofriendly method [4], based on the so-called 
electrochemical sol-gel approach [5,6]. The peculiarities of our routes to metal oxide nanoantimicrobials will 
be discussed and compared to alternative methods we are investigating for the production of different metal 
nanoantimicrobials. The results of microscopy (TEM), diffraction (SAED) and spectroscopy (UV-Vis, ATR-IR, 
XPS) analyses will be discussed, offering an overview of the materials structure, composition and surface 
reactivity. The NP antiviral activity has been tested in vitro against SARS-CoV-2, showing a decrease of the 
viral loading comprised between 60% and 100%, as a function of the material’s composition. [7] Application 
of these nanoantimicrobials as coatings for hard touching surfaces and waste disinfection is envisaged. 

Additionally, the same materials can be used as antibacterial/antibiofilm agents. Their main applications 
in other technological fields will be concisely overviewed, and conclusions will be drawn about the most 
exciting perspectives in the field of new generation nanoantimicrobials. 
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Electrochemistry Division Master Thesis Awards 

 

Marco Bonechi (Università di Firenze) 
Premio di Laurea Berkem 
He showed an interest in the study of chemistry from an early age, by participating in 
numerous chemistry competitions. These include the 2014 edition of National 
Chemistry Competition and the 2012-2015 Chemistry Games in which he received 
numerous prizes. Marco Bonechi received his master’s degree in chemical sciences 
from the University of Florence in 2021 with a mark of 110 cum Laude and 
congratulations from the commission for his excellent course of study. After a 
scholarship and a research grant at the Applied Electrochemistry Laboratory of the 
University of Florence, he is pursuing a PhD in Chemical Sciences. He is currently the 
author of 8 scientific publications concerning molecular electrochemistry and 
electrocatalysis. 

 

Lorenzo Mezzomo (Università di Milano Bicocca) 
Premio di Laurea FIAMM Energy Technology 
Lorenzo Mezzomo received his Master degree in Materials Science in 2020 from the 
University of Milano Bicocca with a thesis work that involved the production of 
nanocomposite solid state electrolytes for next-generation alkali–metal batteries and 
the investigation of their self-healing capabilities. Currently, he is working in the Prof. 
Riccardo Ruffo’s group as 2nd year Ph.D. student at the University of Milano Bicocca 
thanks to a fellowship focused on the development of more performant energy 
storage devices, with a particular focus on electrolytes development. 

 

Mattia Reato (Università di Padova) 
Premio di Laurea Photo Analytical S.R.L.  
Mattia Reato graduated in Chemistry (bachelor’s degree) in 2017, from the University 
of Padova, under the supervision of Prof. Marco Frasconi with whom he studied 
electrodes functionalized by selfassembled monolayers carrying redox centers. In 
2019, he graduated in Chemistry, also at the University of Padova, under the 
supervision of Prof. Sabrina Antonello with whom he used molecular electrochemistry 
to study electron transfers between molecular metal nanoclusters (NCs) in solution 
and in the solid state. Currently, he is a PhD student working under the supervision of 
Prof. Flavio Maran and Dr. Sara Bonacchi. His research project focuses on the synthesis 
and use of metal NCs to build 1D, 2D, and 3D  
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 Arianna Massaro (Università Federico II di Napoli) 
Premio di Dottorato Engitec Technologie 
Arianna obtained her PhD in Chemical Science cum Laude at Università di Napoli 
“Federico II” in 2021, under the supervision of Proff. M. Pavone and A.B. Muñoz-
García (MUSICHEM LAB). During the PhD, she has been Visiting Student in the group 
of Prof. A. Pádua at ENS de Lyon (France) and in GAME LAB of Prof. C. Gerbaldi at 
Politecnico di Torino (Italy). She is now working as Post-Doc at MUSICHEM LAB, and 
she is Visiting Researcher in the group of Prof. Balducci at University of Jena 
(Germany) within the STAR PLUS grant. Her recent and ongoing studies focus on the 
investigation and tuning of structure-property relationship in functional materials 
with potential application in advanced electrochemical devices. She is 
author/coauthor of 13 scientific publications, of which 7 as first author. 

 Luca Casanova (Politecnico di Milano) 
Premio di Dottorato Fondazione Oronzio e Niccolò De Nora  
Luca Casanova is a young researcher active in the field of surface treatments and 
corrosion science. He pursued his master’s degree in 2018 at Politecnico di Milano, in 
materials engineering and nanotechnology, with a score of 110/110 with honors and 
a thesis dedicated to photocatalytic applications of metal oxides. In 2022 Luca finished 
his PhD with honors at Politecnico di Milano with a thesis focused on plasma 
electrolytic oxidation (PEO) treatments applied on valve metals, and the investigation 
of the acidic corrosion mechanism of titanium. Particular attention was devoted to 
electrochemical impedance spectroscopy (EIS) which permitted to highlight the 
importance of controlling the oxide stoichiometry to enhance the barrier properties 
of materials immersed in low pH environments. 

 Williane Da Silva Freitas (Università di Roma Tor Vergata) 
Premio di Dottorato Fondazione Oronzio e Niccolò De Nora 
She received her Ph.D. in Chemical Sciences in 2022 at the University of Rome Tor 
Vergata, carrying out her research activity in the MaDE@UTV (Materials and Devices 
for Energy at University of Rome Tor Vergata) group, under the supervision of Profs. 
Barbara Mecheri and Alessandra D'Epifanio. Currently, she is a Postdoctoral 
Researcher in the MaDE@UTV group dealing with the development of PGM-free 
electrocatalysts for fuel cells and flow batteries. Author and co-author of 6 
publications, she has presented 12 contributions at national and international 
conferences, including an oral communication by invitation and 3 communications 
awarded as the best oral or poster contribution 
 

 

Daniele Versaci (Politecnico di Torino) 
Premio della Divisione di Elettrochimica in Memoria del Prof. Claudio Maria Mari 
Daniele Versaci graduated in Environmental Chemistry in 2014 at Università degli Studi 
di Torino, with a master thesis on hybrids anodic materials for lithium-ion batteries. In 
April 2021, he obtained his Ph.D in Material Science and Technology, with honors, 
based on the development of advanced cathode and anode materials for high-energy 
post Li-ion batteries, for which he received the 2020 quality award from the Board of 
the Doctoral School of Politecnico di Torino. He is co-author of 22 articles in 
international peer-reviewed journals, an international patent and more than 15 
contributions at scientific conferences. He has been involved in numerous research 
projects both national and European. His current research topics regard the study and 
development of various active materials for energy storage application.  
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1 Department of Chemistry “Ugo Schiff”, University of Florence, via della Lastruccia 3, 50019 Sesto Fiorentino, Italy 
2 National Interuniversity Consortium of Materials Science and Technology (INSTM), Via G. Giusti 9, 50121 Firenze, Italy 
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5 Dipartimento Scienze Chimiche e Geologiche, via Giuseppe Campi 103 41125 Modena, Italy 
6 Department of Engineering ‘Enzo Ferrari’, University of Modena and Reggio Emilia, Via Vivarelli 10, 41125 Modena, 

Italy 
7 Center for Colloid and Surface Science (CSGI), Via della Lastruccia 3, 50019 Sesto F.no (FI), Italy 

8 Insititute of Chemistry of Organometallic Compounds (ICCOM) – National Research Council (CNR), via Madonna del 
Piano 10, 50019 Sesto Fiorentino, Italy 

e-mail presenting author: marco.bonechi@unifi.it 
 

Electrochemistry is a useful tool to study organic reactivity for the characterization of molecular properties as well as 
electropolymerisation. The latter case involves the production of radical species formed during electrochemical 
oxidation or reduction, generally through the formation or dissociation of chemical bonds. Within this field the 
electropolymerisation of benzoderivatives is a growing topic due to the possible realisation of new materials with 
specific characteristics and properties. 
Resorcinol electropolymerisation is a quite efficient and facile process, also in connection with industrial applications 
such as resin production. We propose an oxidation-polymerisation mechanism for the resorcinol molecule, which is 
based on an integrated electrochemical and theoretical approach [1]. The electrochemical oxidation of resorcinol is 
experimentally studied at different working electrodes using cyclic voltammetry measurements. The results of an 
exhaustive electrochemical characterization are presented, and integrated with the outcome of complementary 
analytical techniques: HPLC-UV-DAD and HPLC-MS. We demonstrate that upon electrochemical oxidation of resorcinol, 
the electropolymerisation is triggered and a polymer film can be easily grown on the surface of the electrode. The 
polymer film morphology was characterized by recording optical, SEM and AFM micrographs.  
Electropolymerisation can also be achieved by electrochemical reduction of halides benzoderivatives such us 1-Br-2-
naphtol and 1-I-2-naphtol [2]. The reduction mechanism is assessed and disassembled at a molecular level by using DFT 
based quantum mechanical calculations. The products of the electroreduction process are characterized by using HPLC-
DAD chromatography, SEM imaging and AFM image. A consistent picture is obtained by the comparison between 
experimental and theoretical results, indicating that the carbon-halogen bond dissociates following the first electron 
uptake, with a stepwise mechanism. 
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L. Mezzomo,a P. Mustarelli,a R. Ruffoa  

a Department of Materials Science, University of Milano-Bicocca, Via Cozzi 55, 20125-Milano, Italy 
 

l.mezzomo@campus.unimib.it 
 

Specific capacity and energy density of lithium-ion batteries (LIBs) are still clearly below the standards required by the 
automotive industry for a widespread implementation into electric vehicles. This fact is exacerbated by several 
degradative processes which induce capacity fading into devices upon few cycles. Therefore, it results necessary to 
increase the overall battery capacity and, at the same time, to reduce the performance decay. One promising way to 
increase the specific capacities consists in the substitution of graphite with metallic lithium. The passage to lithium-
metal batteries (LMBs) permits to exploit a negative electrode that displays a capacity ten times higher than graphite 
and a more negative potential.3 Alternatively, to overcome the dependence on lithium also sodium-metal batteries 
(NMBs) can be considered as a promising high-energy alternative to LIBs. Unfortunately, the exploitation of alkali metal 
anodes is not as straightforward since dendrites, formed during the plating of ions on the metal anode, can pierce 
through the separators leading to dangerous short circuits of the whole cell. [1] 

    To tackle this issue many different and specific strategies have been adopted. Particularly, the exploitation of 
mechanically strong solid-state electrolytes (SSEs) has demonstrated its effectiveness in slowing the growth of dendrites 
thanks to their high modulus that work as physical obstacle against these protrusions. Since commonly employed 
polymeric electrolytes are not able to stop the propagation of dendrites, it results necessary to pass to stiffer SSEs that 
conjugate a sufficient mechanical strength with the good adhesion typical of polymers. 
     Consequently, aim of this thesis was the production, the characterization and the implementation of nanocomposite 
SSEs into lithium-metal and sodium-metal batteries. In particular, TiO2 NPs functionalized with short chains of PEO5K 
were embedded into polymeric matrixes, constituted of high Mw PEO4M and conductive salts such as LiTFSI or NaTFSI, 
in order to increase the resistance of the polymer against dendrite penetration. [2] The functionalization step permitted 
to encompass ceramic content up to 50% wt% without compromising the homogeneity of the SSE. For intermediate 
amounts of fillers, both ionic conductivity and mechanical strength resulted enhanced, improving the performances also 
in full cells and incredibly improving the stability against dendrites. Additionally, a peculiar self-healing behaviour, 
further investigated in subsequent works, was also observed for symmetric Li/Li cells that resulted able to reinstate 
cycling operation after dendrite-induced short circuit. 
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Gold Nanoclusters Films  

Premio di Laurea “Photo Analytical S.R.L” 

M. Reato a  
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 Atomically precise ligand-protected nanoclusters (NCs) are unique materials in that they exhibit molecular 
behavior for diameters of less than 1.6 nm [1,2]. Their tunable properties make them very interesting materials for 
applications, such as customized electronic, electrochemical, optical, and magnetic devices [3,4]. As opposed to the 
larger Au nanoparticles, the stoichiometry and, in most cases, the structure of many Au nanoclusters is known, which is 
expedient to understand their property-structure relationships. Despite the ever-growing studies carried out in this 
field, a very limited amount of work has focused on the properties of NCs in the solid state [5]. My master thesis is a 
first attempt to fill this void in the general area of ligand-protected gold nanoclusters, consisting of a fundamental study 
of the details of electron transfer (ET) in films of Au25 NCs (Figure 1), also in view of their possible application as active 
materials in chemoresistive sensors. 

The experimental work mostly focused on Au25 clusters protected by 18 linear alkanethiolates SCnH2n+1 (where 
n = 3, 4, 5, 6, 7, 8, and 10). More generally, the solid-state ET process was systematically studied by modifying 
parameters, such as: (i) the length of the ligands capping the Au core, (ii) the size of the metal core, (iii) the charge of 
the NCs, (iv) the presence of foreign-metal atoms (doped clusters), and (v) the presence of specific functional groups in 
the monolayer. The introduction of functional groups in the cluster monolayer was also accomplished by taking 
advantage of a novel vapor-phase ligand-exchange reaction. Tests were also carried out about the chemoresistive 
performance of drop-casted films toward a series of volatile organic compounds.  

 

 
Figure 1: (A) X-ray structure of a typical Au25 nanocluster, here protected by 18 ethanethiolates. Color codes: yellow = Au, red = S, 

gray = C, white = H. (B) graphic representation of the ET process in a film of Au NCs.  
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Aiming at the large-scale deployment of Na-ion batteries (NIB), this Thesis work addresses the design and 
development of advanced functional components able to ensure enhanced efficiency in the main operating processes 
[i]. By employing state-of-the-art computational modelling and simulation techniques that can be directly related to 
experimental outcomes, we are able to unravel open questions on Na+ uptake, transport, and storage in case-study 
materials and to unveil the key features that affect the underlying mechanisms with atomistic detail [ii]. This Thesis 
covers some of the most relevant topics in the assessment of NIB components, from the sodiation mechanisms in anode 
materials, to the investigation of anionic redox in high-energy cathodes, and also the study of ion transport in complex 
electrolyte systems. Our DFT-based investigations reveal that sodiation in TiO2 anatase nanoparticles (NPs) and 
MoS2/Graphene 2D heterostructures is driven by intrinsic features and can be boosted by structural modifications, i.e., 
preferential growth of TiO2 NPs along the (001) direction [iii] or introduction of S vacancies in MoS2 [iv]. The first-
principles study on oxygen redox activity in layered oxide cathodes shows that O2 release can occur in NaxNi0.25Mn0.68O2 
at high voltage via formation of superoxo-species and preferential breaking of labile Ni-O bonds, but it can be prevented 
by suitable doping, i.e., Fe, leading to improved reversible capacity [v, vi]. The use of polarizable force fields in classic 
MD simulations enables the reliable prediction of Na+ transport into ionic liquids (IL)-based electrolytes [vii]. The 
electrochemical characterization of RT-ILs combined to cross-linked polymer matrix highlights the possibility to obtain 
stable and conductive quasi-solid electrolytes with encouraging performances in Na cells. All-in-all, this Thesis can prove 
to what extent the cooperation between theory and experiments allows to deliver new knowledge on materials and 
processes that are key for NIB applications, and thus has strong potential to become an unavoidable driving force to 
foster the innovation and production of highly performing NIB devices. 

 

 
Figure 1: Representation of our approach to investigate NIB operating principles in component materials 
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Hydrogen is a very important energy vector considered as one of the main actor in the actual energy transition 
process. When hydrogen makes its way into titanium, and the concentration eventually approaches the solubility limit 
of the material, weaknesses may arise from hydrides formation inducing loss in ductility and failure of the component. 
The phenomenon of Ti corrosion in sulfuric acid has been well documented in literature where, according to coulometric 
weight-loss and polarographic analyses, it was established that the metal generally goes in solution as Ti2+ in case of 
electrode activity (i.e. corrosion potential Ecorr < ~ − 620 mV/SSCsat. for Ti in 2 M H2SO4). On the other hand, as Ecorr rises 
~ 100 ÷ 130 mV above a certain threshold, identified as the critical potential (Ecrit) falling around − 477 mV/SSCsat. (for Ti 
in 2 M H2SO4) Ti3+ are released in solution, while for more anodic potentials the metal corrodes as Ti4+. It is well 
recognized that, provided Ecorr is sufficiently negative in a low pH environment (pH < 2), H+ can not only be adsorbed in 
the electrical double layer but also intercalate within TiO2 according to the reduction reaction: 𝑇𝑖4+𝑂2 + 𝐻3𝑂 + + 𝑒 − ↔ 
𝑇𝑖3+(𝑂)(𝑂𝐻) + 𝐻2𝑂 becoming feasible for Ecorr < − 197 mV/SSCsat. considering present conditions (10 %v/v H2SO4 at 60 
°C). Such a reduction process, assisted by proton intercalation, can be thought as a local charge compensation 
mechanism in correspondence of the formation of Ti3+ centers causing the inevitable increase of the material 
conductivity making the coating an inefficient barrier against H+ diffusion. A rather recent technique, with important 
applications in industry and research field found to be effective against many forms of corrosion is plasma electrolytic 
oxidation (PEO). Typical PEO oxides present a morphology characterized by a porous outer layer, imparting to the 
coating a rather high thickness, whose features are generally affected by the plasma developed during the treatment, 
and a barrier layer immediately in contact with the metallic substrate responsible for corrosion protection. It will be 
demonstrated how the use of a pulsed regime supports the growth of a barrier layer mainly constituted by Ti4+ bearing 
oxide phases (Figure 1b) including a low level of S impurity.  

 
Figure 1: TEM images and EELS characterization of titanium oxide produced by PEO in a DC and b pulsed regime. 

This approach of designing a highly stoichiometric (Ti4+) and S deficient barrier layer results in enhanced protection 
of the metallic substrate, limiting H recombination at the oxide-metal interface. This process delayed the coating 
debonding thus preserving Ti from 24 h immersion in 10 %v/v sulfuric acid at 60 °C, a common environment adopted 
during metal pickling procedures. 
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High energy demand faced with the urgent need for a transition towards a circular economy requires strategies to 
reduce the environmental impact generated by the transport and industrial sectors [1]. Hydrogen-fed anion exchange 
membrane fuel cells (AEMFCs) are very promising for decarbonization of the transport sector, offering the possibility of 
using green chemistry strategies for materials synthesis at a relatively low cost. In addition, microbial fuel cells (MFCs) 
are bioelectrochemical systems that combine power generation and wastewater treatment at a low cost, by exploiting 
the metabolism of microorganisms towards the oxidation of organic substrates [2,3]. Oxygen is widely used as an 
electron acceptor at the cathode side of AEMFCs and MFCs due to its natural availability and high-power output, but 
the slow kinetics of oxygen reduction reaction (ORR) still requires the use of Platinum-Group-Metal (PGM) catalysts. 
However, they are high-cost materials with low-performance durability under operating conditions. Many research 
efforts have thus been devoted to developing PGM-free catalysts, and transition metal-nitrogen-carbon (M-N-C) 
materials have been identified among the most promising alternatives for the ORR. Despite the progress made, there 
are still numerous challenges before PGM-free catalysts become viable for fuel cell applications, including activity, 
density, accessibility, and durability of the active sites [4]. This study proposes different synthesis strategies to obtain 
M-N-C catalysts with high ORR activity and durability. Imidazole-based compounds, iron salt, and zeolitic imidazolate 
frameworks were adopted as precursors to synthesize oxygen-reducing Fe-N-C catalysts at alkaline and neutral pH, in 
which chemical surface and catalytic activity were optimized by combining spectroscopic and electrochemical analysis. 
Such materials were assembled at the cathode side of both H2-fed AEMFC and MFC devices (Figure 1), demonstrating 
their applicability as Pt/C substitutes with high electrochemical performance and good durability [2,3]. 
 

 
Figure 1: Scheme for the Fe-N-C catalysts applications in both AEMFC and MFC devices. 
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Lithium-ion batteries (LIBs) are well established energy storage devices for electronic, transportation and renewable-
energy applications. Nevertheless, to meet the ever-increasing energy storage demand for electrical mobility and smart 
grid, future batteries have to guarantee higher energy density and, at the same time, sustainable and cheaper solutions. 
In this frame anode and cathode materials with higher specific capacity are required.  

From the cathode side, according to preliminary DFT calculations, carbon nitride (g-C3N4) was selected and 
investigated as lithium polysulfides trapping agent in Li-S battery, using a double-layer approach. Carbon nitride was 
synthetized by a simple thermal condensation route using different precursors, with the aim of evaluating the 
polysulfides trapping ability in relation with morphology and surface chemistry of different g-C3N4 materials.  

In a second step, g-C3N4 was synthetized from urea at different temperatures showing variations in specific surface 
area and surface functionalities. In particular, different amounts of pyridinic nitrogen, directly interacting with lithium 
polysulfides, were detected. In conclusion, carbon nitride obtained from urea at 550 °C resulted to be the best candidate 
as trapping agent in the double-layer sulphur cathode and the electrode containing carbon nitride demonstrated long 
cycling performances, for more than 500 cycles, as well as better electrochemical performances at higher C-rates.  

Concerning the anode electrode, tin oxide-based materials were investigated. Two different strategies were 
presented in order to limit the rapid capacity fading of tin oxide anode, increasing the reversibility of the conversion 
reaction and at the same time containing the huge volume expansion. The first strategy was a simple and scalable wet 
impregnation synthesis, where tin oxide was directly grown on the surface of a commercial carbon black. The final 
hybrid compound, containing a particularly high amount of SnO2 (30 wt.%), showed a specific capacity higher than 500 
mAh g-1 for more than 500 cycles, with a coulombic efficiency of about 99.9 %. These outstanding electrochemical results 
were correlated to an optimal distribution of small tin oxide nanoparticles directly anchored to C45 surface.  

The second strategy adopted g-C3N4, already used for the cathode material, as high surface support for tin dioxide 
growth. In this case, a simple solid-state synthesis was selected, and the SnO2 precursors were directly mixed with 
carbon nitride. The final hybrid compound showed a final amount of SnO2 of about 90 wt.% and a huge specific surface 
area able to contain the volume expansion of tin oxide particles during the alloying process. The final compound showed 
good electrochemical results, presenting a specific capacity of about 500 mAh g-1 for 100 cycles at 1C, and interesting 
results at higher current regimes.  

Last but not least all the synthesis approaches studied in this work resulted valid strategies to increase the 
electrochemical performances while being simple, sustainable and easily up-scalable. 
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While the global impact of energy sources that are (more) sustainable (than fossil fuel-based ones), the need for 
the materials that enable this, is at best under-estimated. Sustainability, implying long life-span or fast and complete 
regeneration, runs up against the mantra of continuing quantitative growth and consumerism, which adds to the 
science and technology (S&T) challenge of re-turning to repairable devices, starting with designs that make it practical. 
The pecking order is from repair to healing to self-repair to self-healing, with the last ones the most relevant for 
materials that form device components. 
The ability for autonomous (except for energy input) repair and healing is known from biology and if the time scale 
matches that of the one for the intended function leads to sustainability. In man-made materials this area has mostly 
been limited to organic, especially polymeric ones. I will focus on the few cases where materials  for light ® electricity 
interconversion can fix their damage, autonomously, with emphasis on materials for photovoltaics. By unravelling the 
mechanisms that make this possible, we try to arrive at more general design rules. 
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e-mail:golod@tauex.tau.ac.il 
 

The development of an efficient devices for energy storage, conversion, and transmission is one of the key priority 
areas today. At the center of these activities is the development of all-solid-state free form-factor batteries.  

 
Our research pioneers two simple approaches of the fabrication of advanced flexible lithium-ion batteries. The first 

method is based on a single-shot extrusion of a recyclable battery with a multi-shell architecture comprising 
biodegradable polymer-based components [1]. It was found that extrusion process promotes longitudinal orientation 
of polymer macromolecules. The thermoplastic polymers PLA and TPU improve the mechanical properties of neat PEO-
based polymer electrolyte, form complexes with lithium salt and serve as conducting medium. Flexible all-solid LiTFSI-
based PEO-TPU blended electrolyte showed higher conductivity than that of PEO-PLA. Plasticization of the electrolytes 
by LiTSI-Pyr14TFSI increases bulk conductivity by an order of magnitude.  

 
The second method is based on a unique, concurrent electrophoretic deposition (EPD) of positive and negative 

battery electrodes (LFP and LTO) on opposite sides of a commercial nanoporous Celgard 2325membrane to form a 
three-layer-battery assembly [2]. The cell comprising this electrophoretically deposited structure ran for more than 150 
cycles with 125-140mAh/g capacity, which approaches the theoretical value of lithium iron phosphate.  

 
The in-situ and ex-situ characterization techniques, such as ESEM, TOFSIMS, DSC, XPS, Broad- Band Dielectric and 

THz time-domain spectroscopy [3] were used for the testing of materials and study of the mechanisms of ion conduction.  
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Renewable power generation by solar and wind have begun to transform and decarbonize electricity sectors around 
the world, but reliable and resilient systems based on such intermittent sources will require a combination of firm 
electricity generation, flexible demand, and energy storage. Aviation, long-distance freight transport, and high-
temperature industrial processes, such as steel, cement and ammonia production are historically difficult to electrify 
and decarbonize. Electrochemical technologies offer unique solutions to these challenges by enabling low temperatures 
and pressures processes and using electricity to drive the reactions and store or convert energy. These include not only 
direct energy storage in batteries, but also options for converting electricity into chemical form via chemicals and fuels 
that could supplant fossil hydrocarbons in net-zero emissions energy systems. Electrochemical technologies support 
carbon dioxide capture, conversion and valorization, water desalination, wastewater treatment and reuse, contributing 
to climate change mitigation, improving air quality, urban sustainability, food production and addressing complex water 
availability quality for industrial, agricultural, and urban use.  

We will present here a conceptual path is to enable net-zero emissions energy systems and improve human health 
and prosperity by transforming the chemical, manufacturing, and energy sectors through electro-chemical engineering 
of the Hydrogen, Carbon and Nitrogen Cycles. Central convergent theme is the urgent need to address the 
decarbonization of manufacturing and chemical sectors, using the means of basic science and engineering integration 
with technoeconomic and socio-economic analysis, practiced dynamically over the network of multiple economic nodes, 
to inform and direct the scientific and engineering effort to the maximum impact.  

As an energy storage medium, “green” H2 is generated in electrolyzers and then is utilized (converted to electricity) 
in fuel cells – both processes being electrocatalytic ones. Moreover, the rate-limiting (and efficiency lowering) processes 
in those devices are oxygen evolution and oxygen reduction reaction (OER/ORR). These two processes surmount to a 
great proportion of electrocatalysis effort. The range of catalyst materials to be employed in such effort includes metals, 
oxides, and carbonaceous materials. We will present here an overview of our work on different catalysts synthesis 
protocols to engineer highly functional materials at nano/micro/meso scale with well-defined morphology, size, shape, 
surface and bulk composition and structure. An example of one such model material set based on N-doped carbon 
nanostructures decorated with atomically dispersed nonprecious metals, demonstrating control over carbon particle 
size and shape, distribution of nitrogen and metal sites. These materials are being coupled with various aqueous 
electrolytes with a wide pH range to demonstrate functionality in fuel cells, metal air batteries and microbial 
electrochemical systems. 

Another major area of electrocatalysts technology is in capture and conversion of CO2 to fuels and value-added 
chemicals. We will show here examples of nanostructured and atomically dispersed catalyst materials for the 
electrochemical carbon capture and conversion into syngas. The next target for the electrocatalyst development is to 
introduce new materials, electrolytes and optimum conditions for the conversion of CO2 beyond CO and formate to 
multi-carbon species such as ethylene or alcohols. We will exemplify the issue with the use of metallic Cu-based 
electrocatalysts and the active role of 2D and 3D nanomaterials engaged as both supports and co-catalysts. Current 
frontier in the development of electrocatalytic materials is in selective conversion of N2 from air into fertilizers and 
ammonia by low-temperature and low-pressure electrochemical methods. Direct electrocatalytic reduction of ammonia 
would address major societal challenges related and is an area of fierce competition marred with sometimes mysterious 
achievements and overinterpretations. In all, we will present our take on the challenge and a strategy towards and 
electrochemical Haber-Bosch process.  

 
Keywords: electrochemical technology, electrocatalysis, decarbonization, energy conversion and storage 
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Solid-state lithium batteries (SSLBs) have been considered as the most promising next-generation energy storage 
system because they are expected to circumvent safety issues and enhance energy density [1]. The employment of solid 
electrolytes (SEs) enables usage of the ‘holy grail’ lithium metal anode, which possesses the lowest redox potential (-
3.04 V vs. standard hydrogen electrode (SHE)) and a remarkably high theoretical capacity (3860 mAh g−1) [2,3]. A drastic 
energy density improvement, ca. 40 − 50%, is expected to be achieved by replacing graphite with lithium metal [4,5]. 
Most important is the replacement of volatile and flammable liquid electrolytes with SEs, providing a promising 
opportunity to reduce, if not eliminate, the risk of fire and related safety issues [6,7]. Finally, the implementation of SEs 
allows cells with bipolar design. This enables increased energy densities as well as reduced overall cost because of the 
minimized non-active components, such as current collectors inside the cells, but also packaging and external electric 
connections [8-10]. Thereby, ever-growing interests and efforts from both academia and industry have been dedicated 
to this field.  

Solid electrolytes can generally be classified into three categories, i.e., polymers, inorganic, and hybrid electrolytes. 
In view of the advantages of SPEs and ISEs, an increasing number of studies focuses on the development of inorganic-
polymer hybrid solid electrolytes (HSEs) combining the synergies from each individual component. However, the overall 
Li+ transport, resulting from Li+ diffusion kinetics discrepancies across the polymer/inorganic interfaces/interphases 
remains a critical challenge.  

Here we describe a new approach involving the use of thin liquid or polymer/liquid interlayers between the 
electrolyte and electrodes to enable quasi-solid-state cells. Cells employing LFP or NCM811 positive electrodes coupled 
with the lithium metal electrode, offer good cycling performance even in bipolar-stacked configuration [11,12].  
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The most common physical evidence establishing the identities of suspects, victims and witnesses in criminal 
investigations is a fingerprint: it is unique to an individual and is time-invariant. Its presence can establish contact 
between an individual and an object, or can place an individual at a crime scene. In practice, most such marks are latent 
(non-visible) fingermarks, that require chemical treatment to yield a visible image. Common chemical treatments 
involve interaction of a reagent (powder, cyanoacrylate, dye) with the fingerprint residue, but deterioration or loss of 
residue due to environmental exposure significantly limit their effectiveness.  
 
Metallic objects (knives, guns, bullet casings, tools, handles) are relevant to both violent and acquisitive crime. This 
allows a complementary strategy in which the fingerprint residue acts as a template (“mask”) to direct electrochemically 
generated reagent to the bare surface between the deposited ridges. The result is a negative image of the fingerprint. 
If the reagent is electrochromic, image viewing may also be controlled electrochemically. This templating concept was 
originally demonstrated using electrodeposited polyaniline [1] and PEDOT [2] films, whose electrochromic properties 
were used to optimize the visual contrast within the fingerprint image. We describe extension of this concept using 
electrodeposited poly(pyrrole-co-3,4-ethylenedioxythiophene) copolymers to provide bespoke variation of optical 
properties (simplistically, colour) [3].  
 
We further extend the concept by the inclusion into the electrodeposited polypyrrole (PPy) of dyes, such as Methyl Red 
(MR), Methyl Orange (MO), Indigo Carmine (IC) and Basic Yellow 40 (BY). This may be carried out under potentiostatic 
or galvanostatic control. PPy films presented the colour of the dyes used as dopant, thus PPy/MR and PPy/MO films 
were reddish-brown, PPy/IC was blue, whilst PPy/BY was fluorescent under UV light. Under optimised conditions, all 
PPy/dye systems showed excellent colour contrast between the surface and the fingerprint in development of latent 
fingerprints on stainless steel. The enhancement and analysis of these images and the prospects for the use of this 
technique in identifying individuals will be discussed.  
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Ionic liquid electrolytes based on imidazolium and tetra-alkyl-ammonium cations, coupled with 

bis(perfluoroalkylsulfonyl)imide anions, were specifically designed for application in safer, more reliable, 
high-density and high-voltage lithium-ion batteries in the frame of the Si-DRIVE Project. 

The quality control reveals moisture and halide contents below 5 ppm. The ion transport and 
thermal/electrochemical properties were herein reported and compared. Appealing conductivity values for 
practical battery systems were found for the EMI (> 10-3 S cm-1) and N1114FSI (> 10-4 S cm-1) electrolytes already 
at −10 °C. Anodic cyclic voltammetry experiments have revealed very low residual current values (< 10 μA 
cm-2) up to voltage above 4.8 V (vs. Li+/Li). Also, potential anodic dissolution phenomena of the aluminium 
current collector, due to the presence of the ionic liquid electrolytes, were preliminarily investigated. 

Battery cycling tests, as well CV and impedance measurements, were run in large-capacity, silicon 
nanowire (Si-NW/Sn) anodes and high-voltage, lithium-rich nickel-manganese oxide (Li1.2Ni0.2Mn0.6O2) 
cathodes employing selected ionic liquid electrolyte formulations. Reversible capacities close to 1,000 mA h 
g-1 were observed after 2000 charge-discharge cycles at 1C in Si-NW/Sn anodes whereas Li1.2Ni0.2Mn0.6O2 
exhibited capacities exceeding 320 mA h g-1 were with excellent retention, i.e., about 90 % of the initial 
capacity was delivered after 500 cycles. 
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Oxygen is one of the most important elements used in electrochemistry due to its high red-ox 
potential and high abundance in nature, not occupying space and with practically no weight if used directly 
from the atmosphere. Oxygen reduction reaction (ORR) is one of the most studied reactions within the 
electrochemistry of conversion, storage and production and used in devices such as fuel cells and batteries. 
ORR can occur following two different mechanisms depending on the electrolyte pH (acid or alkaline). The 
complete ORR involves 4 electrons transferred (same active site), however, incomplete reactions can occur 
and the electron transfer following a 2x2 path can occur (same site or different active site). ORR can also 
occur with 2 electrons transferred forming H2O2 (acid) or HO2

- (alkaline) [1]. Unfortunately, ORR is a sluggish 
reaction, often the limiting reaction within the electrochemical device and to accelerate the reaction rate, 
electrocatalysts are used. ORR operates at its highest rate in extreme pHs due to the availability of H+ and 
OH- which are reagents.  

 However, a wide class of devices named bioelectrochemical systems (BES) have the constrain of 
operating in circum-neutral conditions to allow the biological part (microbes or enzymes) to survive and 
actually operate as biocatalysts. Also in BES, ORR is widely used to close the electrical circuit and perform the 
reduction reaction with oxygen being the final electron acceptor.  

Two main class of electrocatalysts are used during ORR in circum-neutral conditions, one abiotic and 
the other biotic. Abiotic electrocatalysts are practically inherited from more mature and studied fuel cells or 
metal-air batteries [2]. These electrocatalysts include platinum group metal (PGM) materials in which 
platinum nanoparticles are dispersed over a carbon backbone. PGM electrocatalysts are expensive and are 
not suitable for applications. In parallel, metal-free carbon-based electrocatalysts are also used showing good 
activity when related to secondary catalytic properties such as high surface area. The most promising 
electrocatalysts are PGM-free and are based on a first raw transition metal (Fe, Co, Mn, Ni, Cu) coordinated 
with nitrogen in pyridinic environment incorporated into a carbonaceous backbone and named as M-N-C 
with M as. These electrocatalysts are relatively cheap and durable in harsh operating conditions.   

Due to the operating conditions, also enzymes of the class of the multicopper oxidases such as 
ascorbate oxidase, laccase and bilirubin oxidase can act as biotic electrocatalysts for ORR [3]. Even 
microorganisms can perform the reduction of oxygen [4]. Importantly, the addition of a biotic component 
into an already complex ORR makes the electron transfer mechanism more complicated to decipher and 
understand. As BES are going towards real scale applications, understanding the mechanisms involved into 
ORR is crucial to the success of this technology. As the knowledge advances, more and more challenges must 
be overcome. In this presentation, reaction mechanism and limiting steps are presented and discussed. 
Integration of abiotic and abiotic electrocatalysts into gas diffusion electrodes are presented. 
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Atom transfer radical polymerization (ATRP) is a powerful technique used to prepare polymers with well-defined 
architectures, pre-determined molecular weights, low dispersity and high chain-end fidelity [1]. The process is catalyzed 
by a transition metal complex, usually copper with a nitrogen-based ligand, through a dynamic equilibrium between 
active growing radicals, Pn

•, and dormant species, Pn-X (Scheme 1) [2]. The equilibrium is strongly shifted to the left so 
that termination reactions via radical coupling are quite negligible. Therefore, radical species either propagate (usually 
for a short time) or undergo deactivation back to a dormant state.  

 
Scheme 1: General mechanism of atom transfer radical polymerization. 

 
Electrochemistry powerfully entered in the field of ATRP about a decade ago, providing important contributions both 
to the further development of the process and to a better understanding of its mechanism. Major issues on ATRP that 
have been successfully investigated by electrochemical techniques include the mechanism of C-X reduction by CuI 
complexes, methods of determination of activation and deactivation rate constants, and equilibrium constants, the role 
metallic copper in Cu0-catalyzed ATRP (the SARA ATRP vs SET-LRP dispute), and electrochemically-mediated ATRP [3]. 
In this communication, some of these aspects will be discussed with special focus on the use of electrochemistry for 
kinetic investigations. Indeed, a combination of various electrochemical techniques allowed determination of activation 
rate constants spanning a wide range of more than 11 orders of magnitude (Fig. 1). 
 

 
Figure 1: Range of ATRP activation rate constants determined by electrochemical techniques. 
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We have a vision, that we can use wireless electrochemistry to transform medicine by detecting disease 
biomarkers, treating epileptic seizures, and even heal infected wounds by delivering electrical impulses to 
individual cells, tissues, nerve fibres or specific regions of the brain, 
without the need for electrical wiring.  We are creating new 
biocompatible, electronically conducting polymers and state-of-the-
art 3D printed electrodes to make a decisive step forward in 
electroceuticals, through electrical and electrochemical stimulation 
of cells within biomimetic 2D and 3D cultures.  3D electrodes 
significantly enhance the performance of a wide range of 
electrochemical processes from highly sensitive electrochemical and 
electrochemiluminescent detection of disease biomarkers to 
sustainability challenges such as wastewater treatment. Their advantages include enhanced mass transport 
and high surface areas within a small volume. Moreover, in bipolar or wirefree electrochemistry they open 

up the possibility of tuning the local electric field strength so as to 
control the type and rates of electrochemiluminescent reactions.  
For example, we have demonstrated that the use of a 3D 
microcavity array can enhance the analytical sensitivity for the 
detection of the genomic DNA from methicillin-resistant 
Staphylococcus aureus, MRSA, by a factor of approximately 6.  
Moreover, we discuss recent advances in the detection of a key 
biomarker in epilepsy, miR-134, using an environmentally 
sensitive electrochemiluminescent luminophore, [Ru(DPPZ)2 
PIC]2+, is reported, DPPZ is dipyrido[3,2-a:2ʹ,3ʹ-c]phenazine) and 
PIC is (2,2'-bipyridyl)-2(4-carboxy phenyl) imidazo [4,5][1,10] 
phenanthroline. A thiolated capture strand is first labelled with 
[Ru(DPPZ)2 PIC]2+ and then adsorbed onto a gold electrode.  No 

significant electrochemiluminescence, ECL, is observed for immobilised Ru-labelled capture strands which is 
consistent with the light-switch dye being exposed to the aqueous solution.  In sharp contrast, binding of the 
target turns on ECL.  The ECL intensity, IECL, 
depends on the number of adenine “spacer” 
bases between the end of the capture sequence 
and the dye.  The ECL intensity for the optimised 
system increases linearly with increasing miR-134 
concentration from 100 nM to approximately 20 
µM. Significantly, the presence of BSA protein 
causes IECL to increase by less 5% in either the 
single or duplex circumstances. Finally, the ability 
of the sensor to quantify miR-134 in unprocessed plasma samples from healthy volunteers and people with 
epilepsy is discussed. 
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The outstanding opto-electronic properties of metal-halide perovskites (MHPs) have contributed several 
breakthroughs in photovoltaics and optoelectronics. These materials would be ideally exploited also in heterogeneous 
photocatalysis, but the poor MHPs stability in aqueous environment has for long inhibited their application to this field. 
In the last two years, however, a growing family of water-stable and photoactive MHPs have been reported, thus paving 
the way towards the development MHP-based photocatalysts.  

Surprisingly, tin-halide perovskites (THPs), which are notoriously unstable in photovoltaics, have received a large 
attention because of their suitable band gap, tunable electronic energy levels, and their low toxicity coupled to a 
superior stability in water environment compared to their lead counterparts. Here, we present high-level ab initio 
calculations to unveil the key factors determining the reactivity of THPs towards photocatalytic hydrogen production at 
the perovskite/water interface. Our results highlight that the occurrence of electron polarons at the surface of THPs is 
paramount in determining the efficiency of the reaction. The stabilization of localized electrons stems from the energy 
of the conduction band edge and from the peculiar THP defect chemistry, largely centered on tin. Band edge tuning is 
governed by the interplay between the A-site cation and nature of the halogen, thus fine-tuning the THPs energy levels 
can be achieved by varying the chemical composition, providing a successful strategy to boost the photo-reactivity of 
these materials. 
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Planar and curved polycyclic aromatic hydrocarbons (PAH) are an interesting class of compounds for their redox and 
photophysical properties. In principle, starting from suitable precursors and following a bottom-up approach, large 
polycyclic aromatic hydrocarbons (nanographenes) can be synthesized and their subsequent intermolecular 
condensation into progressively more extended systems can produce macroscopic graphene nanostructures that 
represent a very promising class of new materials in the field of nanotechnology and energy conversion.  
Amongst the polycyclic aromatic hydrocarbons, Corannulene and other bowl-shaped species are particularly intriguing, 
for their unique electronic properties, to develop new materials. The investigation of the electrochemical oxidation 
processes in a range of experimental conditions allowed us to explore the reactivity of the electrogenerated carbocation 
species [1].  
The interesting redox, spectroscopic and electrochemiluminesce properties of such species and their derivatives, 
together with the structure of the electrochemically generated deposits, will be discussed.  
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Organic molecules have been purposely designed and synthesized for electrogenerated chemiluminescence (ECL) 
studies/applications,1 but only few systematic studies have been focused on the effect of substituents on the ECL 
emission energy and efficiency.2 Spirobifluorene-based molecules have been recently considered as suitable ECL 
candidates.3,4 Here we describe the ECL properties of a novel molecule formed of two triphenylamines linked together 
by a spirobifluorene bridge. The phenylamine moieties were chemically modified at the para position by electron-
donating substituents (OMe), whereas one of the two fluorene moieties forming the spirobifluorene unit was modified 
with electron-withdrawing substituents (CN). Compared to the analogous systems previously described,4 this 
modification was meant to narrow the HOMO-LUMO gap, to yield an ECL emission in the yellow region of the visible 
spectrum, and decouple the HOMO and the LUMO more efficiently (an aspect that is being studied by DFT and TDDFT 
based methods). The ECL process was investigated by direct annihilation of the electrogenerated radical anion (centered 
on the fluorene carrying the CN groups) and the radical cation (involving the phenylamines), as well as in the presence 
of a dissociative-type coreactant, such as dibenzoyl peroxide. This study shows that effective fine-tuning of the ECL 
behavior is made possible by chemically assembling luminophore systems exhibiting clearly identifiable redox features, 
i.e., systems in which the electroreducible and electrooxidizable moieties are, to a large extent, decoupled.  
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Graphene oxide (GO) is a highly oxidized form of graphene, with a wide range of oxygen functional groups decorating 
both the basal planes and edges. The presence of defects in GO (compared to graphene) is probably the most interesting 
aspect from the point of view of a chemist, who can exploit them to further functionalize the material. Defects in 
materials are normally considered to be detrimental to the properties of materials and devices based on those materials, 
but in reality defects are actually structural motifs that can be controlled and engineered to improve the properties of 
the material itself. 

Chemical functionalization (both covalent or non-covalent, see Figure 1) of GO improve its solubility/processability 
in both water and organic solvents and dispersibility in polymer matrices. 

 

 
Figure 1: GO based materials for technological applications 

 
Here, we present our recent results where GO has been employed for applications in tissue engineering [1, 2], as 

scaffold for cell differentiation (from 2D thick films up to 3D shape) [3], as ink for 3D printers, as a contrast agent in 
Magnetic Resonance Imaging (MRI) and as sorbent for pollutants in water [4]. 
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The interest in scientific research within the metal finishing sector is growing. The demand for durable metals and 
adaptable manufacturing processes are increasing across a wide range of applications, from aerospace and automotive 
to machinery and jewelry. An essential step in the production line is the surface engineering of metals, as this 
determines the final appearance and functionality of a product. Therein electroplating is recognized as a mature 
technology allowing the low cost fabrication of defined surfaces with extensive property profile. Galvanic 
electrodeposition accounts today for almost 40% of the global market value share with North America and Western 
Europe leading the scenery. Although technological and processing advancements occurred in the past forty years, 
industrial firms are still struggling to provide solutions to corrosion protection as well as reduction of toxic wastes. 
Specifically, large-scale industrialization of electroplating techniques will continue to be limited by strict environmental 
regulations. Due to adverse ecological impacts, the adoption of plating processes involving toxic metals such as lead or 
cadmium is prohibited. Moreover, price volatility of the highly demanding electroplated materials gold, copper and 
nickel is expected to impact the market share for more than 60% by 2026.  
In that respect, alloy plating offers better answers in terms of economic growth and environmental sustainability due 
to fine tuning composition, morphology and crystallinity [1]. Here, current trends on alloy electrodeposition research 
are reviewed highlighting open challenges and process innovations from an industrial perspective. The main categories 
of alloy compounds are presented and the most important properties for the manufacturing process discussed. 
Particular attention is devoted to advances in industrial quality control and viable solutions for the reduction of precious 
metal content in electroplated accessories as well as replacement of cyanide and nickel baths with non-toxic 
compounds.  
The authors acknowledge Regione Toscana POR CreO FESR 2014-2020 – azione 1.1.5 sub-azione a1 – Bando 1 “Progetti 
Strategici di ricerca e sviluppo” which made possible the project: 
 “GIGA 4.0” (CUP 3553.04032020.158000105_1242);  
“A.M.P.E.R.E.” (CUP 3553.04032020.158000223_1538); 
“GoodGalv” (3647.04032020.157000060); 
“A.C.A.L. 4.0” (CUP 3553.04032020.158000165_1385). 
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The catalytic oxidation of glycerol, a surplus byproduct of biodiesel, has received increasing attention due to the large 
number of applications of its oxygenated compounds, such as aldehydes, ketones, and carboxylates [1]. Among the 
products, dihydroxyacetone (DHA) is one of the most valuable since it is widely used in cosmetic, pharmaceutical, fine 
chemical, and food industries. Conventionally, the industrial production of DHA from glycerol mainly relies on a 
thermocatalytic oxidation process, that employs costly noble-metal catalysts (such as Pt, Au, Pd) with exogenous 
oxidants (e.g., O2, H2O2) and harsh reaction conditions. Thus, research efforts have been devoted to find alternative 
processes, and among them the photoelectrochemical (PEC) method provides a sustainable and energy-saving way for 
organic compound oxidations, which can produce value-added chemicals from cheap organic molecules and 
simultaneously promote cathodic H2 production. The selection of a photoanode with a suitable valence band position 
is crucial for enhancing DHA selectivity, while Pt based cathodes are usually employed to get a good H2 evolution rate 
with low overvoltage. 
In this work the photoelectrochemical oxidation of glycerol in aqueous solution on TiO2 nanotubes photoanode was 
studied with a specific focus on electrode surface engineering in the attempt to enhance selectivity toward DHA. A Pt 
free cathode was prepared by electrodepositing Ni and other base metals on low cost high specific surface substrates 
trying to minimize the cell voltage and thus the electric energy consumption for operating the process. The reaction was 
conducted in the glass three electrodes reactor shown in Figure 1 using UVA fluorescent lamps with a maximum 
wavelength of 365 nm (8 W). A CH Instrument 630B Series potentiostat to control the cell potential and a Parstat 2263 
(PAR) equipped with the facilities for Electrochemical impedance Spectroscopy to get information about the kinetic of 
both anodic and cathodic processes were used. The selectivity of the oxidation reaction and the faradic efficiency of 
both anodic and cathodic processes were studied. Determination of glycerol and reaction intermediates was performed 
by using a Thermo Scientific Dionex UltiMate 3000 HPLC, while gaseous species accumulated in the reactor headspace 
were analyzed by a HP 6890 Series GC system. 
 

 
Figure 2: Pictures of a) PEC system overview and b) magnification of TiO2 photoanode and Ni based cathode 
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In order to achieve the EU goals indicated in the hydrogen development strategy of the European Commission [1], there 
is a need of develop a high-performance, cost-effective and durable anion exchange membrane water electrolysis 
technology (AEMWE). The AEMWE approach regards the use of an anion exchange membrane (AEM) and ionomer 
dispersion in the catalytic layers for hydroxide ion conduction in a system operating mainly with diluted KOH or pure 
water. This system combines the advantages of both proton exchange membrane and liquid electrolyte alkaline 
technologies allowing the scalable production of low-cost hydrogen from renewable sources. A water electrolysis cell 
based on anion exchange membrane and non-critical raw materials (CRMs) was developed in the frameworsk of the 
H20220 FCH JU ANIONE project [2]. A NiFe-oxide electrocatalyst was used at the anode whereas a series of metallic 
electrocatalysts were investigated for the cathode, such as Ni, NiCu, NiMo, NiMo/C. These were compared to a 
benchmark Pt/C cathode. CRMs-free anode and cathode catalysts were synthetized with a crystallite size of about 10 
nm. The effect of recirculation through the cell of a diluted KOH solution was investigated. A concentration of 0.5-1 M 
KOH appeared necessary to achieve suitable performance at high current density. Among the CRM-free cathodes, the 
NiMo/C catalyst showed the best performance in the AEM electrolysis cell achieving a current density of 1 A cm-2 at 
about 1.7-1.8 V/cell when it was used in combination with a NiFe-oxide anode and a 50 µm thick Fumatech FAA-3-50® 
hydrocarbon membrane. Durability tests showed an initial decrease of cell potential with time during 2000 h operation 
at 1 A cm-2 until reaching a steady state performance with an energy efficiency close to 80%. An increase of reversible 
losses during start-up and shutdown cycles was observed. Appropriate stability was observed during cycled operation 
between 0.2 and 1 A cm-2; however, the voltage efficiency was slightly lower than in steady-state operation due to the 
occurrence of reversible losses during the cycles. Post operation analysis of electrocatalysts allowed getting a better 
comprehension of the phenomena occurring during the 2000 h durability test.  
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Mixed metal oxide (MMO) electrodes, usually known as dimensionally stable anodes (DSA®), have received great 
attention in the last decades concerning their preparation methods, surface characterization, determination of 
electrochemical features as well as for their direct application in the industry. For many years these electrocatalytic 
materials have been studied from an electrocatalysis fundamental point of view to extend their application to novel 
fields, such as, environmental and synthetic electrochemical fields. In the case of environmental electrochemistry, these 
electrocatalytic materials have been classified as active electrodes because of the chemical nature of the MMO as well 
as the interaction between their surface and the species in solution [1]. For example, Ru(IV) in RuO2 presents the 
possibility of higher oxidation states (e.g. Ru(VI)) promoting the adsorption of oxygen species which are incorporated in 
the higher oxides. This feature determines that, on the one hand, the active anodes present low overpotentials for the 
oxygen evolution reaction (OER). On the other hand, the electrogeneration of hydroxyl radicals, as a previous 
intermediate to OER, is strongly bonded at MMO surface, reducing the concentration of these oxidants at the Nernst 
layer and consequently, reducing their oxidative power [1]. Active anodes are generally inferior, in terms of removal 
efficiency, to non-active anodes when pollutant removal studies have been investigated in environmental 
electrochemistry. Nevertheless, MMO are widely studied for their potential in the OER and, as result, several novel 
materials are produced. More traditional MMO materials (RuO2 or IrO2, for example) are commercially available in 
different sizes and geometries, making their use financially attractive. In this context, MMO electrodes are the topic of 
several synthesis and characterization studies, then, important advances have been achieved in this short period. 
Environmentally speaking, various methods have improved the electrochemical and mechanical characteristics as well 
as their oxidation efficiency. Hybrid microwave heating and carbon-based electrodes, laser heating and use of different 
solvents, such as ionic liquids and polyvinyl alcohol, have been the most important preparation methods [2]. MMO 
electrodes were also improved by doping using RuO2 or La. In the last decades, it has been established that the use of 
MMO in environmental electrochemistry is more efficient when additional oxidizing species are electrochemical 
produced such as active chlorine from the oxidation of chloride ions in the water matrices [1,3]. As the properties of 
such electrocatalysts are the vital importance for competent applications [3]. It is necessary therefore to perform a 
surface characterization of the MMO in order to recognize various factors influencing the activity and stability of the 
electrocatalysts. These characterization approaches are considered as the legacy by Prof. Trasatti as well as other 
experts in the field. Then, the aim of this communication is to recognize qualitatively and quantitatively electrocatalytic 
features of MMO for their applicability in wastewater treatment, giving a couple of examples.  
 
 
 
 
 
 
 
 
[1] C.A. Martínez-Huitle, et al., Chem. Rev. 2015, 115, 13362. 
[2] G. R. Salazar-Banda, et al., Curr. Opin. Electrochem. 2021, 26, 100663. 
[3] C.A. Martínez-Huitle, et al., Curr. Opin. Electrochem. 2018, 11, 62. 
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Electrochemistry is undoubtedly gaining in popularity, particularly for what concerns the electrification of the 
chemical industry and the conversion and storage of renewable energy. Understanding reaction mechanisms and 
structure-activity relationships can help in rationally designing new materials, likely based on abundant elements. 
Within this framework, the use of large facilities is gaining increasing attention thanks to the extensive variety and 
flexibility of techniques that allow unprecedented detailing of the systems under investigation. Among these, 
synchrotron-based X-ray absorption spectroscopies (XAS) permit the study of several types of samples – liquid, solid 
(amorphous or crystalline), gas – over a wide range of temperatures and pressures. Moreover, they are element 
selective. XAS also empowers analyses of the local structure and charge state of the addressed element for what 
concerns an electrochemical system, in any of the sample’s “actors” (e.g., electrolyte, electrode material or catalyst). 
[1] 

We have been using and developing electrochemical XAS for the last 10 years in electrocatalysis [2-4], 
photoelectrochemistry [5-7], corrosion [8], and photochemistry [9]. Recently, we have focused our attention on well 
defined, model systems, that can make the path towards a more complete understanding of the systems easier.  

However, science surprises us every day and our findings have also serendipitously enticed us toward a new (and 
unforeseen) journey – that to the emergence of life on Earth [10]. 
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The works of Sergio Trasatti on oxide-based electrocatalysts sought to determine the underlying 
principles of structure/property relationships and work towards a unified approach that would 
guide the design of such materials [1]. He was also an advocate of careful characterisation of 
electrocatalysts using a wide variety of methods to more fully understand both the bulk and surface 
structure, with particular emphasis on surface characterisation, e.g. [2], and methods to determine 
the real surface area of these complex materials [3, 4] 

Mn-based oxides are among the most active catalysts toward the oxygen reduction reaction 
(ORR) in alkaline solutions. Fundamental understanding of electrocatalysis at perovskite electrodes 
has been dominated by the finding of activity descriptors, where the prevailing view is that a single 
electron occupancy of the eg orbital of the metal at the B-site of the perovskite structure represents 
the optimum configuration for oxygen electrocatalysis. This trend implies that LaMnO3+δ (eg∼1) 
should be more active than CaMnO3 (eg∼0). However, numerous works have shown that the orbital 
occupancy on Mn states changes in the potential range relevant to the ORR.  

In this work, in situ XAS and XES are used to provide details regarding the role of the 
accessibility and extent of redox activity of the Mn ions in determining the ORR activity of a series 
of La1-xCaxMnO3 electrocatalysts as a function of composition, with high energy resolution XANES 
providing the average oxidation state and enabling insight into changes in the octahedral 
coordination of the Mn ions, EXAFS providing further details of the local coordination environment, 
and XES providing the population ratios of the Mn2+/Mn3+/Mn4+ sites as a function of the applied 
potential. The results presented further build on our initial study of the limits of the series [5], 
LaMnO3 and CaMnO3, showing the effects of composition and electrode potential in more detail. 
This more in-depth study enables greater understanding of both the pseudocapacitive response of 
Mn oxide electrocatalysts and the processes behind degradation of the activity of the materials. 
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Sergio Trasatti, one of the greatest electrochemists of our times, had very broad scientific interests. In this 
presentation we will touch upon interfacial properties of transition metal oxides, one of the areas where Sergio Trasatti 
has contributed greatly (see e.g. Ref. [1]). While the interface between transition metal oxides and aqueous electrolyte 
solutions is central for fundamental electrocatalysis, its understanding is still vague. 

In this presentation we will focus on simple and complex Mn and Co oxides, which are active in the oxygen reduction 
and in the oxygen evolution reaction (ORR and OER). We will discuss interfacial recharging of transition metal oxides 
and consider various approaches to differentiate their ‘fast’ (surface recharging in the absence of kinetic limitations) 
and ‘slow’ (bulk, as well as sluggish interfacial recharging) contribution [2,3]. For a series of (Sr,R)(Co,Mn)O3-d, R=La and 
Gd perovskites, we assign the ‘slow’ charge to oxygen intercalation in sub-surface oxide layers and demonstrate 
correlations of the ‘fast’ and ‘slow’ recharging components with the electronic state of Mn, Co and O determined from 
spectroscopic data [4]. We will then turn to the discussion of the influence of the electrolyte composition on the 
interfacial recharging of various Mn(III) oxides with different crystal structures [5]. We will show that both the OH- 
concentration (at a constant CNa+), and the Na+ concentration (at a constant COH-) have significant impact on the 
interfacial recharging and on the electrocatalytic ORR activity. To conclude, we will present a brief outlook into the most 
‘burning’ aspects of oxide electrocatalysis. 
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The research topic presented combines two of the many areas pioneered by Sergio Trasatti: oxide electrodes for OER 
[1] and galvanic replacement as an alternative electrocatalyst preparation method [2]. We present results for OER 
obtained at various forms of IrO2-modified Ti-based supports, namely Ti foils, titania black nanotubes, Ti felts and plates, 
for potential use as electrocatalytic and GDL electrodes or DSA anodes. Recent developments regarding the deposition 
of PtIr mixtures as well as the use of larger substrates are also discussed. Galvanic deposition occurs via the spontaneous 
deposition of Ir(IV) complexes as metallic Ir on freshly etched/reduced Ti substrates  by the simultaneous oxidation of 
Ti at nearby locations, resulting in sparse Ir deposits (see SEM micrograph in Figure 1(A) below) [3]. Galvanic 
replacement of electroplated Ni on Ti substrates occurs via Ni oxidative dissolution and simultaneous Ir deposition as a 
uniform layer (see SEM micrograph in Figure 1(B) below) [4]. Both types of electrodes show significant OER activity 
(Figure 1(C)), the second one exhibiting 2A mgIr

-1 at η=300 mV, one of the highest reported for IrO2 film electrodes. 
 

 

 
Figure 1: SEM micrographs of IrO2/Ti films prepared by galvanic deposition (A) and Ni replacement (B). Current-potential curves for 

OER at the electrodes of A (points) and B (solid line) in 0.1 M HClO4 (C). 
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De Nora is a global supplier of innovative technologies and solutions and is recognized as a partner of choice for 
important industrial electrochemical processes as well as provider of water and wastewater treatment solutions. Since 
its foundation in 1923, De Nora is driven by the philosophy of continual improvement by way of developing and 
manufacturing electrodes and electrochemical systems: with a long-lasting and successful background in Chlorine & 
Caustic Soda business, today De Nora is committed to the development of unconventional solutions to achieve energy 
transition to decarbonization, especially supporting the green hydrogen economy, and clean water for everyone. 
From the birth of the DSA® electrodes in the 70s, to present days, in the middle of the Green Hydrogen Revolution, De 
Nora’s R&D and Prof. Trasatti’s journeys have crossed very often. We will present how his studies on Conductive Metal 
Oxides [1] contributed to the mentoring of De Nora’s researchers and how influential has been his work on the 
correlation between exchange currents for electrolytic evolution of hydrogen and work functions of polycrystalline 
surfaces [2,3,4,5] in the development of innovative catalysts. With about 1700 people De Nora nowadays ensures the 
strengths and the competencies needed to continuously fuel this exciting journey sharing knowledge with Innovators 
and Entrepreneurial to achieve a sustainable future. 
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Metal halide perovskite (MHP) semiconductors are excellent candidates for contemporary optoelectronics 
innovation, particularly for photovoltaics.1 The advantages of this class of materials derive from their hybrid 
nature, allowing for straightforward fabrication processes, as from their unique optoelectronic properties. A 
referential organic-inorganic perovskite has an ABX3 chemical formula, where A is an organic cation (such as 
MA [methylammonium]), B is a metal cation (such as Pb2+), and X is a halogen anion (such as I or Br).2 This 
motif could be modified in different ways targeting different properties/applications. A substitution of the 
halogen, even partial, allows for a fine tuning of the bandgap, while the substitution of the A cation, even 
partial, allow for structural phase stabilization. For these reasons, recent advances, for PV exploitation, have 
explored complex compositions, foreseeing the use of diverse cations/anions.3 The increase of precursors 
solution complexity, impose to focus the research on the properties of such inks, with regards to their 
evolution over time, especially foreseeing industrialization.  
Within this contest we have proved the existence of a 
chemical reactivity between two of the perovskite 
components – methylammonium and formamidinium – that 
leads to ink variations over time, which in turn means 
variation in the final polycrystalline material properties. In 
fact, the characteristics of precursor solution eventually 
dictate the optoelectronic quality of resulting perovskite films 
determine solar cells performances variations. We have 
studied different parameters affecting such reaction kinetics 
and proposed solutions to overcome these issues.4 Starting 
from those results we reviewed the general reactivity of the 
chemical species present in ink solutions, outlining the 
directions towards which future research efforts should be 
directed.5 

Material variations in terms of structure/composition is a fundamental approach for the exploitation of MHPs 
in photocatalysis, a raising, alternative, exploitation front for these incredible semiconductors.6 Herein the 
requirements, at least for the early developments, are related to material stability and lead atoms removal, 
due to the more challenging operational conditions imposed by the application. We recently presented 
diverse approaches in terms of perovskite structure and composition variations towards the goal, reporting 
also very promising results in terms of hydrogen evolution from non-acidic aqueous solutions. 7 
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Laser-induced graphene (LIG) is a revolutionary method for manufacturing a few-layer graphene-based film that has 
gained a lot of attention in the field of flexible electronics due to its unique properties. The principal applications that 
have been researched in recent years are energy storage, catalysis, sensing, and separation. Miniaturized 
supercapacitors (microSC - μSCs), in particular, are the most researched topic in which LIG may significantly deliver 
remarkable outcomes in terms of state-of-the-art manufacturing technique simplicity and intrinsically permitting device 
adaptability.  However, many open points still limit the possible full exploitation of this technology in the energy storage 
sector. In this talk, a concise overview of the LIG application in μSCs will be provided suggesting where the community 
should direct efforts to enhance the results together with associated challenges. In particular some of the main issues 
are related to i) the charge balancing, i.e. an optimization procedure to let anodes and cathodes operate in their full 
potential window (allowing the device to exploit the maximum voltage window maximizing the energy density); ii) the 
electrical conductivity of LIG path, with impact of internal resistance and charge accumulation; and iii) the surface 
properties that strongly affect both the wettability (hence the electrolyte/electrode interface) and the electrochemical 
behavior of the LIG electrodes.  

 
Figure 1: Optimization strategies and application fields of LIG [1] 
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Among metal oxides, WO3 is a wide band gap semiconductor endowed with visible light absorption and long lived charge 
separation,[i] resulting in strongly oxidizing holes capable of driving water and chloride oxidation. WO3 is a platform 
onto which a good n-n junction with BiVO4 can be formed, [ii] allowing to extend the spectral response of the two 
combined materials to the green part of the solar spectrum. In order to further improve the charge separation ability of 
WO3/BiVO4 junctions, overlayers or heterojunctions consisting of mixed metal oxides [iii], molecular materials like 
cobalt-iron prussian blue [iv] or molecular water oxidation catalysts [v] can be obtained by exploiting various “wet” 
deposition strategies. Herein we report on the photoelectrochemical properties of various WO3 and WO3/BiVO4 
materials with emphasis on the charge transfer and recombination dynamics studied by means of time resolved 
techniques (Transient Absorption Spectroscopy), photocurrent transients and electrochemical impedance 
spectroscopy. The effect of the overlayers in either reducing recombination or enhancing the hole transfer kinetics to 
the electrolyte is outlined. 

 
 

 
 

Figure 1 :  Charge separation in a mesoporous photoanode  supporting a depletion layer   
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Structural characterization of transient electrochemical species in the sub-millisecond time scale is the all-time wish of 
any electrochemist. Presently, common time resolution of structural spectro-electrochemical methods is about 0.1 
seconds.[1] In this talk, a transient spectro-electrochemical Raman setup of easy implementation is described that 
reaches sub-ms time resolution. The technique studies electrochemical processes by initiating the reaction with an 
electric potential (or current) pulse and analyses the product with a synchronized laser pulse of the modified Raman 
spectrometer. The approach was validated by studying a known redox driven isomerization of a Ru-based molecular 
switch grafted, as monolayer, on a SERS active Au microelectrode.[2] This technique so validated was then used to 
investigate the elusive intermediates of the electrocatalytic oxygen evolving reaction (OER) catalyzed by the Ni-Fe 
oxyhydroxide. 
This technique, of easy implementation, paves the way to a new generation of time-resolved spectro-electrochemical 
techniques which will be essential in the development of the next generation electrolizers, fuel cells and batteries. 
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Access to safe water and to modern energy for all, and urgent action to combat climate change are three of the 17 goals 
included in the 2030 Agenda for Sustainable Development adopted by the United Nations General Assembly in 2015. 
Under the pressure of achieving these objectives, impressive advances have been made. A variety of sustainable 
desalting techniques of seawater (such as capacitive deionization, CDI) have been developed to meet the ever-
increasing demand of fresh water. Access to electricity in poorer Countries has accelerated thanks to the transition to 
renewable energy sources, driving the development of both mature and emerging electrochemical energy storage 
technologies (such as lithium- and sodium-ion rechargeable batteries, LIBs and SIBs). Hydrogen has been identified as 
the clean energy source that could help bring the world to net zero emissions in the coming decades, causing its 
production through water splitting (WS) to grow up. 

Electrospinning is a very simple, scalable and cost-effective technique, widely utilized to produce high aspect-ratio 
nanostructures featured by high porosity, great surface area-to-volume ratio and cross-sectional diameters ranging 
from tens to hundreds of nanometers [1]. 

This contribution presents an overview of electrospun functional nanomaterials (Figure 1) for electrochemical 
applications in the field of energy storage (electrode materials for LIBs [2-4] and SIBs [5-7]), water desalination in 
remote areas (electrode materials for CDI cells [8,9]) and hydrogen production through WS (with particular emphasis 
on electrocatalysts for the oxygen evolution reaction, which currently represents the rate-limiting step of the process 
[10]). 

 
Figure 1: Electrospun (a) C/GeO2, (b) Fe2O3:Si and (c,d) (CrMnFeCoNi)3O4 nanofibers for LIBs, SIBs and OER. 

 
Acknowledgments: This work was partly supported by Italian Ministry of University and Research (MUR), grant “PRIN 
2017, 2017MCEEY4, Towards sustainable, high-performing, all-solid-state sodium-ion batteries”. 
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Nowadays damaged hard and soft tissues can be replaced by using biomedical materials as structures or implants in 
human body. Several features are necessary to use biomaterials as implants such as durability, reliability, high corrosion 
resistance, high mechanical strength, biocompatibility, absence of cytotoxicity and good osteointegration. 
Ti and its alloys have elastic moduli close to those of bones and lower density with respect to that of Co-Cr alloys and 
stainless steels and for this reason are good candidate for orthopaedic and traumatology implants. 
However, Ti and Ti alloys are considered bioinert materials, i.e. they do not react (chemically or biologically) with 
surrounding tissues in the human body [1].  
Moreover, corrosion phenomena of involving Ti alloy, namely Ti6Al4V alloy, can lead to the release of Al and V that are 
considered hazardous elements for human body. 
In this context, several strategies have been investigated to enhance the bioactivity of Ti alloys and thus their 
osteointegration.  
It is well documented in literature that the presence of hydroxyapatite (HA, Ca10(PO4)6(OH)2) can enhance the 
osteointegration of foreign biomaterials due to its high biocompatibility with hard and soft tissues [2]. Therefore, 
inducing the incorporation or the growth of HA has been revealed as a good strategy to improve the materials 
bioactivity. 
In this work we want to design a multi-step process aimed to simultaneously enhance biocompatibility, corrosion 
resistance and antibacterial activity of TAV alloys for biomedical applications. 
The success of this strategy is studied by evaluating the morphological/compositional changes after the surface 
treatment by using Scanning Electron Microscopy (SEM), Energy-Dispersive X-ray Spectroscopy (EDS), and Raman 
spectroscopy, by carrying out electrochemical tests (Electrochemical Impedance Spectroscopy measurements) in 
Simulated Body Fluid (SBF) at 37°C, as well as by in vitro tests to study cytocompatibility, antibacterial activity and 
hemocompatibility of the prepared TAV samples. 
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The global energy and environmental context clearly highlights the need for new technologies capable of guaranteeing 
the conversion of renewable sources and the storage of the produced energy in a sustainable, safe and geographically 
balanced way [1]. (Electro)chemical technologies and materials science are the basis of many of these strategies, and 
international decision-makers, being aware of them, have begun to promote suitable funding initiatives. 

In this contribution, three emerging scenarios currently under investigation at the Electrochemistry Group @PoliTO 
are presented.  

First, Li-N2 cells are proposed as a solution for the electrochemical N2 reduction reaction (E-NRR), leading to the 
irreversible Li3N formation and subsequent protonation into NH3. This represents a sustainable and renewable energy-
powered process to replace the Haber-Bosch one and making NH3 as a viable green energy carrier, being easier 
transportable and safer than H2 [2]. 

Second, potassium batteries are presented as a viable alternative to Li-based ones for both stationary energy storage 
and E-NRR applications. They exploit potassium abundance, negative redox potential and weak Lewis acidity, leading to 
a truly promising technology to boost the energy transitions. Low-cost and/or biosourced cell components will be 
presented in the contribution [3,4]. 

Third, our attempt to pushing these technologies towards higher TRLs in our laboratory will be presented, from both 
the fabrication and characterization aspects.  

 
This project has received funding from the European Research Council (ERC) under the European Union’s Horizon 2020 
research and innovation programme (grant agreement No. 948769, project title: SuN2rise). 
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The increasing availability of renewable electricity has renewed the interest in organic electrosynthesis methods for the 
sustainable production of value-added chemicals. In 2011, well-defined polymers were prepared by applying a suitable 
electrical potential to an atom transfer radical polymerization (ATRP) system.[i] In electrochemically mediated ATRP 
(eATRP), the applied potential/current serves to continually reduce CuII species to CuI species, which activates alkyl 
halide (RX) initiators and dormant species, generating propagating radicals (Figure 1a). This clean process enables to 
make polymers with pre-defined properties by tuning the electrochemical stimulus.[ii] 

In this talk, I will present the fundamentals of eATRP, and our efforts towards improving the versatility and utilization 
of this process. Nowadays, eATRP can be conducted on a broad variety of monomers, in various solvents, and in 
undivided cells. Recently, we have coupled the electrochemical stimulus with a stimulus of different nature, to further 
expand the scope of ATRP. On one side, we employed Cu electrodes in eATRP so that the applied current/potential 
acted synergistically to a comproportionation reaction to accelerate the polymerization.[iii] Moreover, the chemically-
triggered polymerization in the presence of Cu0 could be stopped by altering the electrochemical stimulus. On the other 
hand, the electrochemical setup was coupled to a photoreactor in order to use electricity to accelerate photo-mediated 
ATRP or to halt photo-polymerizations on-demand (Figure 1c). 

 
Figure 1: General concept of selecting a proper applied potential to perform eATRP or to halt photoATRP. 

 
In the field of polymer science, eATRP has been a pioneering technique that inspired the development of other 

electrochemically mediated polymerizations.[iv],[v] In particular, we explored the possibility of electrochemically trigger 
reversible addition-fragmentation chain-transfer (RAFT) polymerizations.[vi] I will discuss the challenges toward eRAFT 
and the most recent advances. 

 
This presentation is dedicated to the memory of Prof. Armando Gennaro, co-inventor of electrochemically mediated 

ATRP and my Ph.D. Supervisor, who passed away on April 13, 2022. 
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In order to realize advanced electrochemical energy storage devices such as metal-ion batteries (MIBs) and 
electrochemical capacitors (ECs) the selection of the electrolyte is fundamental. This component is strongly affecting 
the performance, the safety and the sustainability of these systems, as well as their recyclability. The state-of-the-art 
electrolytes in MIBs and ECs, although guarantee high performance, is limiting the safety and the temperature range of 
use of these devices. Therefore, the introduction of alternative electrolytes appears of great importance.  
In this work we report about the development of innovative electrolyte components for EC and MIBs. In the case of EC, 
the use of pyrrolidinium-based salts and of sulfonium-based solvents will be considered [1,2]. The impact of electrolytes 
containing these salts and solvents on the energy and power densities of EC will be carefully analysed. Furthermore, the 
aging processes taking place in EC-containing these alternative electrolytes will be considered and compared to those 
occurring in devices containing conventional electrolytes. In the case of MIBs, the development of novel electrolytes 
based on glyoxal solvents, e.g., 1,2,2-tetraethoxyethane (TEG) and 1,1,2,2-tetramethoxyethane (TMG), will be discussed 
[3,4]. These solvents are largely available (they are already produced in the multi-ton scale), making them cheap and 
they display low melting and high flash points, high thermal stability, and favourable transport properties. The 
introduction of glyoxal-based electrolytes in MIBs will be analysed with the aim to identify the advantages and limits, 
with respect to the state-of-the art electrolytes, associated to the use of these innovative electrolytes.  

 

 
 

Figure 1. Comparison of the stability of EC containing conventional and alternative electrolyte at 20°C 
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Lithium-rich layered oxides (LRLOs) are considered a promising cathodic solution in Li-ion batteries to meet the 
growing energetic demand, thanks to their high specific capacity and operational voltage [1]. Li-rich layered materials 
have a general stoichiometry Li1+xM1-xO2, in which M is a blend of transition metals, as Ni, Mn, Co. The presence of extra 
lithium ions within the transition metals layers allows to achieve a specific capacity between 200 and 250 mAh/g [2]. 
However, they suffer from voltage and capacity decay and, moreover, they also possess a moderate cobalt content 
which raises ethical and environmental issues.  

In this communication, we present the impact of iron doping on the electrochemical properties of a cobalt free LRLO, 
i.e., Li1.24Ni0.14Mn0.62O2. In fact, the substitution of Mn with Fe could lead to an improvement of structural stability upon 
cycling. We obtained four samples with general formula Li1.24Ni0.14Mn0.62-xFexO2, where x=0;0.01;0.02;0.03. Here, we 
report the characterization of these novel layered materials in terms of structure, morphology and electrochemical 
performances. 
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Nowadays, the spread of electric vehicles powered by lithium-ion batteries leads the world's transition to transport 
electrification. However, several critical challenges hinder lithium-ion batteries' practical and sustainable utilisation. 
Performance-wise, electric vehicles should be recharged at the speed comparable to traditional vehicles. However, such 
fast charging is not possible without strong degradations resulting in rapid ageing of the battery system due to the 
presence of mesoscopic electrochemical phenomena occurring at the anode, given the sluggish intercalation of lithium 
within a phase-separating material like graphite. Sustainability-wise, the increasing demand for lithium-ion batteries, 
with the lack of critical raw materials and the disposal of end-of-life batteries, is driving toward using recycled cathode 
active materials in the next generation of batteries. However, recycled cathode materials from closed-loop solutions 
might have a lower quality than those prepared from fresh precursors, which translates into lower electrochemical 
properties. 
We show that all these critical challenges can be quantitatively addressed through a physics-based multiscale modelling 
approach for lithium-ion battery research. The mesoscopic model [1,2] validated against fast charge in-operando optical 
experiments (Figure 1) can predict the distribution of graphite's state of lithiation into the electrode thickness and the 
particles' radius (solid/dashed lines), thus unravelling the interplay among phase separation and degradation 
phenomena. By linking the mesoscopic model to equivalent circuit models, we perform characteristic time analysis 
during relaxation, predicting the system dynamics of physical phenomena to detect any early signal of degradation 
efficiently [3]. Lastly, we propose compensatory measures to develop cathodes with recycled active materials (Figure 
2). Based on full cell macro-homogeneous model simulations validated against commercial cell data, we define design 
solutions to overcome the performance limitations of recycled Li-ion battery materials [4]. 
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Solid-state secondary batteries are considered the next generation of high-performing electrochemical energy storage 
systems for electric vehicles and smart grid facilities. Within this framework, the development of safe and reliable solid-
state electrolytes (SSEs) is needed, allowing for enhanced energy density while also enabling the use of lithium metal 
anodes [1-2]. 
In this work, we present the successful synthesis of glass-ceramic Li1.4Al0.4Ti1.4Ge0.4(PO4)3 (LAGTP) NASICON-type solid-
state electrolyte through a melt-casting method, which enables to combine the easier processability of LAGP by this 
technique with the higher conductivity of the LATP system. The effect of the addition of different sintering aids on grain 
cohesion and thus, on the overall ionic conductivity, is also investigated. LAGTP NASICON-type glass-ceramic electrolytes 
were obtained after the thermal treatment of a precursor glass-quenched on brass plate. The powder sintering route 
and the heat treatment route of the bulk glass were both investigated. Thermal, crystalline and microstructural 
properties were evaluated through differential thermal analysis (DTA), hot stage microscopy (HSM), XRD and SEM 
analyses. The ionic conductivity was evaluated by electrochemical impedance spectroscopy between -20 and 80 °C, 
using an environmentally controlled climate chamber. Electronic conductivities were extracted, and the electrochemical 
stability window (ESW) of the most conductive samples was evaluated using in-house made T-cells assembled in three 
electrodes configurations with Li metal disks as QRE and CE electrodes. Heat-treated bulk materials showed improved 
performance compared to their powder-sintered counterpart, and the addition of sintering aids - particularly B2O3 - 
demonstrated its effectiveness on grain cohesion and growth. A conductivity of 3.9×10-4 S cm–1 was in fact recorded at 
20 °C for bulk B2O3-added LAGTP, with an activation energy of 0.28 eV. Additionally, the LAGTPB-b based electrolyte 
was found to be electrochemically stable up to about 4.8 V (vs. Li+/Li), making it appealing for high-V operation [3]. 
Overall, the formation of large cohesive grains is very promising for the future dispersion of these systems into a polymer 
matrix, where the effect of grain boundaries on the overall ionic conductivity of the composite electrolyte would be 
further reduced upon pulverization of the bulk heat-treated materials. The development of novel, modified materials 
as well as the dispersion of these glass-ceramics systems into a polymer matrix for the fabrication of composite polymer 
electrolytes is now under investigation in our laboratories. 
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Bulk sulfur incorporating 3 wt% gold nano-powder is investigated as possible candidate to maximize the fraction of 
active material in the Li-S battery cathode. The material is prepared via simple mixing of gold with molten sulfur at 120 
°C, quenching at room temperature, and grinding. This comprehensive study reports relevant electrochemical data, 
advanced X-ray computed tomography (CT) imaging of the positive and negative electrodes, and a thorough structural 
and morphological characterization of the S:Au 97:3 w/w composite (Figure 1). This cathode exhibits high rate capability 
within the range from C/10 to 1C, a maximum capacity above 1300 mAh gS

-1, and capacity retention between 85% and 
91% after 100 cycles at 1C and C/3 rates. The novel formulation enables a sulfur fraction in the composite cathode film 
as high as 78 wt%, an active material loading of 5.7 mg cm-2, and an electrolyte/sulfur (E/S) ratio of 5 µL mg-1, which 
lead to a maximum areal capacity of 5.4 mAh cm-2. X-ray CT at the micro- and nanoscale reveals the microstructural 
features of the positive electrode that favor fast conversion kinetics in the battery. Quantitative analysis of sulfur 
distribution in the porous cathode displays that electrodeposition during the initial cycle may trigger an activation 
process in the cell leading to improved performance. Furthermore, the tomography study reveals the characteristics of 
the lithium anode and the cell separator upon a galvanostatic test prolonged over 300 cycles at a 2C rate [1]. This 
project/work has received funding from the European Union’s Horizon 2020 research and innovation programme 
Graphene Flagship under grant agreement No 881603. 
 

 

 
Figure 1. Summary of the study carried out on the S:Au 97:3 w/w composite, including X-ray CT, electron microscopy and 

electrochemical measurements in Li cell, that is, galvanostatic cycling and cyclic voltammetry. 
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Lithium-ion batteries (LIBs) have received increasing interest thank to their high potential for providing efficient 
energy storage and low environmental impact. However, there are still concerns about the safety of LIBs; the increased 
number of explosion and fire accidents has raised significant attention in LIBs safety, limiting their commercialization 
and applications [1].  

A strategy to reduce the safety hazard in these devices is the replacement of the conventional liquid electrolytes 
with solid polymer electrolytes (SPE). Among all solid polymers studied, the ion exchange membrane can be considered 
an interesting choice due to its single-ion property which can facilitate the fast Li+ transport and guarantees a Li+ 

transference number equal to one [2].  
In this field, perfluoro-sulfonated polymers, such as Nafion membrane (DuPont) widely used as electrolyte in low 

temperature Fuel Cells, could be an innovative approach for the development of future polymer electrolytes for LIBs 
[3].  

To this purpose, a single step Nafion-Li membranes synthesis is here proposed. Fundamental physical chemical 
characterizations by means of X-ray diffraction, infrared spectroscopy, thermal analysis, for the understanding of 
functional features of the proposed materials will be presented.  

The electrochemical activities of these samples (ionic conductivity, electrochemical stability, membrane/lithium 
interface) have been investigated by electrochemical testing. The most promising membranes was used in lithium- ion 
prototype cells formed by coupling a lithium metal anode and an olivine-type LiFePO4 cathode. The promising use of 
Nafion-Li membrane as polymer electrolyte in a full lithium cell was demonstrated. 
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Li-rich transition metal layered oxides (LRLO) are a valuable alternative to current commercial cathode materials, 
thank to their higher specific capacities (>250mAhg-1), larger operating voltage (>3.6V) and high energy density (900 
WhKg-1). [1] 

LRLOs have a generic formula Li1+xM1-xO2, in which M is a mix of redox active transition metal as Ni, Mn or Co. Lithium 
is over-stoichiometric and partially occupy atomic sites of transition metals. The large capacity values reversibly 
exchanged by these types of materials originates either from the transition metal redox couples and the anionic redox 
activity (O2-/O-). This oxygen-redox reaction takes place at potential above 4.2-4.3V and could leads to the formation of 
molecular oxygen, making it only partially reversible. As consequence, LRLOs undergo undesired structural 
transformation that leads to a continuous decay of the working potential and loss of reversible capacity upon cycling. 
This is one of the main drawbacks that currently hinders the practical use of LRLO materials in a LIB. [2] 

Furthermore, besides the performance, the materials for next-generation LIBs have to satisfy requirements such as 
low cost and sustainability, for example by the mitigation of the Co and Ni content in the overall stoichiometry. [3,4] 
Among the family of LRLO materials, Co-free stoichiometries have been already reported in the literature. The most 
studied one is the Li1.2Mn0.6Ni0.2O2, reported for the first time by Thackeray's group. [5]  

Here, we propose a series of LRLOs [6-7] by tackling the challenge of the simultaneous limitation of cobalt and nickel. 
These materials proved to maintain the layered structure characteristic of this type of materials and, especially, good 
electrochemical performance in lithium cell. The materials here proposed have been characterized in terms of structure 
and morphology, while the electrochemical properties have been demonstrated in lithium half-cells by galvanostatic 
cycling.  
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Renewable energy production is characterized by intermittent power output and requires large-scale applications 
to improve energy storage capability (currently, less than 1% of the electrical energy production can be stored). 
Developing low-cost and environmentally friendly electrochemical storage systems characterized by high performance 
is of fundamental importance for a sustainable energy economy. The currently most mature battery technology is the 
lithium-ion battery, considered one of the most appealing candidates as a power source for electric vehicle applications. 
However, the large-scale application of lithium-ion batteries is currently under discussion due to the limited lithium and 
certain transition metals such as Co and Ni resources. Several other metallic anodic materials such as sodium, potassium, 
calcium, magnesium and aluminium [1-3], characterized by a higher abundance of lithium, have been considered 
suitable candidates for electrochemical storage devices in replacing lithium systems. Notably, significant efforts are 
being devoted to understanding and addressing key challenges in developing these so-called “beyond Li-ion” 
chemistries, and substantial insights into their storage and failure mechanisms have been obtained over the past few 
years thanks to advanced characterization and computation/modelling techniques. An overview of our activity in 
“beyond Li-ion” batteries field and an evaluation of the capability of this technology will be presented. [4–8] 
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Li-battery technology is today mainly developed as small energy delivery systems for portable devices [1]. However, in 
recent years the growing interest in renewable energy and in electric vehicles exploiting electric power requires the 
development of new, high capacity and long-life batteries [1]. In this context Li-S battery technology became of great 
interest due to the high theoretical energy density of 3500 Wh kg-1, estimated to lead to 3-5 times increase in practical 
energy density compared to commercial Li-ion battery today available [2].  
Even though the Li/S battery system has been widely investigated, several issues related to the lithium-sulfur 
electrochemical reaction still hinder the practical realization of this technology.  
Indeed, the electrochemical reaction mechanism involves a series of steps with formation of soluble polysulfide species 
[3].  This dissolution leads to the loss of active material from the solid electrode and to the “shuttle effect” of the 
polysulfide with consequent capacity reduction and limited cycling-life of the battery. Furthermore, sulfur has a very 
low electronic conductivity thus requiring the addition of a conducting agent. 
In this contribution new strategies for improving the performance of Li-S cells by tailoring the surface of a mesoporous 
carbon-based electrode with highly conductive gold – nanostars (AuNSs) will be presented. AuNSs are anisotropic 
branched nanoparticles showing remarkable properties in terms of electrical conductivity and reactivity if compared to 
the isotropic metal nanoparticles. In fact, due to the well-known tip-effect, the surface charge density in the proximity 
of the AuNSs tips is incredibly high, especially when the tips are long and thin, providing for a huge electric local field 
[4].  Moreover, AuNSs surface is rough, with edges, corners, gaps that also promote the formation of intense local 
electric fields.  
Au - nanoparticles (AuNPs), among the other metal NPs (MeNPs), are easier to functionalize through the Me-S bond 
formation, where the H2S reactivity towards Me decreases as Au > Cu > Ag [5]. In the specific case of AuNSs, the reactivity 
is even better, considering the tips exposing highly reactive crystal facets ([110], [100]) and the co-presence of concave 
and convex surfaces, offering binding-sites with different physico-chemical properties [6]. For all these reasons these 
nanostructures have found wide application in Surface Enhanced Raman Scattering (SERS) [7] as well as in the realization 
of highly sensitive catalytic electrochemical biosensors [8]. So far, to the best of our knowledge this is the first time that 
AuNSs will be employed for the improvement of the Li-S cells performance.  
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Abstract: Conventional Li-ion batteries have been raising safety concerns due to some fire and explosion accidents 
caused by the unusual combination of high-energy electrodes and highly flammable organic electrolytes. A suitable 
solution to this problem is to switch to non-flammable aqueous electrolytes. The main bottleneck in the use of aqueous 
electrolytes i.e., its narrow electrochemical stability window (ESW) has been greatly worked out using highly 
concentrated electrolytes and interface engineering techniques.1 However, the anode materials used in water so far 
have greatly restricted the energy density of aqueous batteries due to their inherently high working potentials, 
therefore, not completely benefiting from the expanded ESW. The need is to design anode materials with working 
potentials as close as possible to the cathodic limit of the high ESW aqueous electrolytes2. In this work, we report on 
the synthesis, characterization, and application of novel sodium-based NASICON materials with cathodic potentials 
much lower compared to existing anodic materials for water. The NASICON phases consisting of NaFeNb(PO4)3 and 
NaAlNb(PO4)3 were synthesized following a solid-state route. XRD analysis was carried out to study the crystal structure 
and optimize the synthesis protocol.  The electronic conductivity of these materials was improved by chemical carbon 
coating using glucose as a carbon source. SEM and TEM analysis was performed to characterize the morphology and the 
carbon coating. The carbon content was found to be 4-5 % in the coated samples using TGA. For electrochemical 
characterization in organic electrolytes, R2032 coin cells were assembled for NaFeNb(PO4)3 and NaAlNb(PO4)3 in an 
Argon-filled glovebox using metallic lithium, sodium, and potassium as counter electrodes. Both materials show good 
performance for Li and Na having coulombic efficiencies above 97% at 0.1C. The performance for K was not as promising 
as for Na or Li in the initial cycles but for the last cycles at 0.1C, the coulombic efficiency recorded for K was 87.1% and 
95.1% for the Al and Fe based phases, respectively. We have also carried out some initial characterization such as CV in 
a 27 m water in bi-salt electrolyte composed of sodium and potassium acetate. The materials show good 
insertion/extraction behavior in water signifying their efficient use in high ESW aqueous electrolytes. 
 

 
Figure 1: (a) CV of NaAlNb(PO4)3, (B) GCPL curves of NaAlNb(PO4)3, (c) CV of NaFeNb(PO4), (d) GCPL curves of NaFeNb(PO4)3.  
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Currently the main application of Li-ion batteries is in portable electronics, but new emerging applications such as 
electric cars require low cost, improved cycle life and energy density, sustainability, and safety [1]. The ambition of Si-
DRIVE EU project is proposing next-generation batteries for electric cars built in Europe, designed to ensure recycling 
above 50%. Si-Drive battery will contain a high specific capacity Si-based anode and a Co-free high-V cathode to reduce 
cost and improve sustainability. As an alternative to conventional organic solvents, ionic liquids have been widely 
investigated over the years, due to their excellent properties in terms of safety and stability [2].  

 
The 1st generation of electrolytes for Si-Drive includes selected ionic liquids with high ionic conductivity and wide 
electrochemical stability. The 2nd generation of electrolytes combines the ionic liquids and the precursors of the polymer 
matrix to obtain crosslinked self-standing flexible films. The addition of ceramic super Li ion conductors to obtain 
composite polymer electrolytes is also envisaged to improve the electrochemical stability window of the electrolyte [3]. 
Here we present the different polymer electrolytes and semi interpenetrating polymer networks encompassing ionic 
liquids and ceramic materials having ionic conductivity > 10 mS/cm at 20 °C, which can be in situ-deposited and 
crosslinked on top of the electrodes, and combined to form bi-layered electrolyte membranes to tune the compatibility 
with the electrode materials. The cycling performance with different positive and negative electrodes at ambient 
temperature is also demonstrated [4]. 
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X-ray Microscopy (XRM) is a non-destructive characterization technique that provides quantitative information 
regarding the morphology of the specimen and allows to perform multiscale and multimodal 2D/3D experiments 
exploiting the radiation-matter interactions. XRM is particularly suitable to provide in situ images of inner parts of a 
battery and for the early diagnosis of its degradation in a non-invasive way. Since traditional characterization techniques 
(SEM, AFM, etc) often require the removal of the battery case that may lead to non-desired contamination of the 
sample, the non-destructive multi-scale potential of XRM represents an important improvement on battery 
investigation. Here we present the advanced technical features that characterize a sub-micron X-ray microscopy system, 
and how it can be used to investigate hidden and internal structures of different types of batteries to understand their 
behavior and evolution after several charge/discharge cycles.  
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Wastewater treatment plants require substantial amount of non-renewable energy and produce large quantity of 
sludge. An alternative approach to treat wastewaters could be represented by Microbial Electrolysis Cells (MECs), for 
their capability of producing valuable molecules like hydrogen while treating wastewaters. MECs exploit the ability of 
“electro-active” microorganisms to interact with a solid-state electrode using it as electron acceptor or donor. These 
microorganisms usually form an electroactive biofilm (EAB) on the electrode’s surface synthetizing conductive pili and 
special membrane proteins to directly interact with the electrode (direct electron transfer, DET). A second interaction 
mechanism, called indirect electrons transfer (IET), consists in the utilisation of redox mediators as electron shuttles. 
The electroactive oxidation of COD (Chemical Oxygen Demand), which represents the amount of oxidisable substances 
contained in wastewaters and takes place at around + 0.1 V vs SHE, is less energetically demanding than the oxidation 
of water, therefore the anodic electro active biofilm’s activity is crucial for a less energy demanding system. To be 
applied as sustainable wastewater treatment technology, MECs need to be flexible and resilient to changes of operating 
conditions. In this context, some studies [1] were conducted to demonstrate that electroactive biofilms are capable of 
surviving without feeding and polarization (i.e., starvation period) for several days. Based on these considerations, in 
the present study, the effect of a starvation period on the performance of an electroactive anodic biofilm has been 
analysed by means of several electrochemical techniques; namely cyclic voltammetry (CV). The oxidation or reduction 
peaks showed by a voltammetry can be associated with a bioelectrochemical reaction and, analysing the first derivative 
function of the CV other peaks can be shown indicating formal potentials at which the biochemical reactions take place. 
The formal potential can provide indications on the microbial species present in the biofilm. 

Focusing on abiotic hydrogen production in a MEC cathode, a low pH and the presence of proton donors (i.e., weak 
acids) in the catholyte positively affect the cathodic potential [2]. However, the progression of the bioelectrochemical 
reactions usually leads to catholyte alkalinization and subsequently to an overpotentials increase linked to the increase 
of the energy demand of the process. 

Here, the results of a continuous flow laboratory scale MEC (1.7 L) aimed at wastewater treatment coupled to 
hydrogen production are presented. A synthetic wastewater was continuously fed to the biological anodic chamber 
(made of graphite granules) at an organic loading rate (OLR) of 2.18 gCOD/Ld and, simultaneously, 25 mmol/Ld of 
hydrogen were produced in the MEC cathodic chamber. Different protons donors, such as H2PO4

- and HCO3
- were used 

to enhance the performance of the abiotic cathode (made of stainless steel) controlling the catholyte pH and the 
cathodic chamber potential. Finally, a gaseous mixture containing 30 % (v/v) of CO2, simulating an anaerobic digestion 
biogas, was continuously bubbled inside the catholyte in order to control the pH and to produce HCO3

-. To summarize 
this system is capable of producing hydrogen with a low energetic cost while abating CO2 and COD from waste gasses 
and wastewaters, respectively. 
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The respiration activity of an individual living cell is an indicator of its metabolic status. Cancer cells show in the presence 
of oxygen higher glucose uptake and lower oxygen consumption as compared to normal cells, preferring glycolysis with 
respect to respiration for the catabolic use of glucose.[1]  
This metabolic peculiarity of cancer cells has been known since many years as “Warburg effects”. 
The study of cellular respiration is an important way to assess the metabolic status of phenotypically different cells, 
such as healthy cells and cancer cells. Closely positioned microelectrodes have been suggested for the investigation of 
the respiration activity by monitoring the local oxygen concentration.[2] Scanning electrochemical microscopy (SECM) 
was proven to be a powerful technique able to investigate cells and their surroundings with high spatial and temporal 
resolution, using ultramicroelectrodes as probes to obtain information about cell metabolic activity.[3] 
In this work, we developed an electrochemical method for the study of single cell respiration, also evaluating the cell 
morphology contribution on oxygen consumption in healthy or cancer cells.  
By bringing the electrode close to the cell body, it was possible to disentangle the current signal component related to 
oxygen concentration from the one due to the topological contribution of the cell. In the near proximity of the cell, the 
impact of the probe functioning on oxygen availability for the investigated cell have been evaluated. In parallel, a micro-
electrochemical sensor for the study of the pH in the extracellular environment, a parameter functionally related to cell 
metabolism and glucose/oxygen consumption, have been developed and characterized.  
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Activable organic polymers can be employed to modulate cell processes and stimulate cell proliferation [1,2]. Several 
examples have been reported for poly-3-hexyl-thiophene (P3HT) films with cardiovascular cells: for example, photo-
activation of P3HT films have been shown to foster angiogenesis of endothelial colony forming cells [2,3] and 
consequently tubulogenesis was strongly promoted [3]. 
Several mechanisms have been considered to explain the effects on cellular physiological processes caused by the P3HT 
photostimulation in water solutions, such as the photo-activated electrochemical production of reactive oxygen species 
(ROS). In fact, ROS are known to play a main role in many cellular processes [4]. We investigated photo-stimulated 
production of ROS in aqueous solutions at the solid-liquid electrolyte-P3HT interface [5]. Spatially-resolved production 
of hydrogen peroxide was obtained by spatially controlling the illumination of P3HT films, and ROS production was 
studied by SECM at the micrometric scale. As a proof of principle, we studied the interaction of a model redox protein, 
Cytochrome C, with photostimulated P3HT films; by employing an SECM/fluorescence microscope apparatus, we 
showed that we are able to control the Cytochrome C redox state at the photostimulated organic semiconductor/liquid 
interface [5].  
We employed SECM to investigate and image ROS production in cells, both under physiological and pathological 
conditions [6,7] and to evaluate cellular redox balance [8]. 
We will present also how cytoplasmatic redox balance of HL-1 cells, a cardiomyocyte cell line, is modulated by photo-
induced production of ROS by P3HT films on which they grow. SECM was employed to investigate and quantify the 
effects of ROS local production on single cardiac muscle cells. We also report on the effect of P3HT nanoparticles 
internalization in HL-1 cell cytoplasm and on the effect of their photostimulation. 
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Nitrogen-carbon based materials (N-CM) are nowadays widely studied for hydrogen peroxide production and 
applications in wastewater treatment because of their low cost and precursor availability [1]. Pyrolysis of small 
molecules like phenanthroline or dibenzothiophene coupled with a hard templating agent is a very common method 
used to obtain nitrogen or sulfur doped carbons. The drawback of this method is the lack of control on the type of active 
sites in the resulting material, namely at least four/five types of nitrogen functional groups (pyridinic, pyrrolic, graphitic 
and iminic or oxidated nitrogen) are formed during the pyrolysis. A more selective way for introducing active sites is the 
grafting of the carbon surface with molecules bearing the desired type of functionality. In light of this, two molecules 
were considered in this work to mimic pyridinic and pyrrolic nitrogen, namely, amino-pyridine and amino-indole. In fact, 
pyridinic nitrogen is claimed to be active for the reduction of peroxide to water whereas pyrrolic group was specifically 
identified for promoting the 2e-ORR. 

The grafting process was accomplished by reflux method using NaNO2 as oxidating agent and HCl to help the 
solubilization of amine in water [2]. Different temperatures and reaction times were tested to evaluate the degree of 
grafting (Figure 1a). 

 
Figure 1: Grafting process and XPS signal of N1s for the grafting with two molecules. VGP is for pyridine (black) and VGI for indole 

(red) 

Indole was observed to give a nice degree of grafting with a linear trend of nitrogen fixation with the temperature of 
synthesis. XPS (Figure 1b) confirmed the grafting by showing a peak centered on the binding energy of pyrrolic nitrogen 
for amino-indole and centered on pyridinic nitrogen for aminopyridine [3]. Electrochemical tests performed on Rotating 
Ring Disk electrode and Gas diffusion electrodes (Gaskatel cell) in 0.5 M H2SO4 show an increment of activity (up to 3-
fold) and selectivity for peroxide production with respect to Vulcan XC72, confirming the role of nitrogen moieties in 
reduction of oxygen. The studies were performed at different pH and in presence of H2O2 to disentangle more in details 
the mechanism of ORR and the specific role of active sites in guiding the activity and selectivity, namely which site is 
tending more toward the reduction to peroxide and which more to the reduction of peroxide to water. 
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Several families of electrochemical energy conversion and storage devices (e.g., fuel cells and metal-air batteries) 
exploit the oxygen reduction reaction (ORR) in their operation. Very often, the ORR is the slowest electrochemical 
process in these systems and plays the most relevant role to degrade their energy conversion efficiency. Thus, to devise 
high-performing ORR electrocatalysts (ECs) is of crucial importance for practical applications. Unfortunately, to 
understand in detail the operating mechanism of an ORR EC is typically complex and time-consuming, requiring the 
implementation of a broad spectrum of advanced techniques and extensive data analysis. Consequently, there is a 
strong need to design simple methods capable to yield information on the most critical features of an ORR EC for 
screening purposes. In this regard, cyclic voltammetry with the thin-film rotating ring-disk electrode (CV-TF-RRDE) is a 
very popular approach. The latter allows for the facile study of the kinetics of an electrochemical process as promoted 
by an EC and minimizes the influence of complex spurious phenomena (e.g., charge and mass transport). 

In this contribution a general method is discussed allowing for the correlation of the outcome of conventional 
electrochemical experiments with the critical features determining the performance of an ORR EC. Such features include 
prominently: (i) the kinetic activation barrier of the ORR; and (ii) the accessibility of O2 to the active sites. The proposed 
method: (i) adopts the CV-TF-RRDE setup; (ii) does not lean on the simplifications associated with the conventional 
Butler-Volmer kinetic description of electrochemical processes; and (iii) does not make assumptions on the specific 
features of the EC. As a result, the proposed method allows to compare accurately the kinetic performance of ORR ECs 
exhibiting a completely different chemistry. Finally, it is shown that the figure of merit considered in this method, 
E(jPt(5%)), is much more accurate than other popular figures of merit to gauge the ORR such as the half-wave potential 
E1/2. 
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One of the critical actions against climate change is the necessary transition to a renewable energy supply. 
Considering that the main end-user of fossil-derived products is currently the automotive industry [1], Proton Exchange 
Membrane Fuel Cells (PEMFC) might be the best candidates for replacing the traditional combustion engines used in 
the automotive sector. The main hindrances of PEMFC commercialization lie firstly on the prohibitive costs of platinum, 
secondly on the sluggish oxygen reduction reaction (ORR) at platinum-based cathode and finally on the short-term 
durability associated with degradative mechanisms, which cause the loss of cell performance during its working. 

Recently, ceria has been incorporated in the anodic side of PEM fuel cell of several vehicles, like the Toyota 2017 
Mirai, since it can be acts as a radical scavenger during the operating conditions of the device [2]. In this regard CeOx, 
owing to its capability of switching to Ce3+ to Ce4+ oxidation states, quenches radicals under aqueous condition 
preventing the materials degradation [3]. Moreover, it has been proposed that the interaction between Pt and CeO2 
might increase the ORR activity compared to Pt/C and this is attributed to the high oxygen storage capacity of ceria and 
the oxygen spillover from CeO2 to Pt. Despite all these benefits for both anodic and cathodic PEMFC compartments, no 
in-depth studies are conducted for optimizing a synthesis of PtCeO2/Carbon ORR catalyst nor on a clear understanding 
of the catalytic activity and stability in operative condition.  

With the aim of synthetize a novel and efficient ORR catalyst throug facile and soustanible method, we define the 
synthesis of monodimensional and well dispersed Pt nanoparticles (Figure 3 a) sinthetized in mild thermal condition and 
without reducing agents (e.g. H2), exploiting the contribution that CeO2 provides on the Pt nucleation. The improved 
activity and stability brought by the addition of CeO2 are electrochemically verify respectively by rotating disck electrode 
(RDE)  and gas diffusion electrode (GDE) carachterizations. Eventually mechanisms of reaction, on the surface of the 
materials, are investigated trough in situ SINERS raman spectroscopy by applying several potentials in the ORR range.  

 
Figure 1 a) TEM image and b) RDE characterization in oxygen saturated 0.1 M HClO4 of Pt nanoparticles (2-3 nm) 

obtained via solid state synthesis with CeO2 nanoparticles (5-10 nm) on Vulcan XC72.  

 
 
 
 
 
[1] S. S. Hsieh et al., Energy Convers. Manag., 2011 , vol. 52, no. 2, pp. 975, 
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The electrocatalytic reduction of CO2 is a captivating strategy for the conversion of CO2 into fuels, to realize a close 
loop for carbon footprinting. The design of new electrocatalysts that reduce CO2 in a selective and efficient fashion is a 
key step for future exploitation of this technology. 

Here we present how the combination of different building blocks in a single nanostructure might be a good strategy 
to achieve a good selectivity in the CO2 reduction process. 

By combining the unique physico-chemical properties of functionalized nanomaterials (such as carbon nanotubes, 
carbon nanohorns and graphenes) with nanocrystalline metal oxides (such as CeO2 and Bi2O3) we are able to modify the 
selectivity of CO2RR, with the production of formic acid at low overpotentials. This is the case of CeO2, where we have 
revealed the production of acid up to 55% with an overpotential of up to 0.02 V in acid solutions. These performances 
have been possible by partially reduction of metal oxide sites (such as Ce4+/3+O2-x) responsible of an increased CO2 
adsorption and a more efficient electron transfer at the surface.[1] In the nanocomposite, the carbon nanostructures 
are used as support, and they have a fundamental role in to counteracting the insulating effect of oxide nanoparticles 
and promoting the generation of Ce3+ sites. Their elevated surface area and high electrical conductivity guarantee a 
greater process efficiency.[2] In particular, the nanohorns have a unique conical geometric, where the nano-tips 
terminals act as “electron collector”, increasing the charge mobility.[3] We demonstrated that the interconnections 
between various components are fundamental for the efficient CO2 reduction to formic acid and opens new possibilities 
in the design of optimized electrocatalytic materials.  
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Figure 1. Schematic CO2 reduction into formic acid on MWCNT@CeO2 
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In this communication, the results of a study carried out on the reduction of a series of substituted 
dibenzoylperoxides will be described together with the voltammetric analysis of the oxidation of the corresponding 
benzoate anions generated by the cleavage of the peroxide O-O bond (Figure 1). For long time, the puzzling 
electrochemical behavior of these dissociative-type acceptors impeded to obtain reliable thermodynamic information. 
The approach employed to unravel the mechanism of these dissociative electron transfers will be illustrated. Beside the 
heterogeneous electron-transfer study, homogeneous redox catalysis experiments were performed to overcome some 
issues connected to the direct electrode processes. The outcome of this electrochemical investigation was analyzed 
with the support of a computational study. The results of this investigation are relevant, for example, to better 
understand the mechanism by which dibenzoylperoxides can act as efficient sacrificial coreactants in 
electrochemiluminescence (ECL). Preliminary data on the efficiency of the luminescence emission for the series of 
substituted dibenzoylperoxides used as ECL coreactants will be also described. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Cyclic Voltammetry of p-methoxy-dibenzoylperoxide in DMF/0.1 M TBAP on a glassy carbon electrode at v = 0.2 V s-1. The 

lower inset shows the calculate spin density of the corresponding benzoate radical.  
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The transformation chemistry of atomically precise gold nanoclusters into other species is a hot topic in current 
nanochemistry research[1][2]. Understanding the ways by which gold nanoclusters can be made to change toward new 
species is indeed a challenging target. Starting from Au25(SR)18

0 and taking advantage of its distinct physicochemical 
properties, this work aims to investigate its reactivity in the solid state. Previously, the Maran group showed that, while 
in solution, thermally activated  Au25(SR)18

0 clusters undergo a fusion reaction yielding the larger Au38(SR)24
0 clusters[3]

. 

The kinetics and mechanism of the analogous thermally activated fusion reaction in the solid state was analyzed for a 
large series of clusters with the stoichiometry Au25(SCnH2n+1)18

0
 (where n = 4, 6, 8, 10, 12, 14, 16, and 18). The goals were 

to assess the reaction outcome and kinetics, and to understand how the ligand length affects the reactivity of 
Au25(SR)18

0. The kinetic evolution at 80 °C, in the absence of coreactants, was studied by UV-vis-NIR absorption 
spectroscopy and mass spectrometry. Both methods led to assess the reaction kinetics. Analysis of the mass spectra 
also allowed us to identify relevant intermediates and hypothesize a reaction mechanism. Differential pulse 
voltammetry experiments were carried out to investigate the effect of the ligand length on the electrochemical pattern 
of the so-formed Au38(SR)24

0 clusters (Figure 1) in comparison with the behavior observed for the corresponding 
Au25(SCnH2n+1)18

0 series[4]. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. (Left) Schematic representation of gold nanoclusters solid-state fusion reaction. (Right) Typical differential pulse 
voltammetry of 1 mM Au38(SR)24

0 in dichloromethane containing 0.1 M tetrabutylammonium hexafluorophosphate. 
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This work aimed to study the electrochemical behavior of iodine and iodide in water to evaluate the production and 
synthetic use of promising green iodinating agents for electro-organic synthesis, towards more sustainable industrial 
processes. In the scenario of an increasing environmental awareness, the traditional iodine chemistry (e.g. extensively 
used in the X-ray contrast agents industry) that still relies on hazardous chemicals, is no more compatible with the 
principle of a green chemistry approach. Electrochemistry can represent a valid alternative [1, 2], allowing the use of 
less toxic reagents that are generated in-situ and potentially exploiting renewable energy sources. Iodine in water has 
a very complex chemistry [3-5], whereas iodine electrochemistry, by far less studied that chlorine one, is still debated 
[6]. For this reason, a series of preliminary tests was performed on iodide and iodine in different conditions and solutions 
to collect information, especially on carbon cloth and glassy carbon electrodes. Thanks to an in-depth CV study, it was 
then possible to identify three different oxidation peaks, whose peak position dependence on the pH has led to the 
assignment of the reactions involved in each of them: they represent the subsequent oxidation of I- to I2, HIO and HIO3. 
In addition, a series of preliminary tests were then conducted to assess if cyclic voltammetry could be used as an in-
process control during iodination processes. It would represent a new, fast, cheap and non-invasive method to assess 
the state of reactions. Following studies will focus on the reproducibility and scalability of the electro-oxidation process 
and its applicability in the industrial field. 
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S-nitrosothiols (RSNOs) are very important biomolecules that play crucial roles in many physiological and 
pathological processes. They also act as NO-donors and thus they are candidates for future medicines. Their 
identification and quantitation are therefore important. Indeed, one, two or more RSNOs can be combined to design a 
drug and therefore, the quantification of each is important to establish an acceptable quality control process. Also, 
RSNOs can be involved as biomarkers and thus their identification is important for diagnosis. Hence, the development 
of powerful methodologies for the simultaneous quantitation of mixtures of RSNOs is crucial [1].  

Numerous methods have been developed for RSNOs analysis based on indirect detection as they can be decomposed 
through different pathways such as metal cation catalysis, enzymes, ascorbic acid, heat, infrared, ultraviolet or visible 
light leading to RS- and NO+ which rapidly forms nitrite (Fig. 1). Among the various detection techniques, 
electrochemistry offers the easiest, most convenient, and highly sensitive approaches through the electrochemical 
oxidation of NO or nitrite [1]. 
 

 
Figure 1: General scheme for RSNOs indirect quantitation. Decomposition is done using Hg2+, Cu+, gold nanoparticles (Au), heat (∆) 
or light (hv). This decomposition is followed, depending on the nascent product, by adequate detection method (fluorescence, 
colorimetry, chemiluminescence, or electrochemistry) 

 
Very few miniaturized electrochemical devices have been used to detect RSNOs based on their total quantitation 

with a preceding separation step [2]. This study reviews reports on integrated microfluidic devices combining 
electrokinetic separation of RSNOs and electrochemical detection of the produced NO or nitrite, leading to their 
quantitation in a single run.  
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In recent years, nanomaterials have been broadly used in a wide range of applications, like catalysis, energy and 
electroanalysis [1,2], because of their peculiar characteristics, such as increased selectivity, high surface area, and 
increased surface/volume ratio. Nanomaterials can be used to produce electrochemical sensors for the detection of 
contaminants also at low range of concentration (trace level). 

By using hybrid systems composed of metal nanoparticles and nano-titania (which has a photocatalytic activity), it 
is possible to create sensors with photo-renewable properties, i.e., the possibility to use the sensor more than once for 
the detection of analytes in complex matrices, remotely, without the need of cleaning and restoring them for a long 
time. Hybrid systems composed of metal nanoparticles and nano-titania are the best choice to achieve all these 
properties. In this context, our research group has developed new devices useful for solving several electroanalytical 
problems. In particular, the ability to prevent or solve fouling or passivation of the electrode surfaces has been 
demonstrated [3-6]. 

However, TiO2 nanoparticles can also be used to enhance the photo-electrochemical signal for the detection of 
analytes. In this presentation, we will show the use of different light sources (UV lamps and UV LEDs) for the 
quantification of ciprofloxacin in transient photocurrent experiments, using a FTO glass covered with gold nanoparticles 
(AuNPs) and a TiO2 nanoporous films. This hybrid system has higher performances, in particular in terms of sensitivity 
and lower detection limits when compared to the single counterparts. 
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Electrochemiluminescence or Electrogenerated Chemiluminescence (ECL) is an electrochemical technique with a simple 
instrumentation which is based on a luminescent phenomenon, produced from an electron-transfer reaction taking 
place on the surface of the electrode and yielding light-emitting excited states. The most know luminophores/coreactant 
system in aqueous media is tris(2,2’-bipyridine) ruthenium(II) ([Ru(bpy)3]2+)/tri-n-propylamine (TPA) with important 
analytical application in commercial assays for the detection of biomarkers such as TSH and troponin T. [1,2] According 
to World Health Organization (WHO) Hepatitis B Virus (HBV) is the main problem of the infection of 257 million people. 
[3] An ECL-based and also PCR-free sensor is developed for the determination of the whole genome of HBV (ds-DNA). 
The ds-DNA of HBV has been captured and remained anchored between two monoclonal oligonucleotide chains probes 
(P1 and P2), thus the same time the triplex formation is created via Hoogstern H-bonds (Figure 1). [4] The effect of the 
thiols can avoid the nonspecific adsorption in the gold’s electrode surface. The ECL-active molecule [Ru(phen)2dppz]2+ 
it can be remained intercalated in the ds-DNA according to the π-π* stacking intercalation -dppz. [5] The ECL-based 
sensor is tested in a range from 0-0.75 copies μL-1 obtaining a limit of detection of 0.06 copies μL-1 which is much more 
sensitive, comparing it with other techniques. [6] 
 

 

 
Figure 1: Immobilization of specific probes and triplex formation between ds-DNA of HBV and P1, P2 probes. 
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Transcap is a particular device whose layout merges the electronic features of both supercapacitor and electrolyte-
gated transistor [1]. The former is extremely important due to its capability to store/deliver charge within short lapses 
(< 5 seconds) [2]. The latter showed appealing features in terms of low-power and sensing applications [3].  

Here, our transcap is composed of flexible electrodes, namely the source, drain and gate patterned on polyethylene 
terephthalate (PET) substrate [4]. Interdigitated source and drain electrodes have been covered by a ultrathin-film of 
graphene oxide (GO) that was electrochemically reduced in Milli-Q water media [5]. This “green” and efficient method 
allows the achievement of reduced GO (rGO) in a well-resolved area (i.e. onto the interdigitated electrodes). 
Furthermore, two types of Cu-coatings were electrochemically deposited onto the gate electrode. The former type is 
an ordinary compact coating, while the latter is a porous layer with an extended effective surface area, obtained by 
exploiting the transient templating effect of H2 bubbles generated in a reduction reaction competing with Cu deposition 
[6].  

The systematic comparison of the reference device (viz. bare Au gate) with respect to the Cu-coated ones shows 
unambiguously the superior performances of the latter, thanks to the higher gate capacitance coupled to the presence 
of a different metal directly exposed to the electrolyte. Apart from the electronic features, this device shows an 
extremely versatile layout, in fact a Nafion membrane and paper fluidics have been successfully implemented to 
demonstrate how this technology can be adapted to harsh environments (i.e. high ionic strength) and real-time 
monitoring of an aqueous flux of a specific electrolyte.  
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Charge transfer crystals exhibit unique electronic and magnetic properties with interesting applications. The 
electronic properties of the charge transfer single crystal formed by dibenzotetrathiafulvalene (DBTTF) together with 
2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane (F4TCNQ) and of the charge-transfer semiconducting organic co-
crystal, Perylene:F4-TCNQ (PE:F4) (the donor is PE, the acceptor is 2,3,5,6-Tetrafluoro-7,7,8,8 
tetracyanoquinodimethane (F4)) in its 3:2 stoichiometry were studied and characterized. The energy levels of this 
material and the spin degrees of freedom were investigated by cyclic voltammetry (CV) voltammetry coupled with solid 
state electrochemistry (Figure 1) and electron paramagnetic resonance (EPR) spectroscopy. Solid state electrochemical 
measurements prove to be an effective tool to probe the macroscopic electronic characteristics of the co-crystal. The 
experimental findings are assessed and rationalized on the basis of theoretical calculations, carried out at the density-
functional theory (DFT) level of the theory using a cluster approach. Our complementary theoretical-experimental 
approach provides a consistent electronic characterization of the co-crystals system, in terms of HOMO/LUMO levels 
and band gap energies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Voltammograms obtained for a) F4, DB and cocrystal DB-F4 and for b) F4, PE and cocrystal 
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Perovskite photovoltaics is an emerging technology which attracted enormous interest in the last decade owing to an 
unprecedented combination of high power conversion efficiency and low costs of device fabrication. For a mature 
industrial exploitation up-scaling of the technology is required and electrodeposition appears as a suitable technique 
thanks to the combination of simple conditions typical of chemical depositions and the fine control over the process like 
physical depositions. 
Here, starting from the optimization of electrodeposited NiO as hole selective contact for inverted perovskite solar cells, 
we will revise pros and cons of electrodeposition for every layer constituting a perovskite solar cells. 
Moreover, we will discuss how a strict control over the nanostructured morphology is possible with electrodeposition 
and the effect on perovskite solar cells.  

 
 

 
 

Figure 1: Graphical TOC 
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Titanium dioxide (TiO2) is a photoactive semiconductor finding wide use 

in industry. However, the relatively large band gap (3.0 and 3.2 eV for 
anatase and rutile, respectively) still hampers its application in relevant 
fields such as solar-assisted hydrogen production, since less than 5% of the 
total solar spectra can be exploited. In this work, the effect of a Low-Energy 
High-Current Electron Beam (LEHCEB) pre-treatment on pristine specimens 
of titanium was investigated, with the aim of developing TiO2 electrodes 
with improved photoelectrochemical activity. The TiO2 photoanodes were 
synthetized by DC Plasma Electrolytic Oxidation (PEO) of grade 1 titanium 
specimens [1,2]. PEO was carried out in 1.5 M H2SO4 aqueous solution for 5 
minutes at constant cell voltage of 120 or 150 V and the electrolyte 
temperature was kept constant at 0°C. Before the PEO process, a LEHCEB 
treatment was applied to modify the surface properties of the Ti samples. 
LEHCEB was carried out at a constant number of pulses (25) and different 
accelerating voltage values (15, 20, 25 and 30 kV). After the PEO synthesis, 
the influence of the LEHCEB pre-treatment on the morphological and 
crystalline properties of TiO2 photoanodes was investigated by Scanning 
Electron Microscopy (SEM) and X-ray Diffraction (XRD). Photoactivity was 
evaluated by Linear Sweep Voltammetry (LSV) under UV and VIS irradiation, 
using a 3-electrodes set up (TiO2 as WE, Pt as CE and SCE as RE) and 0.5M 
Na2SO4 as aqueous electrolyte. Additionally, decolourization of Methylene 
Blue (MB) was carried out to assess the photoelectrocatalytic activity of the 
TiO2 films. Based on SEM imaging, the combination of PEO process and LEHCEB pre-treatment did not significantly affect 
surface morphology. As expected, XRD analysis shows that the TiO2 films consisted in a mixture of anatase and rutile 
phases. At both the PEO voltages, LEHCEB pre-treatment favoured the phase transition from anatase to rutile with 
respect to untreated specimen, while the crystallites dimension decreased or remained constant. The LSV tests 
demonstrate that the photoelectrochemical properties of the TiO2 electrodes were significantly affected by LEHCEB 
treatment, with relative increase in photocurrent density response both under VIS and UV irradiation up to 34% 
depending on the PEO voltage and on the accelerating voltage (Figure 1). In conclusion, LEHCEB pre-treatment proved 
to be promising in enhancing the photoelectrochemical properties of TiO2 photoanodes. Further investigation is needed 
to fully understand the correlation between the TiO2 properties and the LEHCEB operating parameters. 

 
 
 
 
 
 
[1] Franz et al. Appl. Surf. Sci. 2016, 385, 498. 
[2] Franz et al. Adv. Energy Mater. 2020, 2000652. 
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Dye Sensitizer Solar Cells (DSSCs) are characterized by unique features such as transparency, low fabrication cost, 
capability to harvest the diffuse light as well as the availability of a wide palette of color. These peculiarities make them 
interesting photovoltaic devices for indoor and architectonic applications [1]. Substituted polypyridine Ruthenium 
complexes have been long regarded as the top sensitizers for their broad light absorption and for their tunable 
photophysical and redox properties leading to an overall cell efficiency ranging to 11-14% [2]. The scarcity and toxicity 
of this metal have been moving the attention to the first-row elements such as iron, cobalt and zinc. Since the pioneering 
contribution of Ferrere and Gregg, Fe(II) complexes revealed the possibility to give photocurrent when anchored to a 
semiconductor substrate despite the less of 0.1% efficiency due to the fast deactivation of the 1,3MLCT states to an MC 
level. Our group has firstly obtained 1% cell efficiency with a homoleptic iron Carbene (NHC)-based sensitizer namely 
C1 [3], overcome by its heteroleptic analog ARM13, reaching a 1.5% power conversion efficiency (PCE) [4]. We further 
synthesized and characterized another series of six heteroleptic Fe(II)NHC complexes characterized by the introduction 
of electron withdrawing or donating moieties on the ancillary ligands (Figure 1). To address the heterogeneous charge 
transfer dynamics, we employed electrochemical, photoelectrochemical and photophysical experiments as well as 
computational calculations. ARM130 characterized by dimethoxyphenyl group on one of the pyridines, gave  the best 
combination of photocurrent density (JSC) of 6.80±0.17 mA/cm2 and open circuit photovoltage (VOC) (0.47±0.02 V) thanks 
to the broad and intense absorption ranging from 400 to 600 nm, a favorable excited CT directionality and slow  
recombination kinetics. With ARM 130, by exploiting an optimized electrolyte and TiO2 photoanode, we have obtained 
2% efficiency, which is, to the best of our knowledge, the highest efficiency ever recorded for a Fe-sensitized DSSC. 

 
 

Figure 1: Structures of our Fe(II)NHC complexes for n-type sensitization 
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Polycyclic heteroaromatic hydrocarbons represent a novel and attractive class of π-conjugated molecules with 
unique electrochemical and photophysical properties, in particular the introduction of a nitrogen atom on the core 
structure of the PAH strongly affects the HOMO-LUMO energies and quantum yields[1].  

In this communication, we report a thorough electrochemical characterization  and the reductive oxidation 
(coreactant) electrogenerated chemiluminescence (ECL) of a family of nitrogen-doped pyrenes, i.e. 2-azapyrenes 
(naphtho[2,1,8-def]isoquinolines) [2]. The ECL of these blue emitters produced by benzoylperoxide (BPO) coreactant 
showed a concentration dependent spectra (Figure 1) with significant emission at longer wavelength and different 
spectra from their fluorescence. Furthermore, emission at longer λ was not observed in fluorescence neither at higher 
concentration (10-3 M) nor in the presence of BPO or after the ECL experiment.  

We assigned the red-shifted emission to the excimer formation which is exclusively generated during the ECL 
process. Furthermore, to shed light on this peculiar behaviour and propose a reaction mechanism that leads to the 
excimer, ECL and fluorescence experiments with triplet quencher or different coreactants were performed.  
 

 
 

Figure 1: Structure of 2-azapyrene derivatives and ECL spectra at different luminophore concentrations highlighting the monomer 
and the excimer emission at different wavelengths 
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Biomarkers such as proteins, hormones, or nucleic acids are biological indicators with a key role in identifying human 
body function variations. Thanks to its high signal-to-noise ratio, due to the absence of a light excitation source, 
ElectroChemiLuminescence (ECL) became a leading technique in their detection for the early diagnosis of diseases. ECL 
is a luminescent phenomenon generated by an electrochemical reaction [1]. In the commercial ECL-based 
immunoassays, biomarkers are detected after their immunorecognition through the creation of a labeled sandwich 
immunoassay attached to magnetic microbeads. Beads are attracted to the working electrode surface using a magnet 
and an ECL signal is acquired after potential application (Figure1).  

However, one of the main disadvantages of ECL in aqueous solutions is the high potential necessary to produce light 
(typically 1.4 V), which could cause some modifications on the electrode surfaces (gold, platinum) and the generation 
of bubbles from water oxidation [2]. In the last years, few researchers focused their attention on the application of novel 
electrode materials in order to overcome these problems.  

Herein, we will show the ECL application of the Boron-Doped Diamond (BDD) electrode to beads-based 
immunoassay. BDD electrode exhibits superior properties, such as the fast reaction rate for the charge transfer reaction, 
wide potential window, low background current, and high chemical stability [3]. Thanks to its electrochemical stability, 
BDD is more suitable for ECL studies at high oxidation potentials avoiding problems related to water oxidation. 

 
Figure 1. Schematic representation of bead-based electrochemiluminescent biosensor on BDD electrode  
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FeOOH and related Fe oxides/hydroxides have been investigated, since a long time, as possible anode materials for 
oxygen evolution reaction (OER) [1]. In this work we have studied the galvanic displacement reaction between PbO2 
layers and Fe2+ ions, the properties of the resulting products, FeOOH and their performances as electrocatalyst for OER. 
Porous PbO2 sacrificial oxide layers were prepared by the oxygen bubble assisted anodic deposition [2], and were 
exposed to solutions containing 0.025 M Fe(ClO4)2, kept at 75°C in acetate buffer solution, for variable reaction times. 
 
SEM images of fracture sections (Fig. 1, left) show distinct growth centres superposed to a continuous layer, ca. 100 nm 
thick, strongly adhering to PbO2. XPS analyses show that, at the surface of the secondary layer, iron is present as Fe(III) 
oxide and hydroxide. As reported for secondary oxides of other metals [3,4], XPS reveals the presence of Pb, at 
significantly higher concentration in the continuous layer than in the crystalline material. XRD analyses reveals the 
presence of crystalline g-FeOOH (and of minor amounts of α-FeOOH) and detects also the underlying PbO2, present as 
mixture of α- and β- forms [2]. EDS analyses give qualitative information on its growth. The time dependence of the Fe 
percentage shows different growth regimes, not observed in galvanic displacement reactions of PbO2 with either Mn2+ 
or Co2+ ions (Fig. 1, center). These different regimes are possibly associated with the change in morphology shown in 
SEM images and with the variable Pb content in the secondary oxide layer. The quasi-steady-state current density-
overpotential curves (Fig. 1, right) show that FeOOH layers significantly catalysed the OER with respect to the quite 
inactive PbO2. Catalyst obtained from porous PbO2 layers were more active than those obtained by reacting Fe2+ with 
compact ones [5]. 

 

 
 

Figure 1: (left) SEM image of fracture section; (center) metal composition versus time; (right) current density vs. overpotential. 
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The Au surface is functionalized by chemiadsorption of enantiopure “2T3N”, an intrinsically chiral thiophene derivative 
(Figure 1). 2T3N forms a self-assembled monolayer (SAM) on gold by simple over-night incubation in an ethanol 2T3N 
solution. The structure of the Au|2T3N interface is characterized by comparing XPS, NEXAFS and electrochemical-
desorption results. XNCD spectra confirm both the successful functionalization as well the retention of the asymmetric 
structure of 2T3N adsorbed on Au. Charge transmission at the Au|2T3N|solution interface is characterized by recording 
cyclic voltammetry of the ferro/ferricyanide reversible redox couple. The charge transfer rate constant, 𝑘, shows a 
threefold increase, when comparing the bare Au with the Au|2T3N interfaces. The “anomalous” high value of 𝑘 found 
for the chiral Au|2T3N interface can be rationalized on the basis of the Chiral Induced Spin Selectivity (CISS) effect [1,2]. 
 

 
Figure 1: a) 2T3N molecular model b) ferri/ferrocyanide cyclic voltammetry before (blue curve) and after electrochemical-

desorption of 2T3N on Au (red curve) c) Electrochemical-desorption cyclic voltammetry, the electrochemical desorption peak (Edes) 
is evident at around -1.00 V. 
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In recent years, extensive efforts have been devoted to design and synthesize highly active, earth-abundant, and 
low-cost alternatives[1]. In this regard, metal chalcogenides, which provide an almost infinite class of materials, are an 
emerging class of materials with exciting catalytic properties[2]. The initial investigations on such materials were driven 
by research in terms of their attractive properties, but nowadays this interest shifted towards their application. 
However, the lack of efficiency and cost-effectiveness hamper their production beyond the lab scale. 

On the other hand, Prussian-blue analogue (PBA) materials have attracted research interests for a long time owing 
to their intriguing stimuli-responsive electron transfer properties[3]. Facile synthetic routes and an improved knowledge 
of these materials lead their utilization in widespread areas: for instance, energy storage and environmental 
requalification. Moreover, the development of hierarchical nanostructures with controllable composition proved to be 
a new pathway to tune their physico-chemical properties. Unfortunately, several steps and elaborate techniques are 
required to obtain complex structures[4]. For this reason, the development of a facile approach, which allows achieving 
both structural complexity and reliable performances, is still a challenging task. 

In this work, we describe a two-step facile protocol for the synthesis of composite nanocubes, constituted of nickel 
hexacyanoferrate (Ni-HCF) and carbon selenide (CSe2)n, in which the characteristics of PBAs and chalcogenide-based 
materials are merged (Figure 1A and 1B). The electronic, structural, and optical properties have been fully characterized 
and their performances have been tested in the oxygen evolution reaction (OER) to comprehensively understand the 
structure–performance relationship (Figure 1C) and, in particular, the influence of selenization on such materials.  
 

 
 

Figure 1: SEM micrographs of (A) bare Ni-HCF and (B) selenized Ni-HCF nanostructures. C) Linear sweep voltammetry measurement 
led on bare Ni-HCF (in black) and selenized Ni-HCF (in red) samples. 
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Since the discovery of graphene oxide (GO) in the 19th century, many researchers have focused their attention on 
exploring its remarkable potentialities for different applications [1-3]. Indeed, this two-dimensional material possesses 
very interesting electronic, thermal, optical and mechanical features. In addition, its main advantage with respect to 
pristine graphene is the presence of an electronic band gap thanks to the oxygen-containing functionalities introduced 
by chemical treatment. Notably, the decoration of graphene sheets with oxygen groups also provides opportunities to 
tune the aforementioned properties by controlling the oxidation degree and, above all, these oxygen functionalities can 
represent an anchor point for the further growth of metal oxide (MOS) nanoparticles. Indeed, the intimate contact 
between GO and MOS-based electrocatalysts can boost the final electrochemical performances thanks to the higher 
conductivity given by the carbonaceous material [3,4]. 
Therefore, herein, we report a deep analysis of the modification of the GO properties by increasing the oxidation degree, 
giving also an insight into the interlayer gap by means of several physicochemical techniques. In particular, Positron 
Annihilation Lifetime Spectroscopy (PALS) measurements shed light into the gap tuning by changing the oxidizing agent 
amount in the GO synthetic route. Then, the tailored coupling between GO and metal oxide nanoparticles (such as 
cerium or praseodymium oxides) was finely characterized on morphological (TEM), structural (XRPD, Raman) and 
surface (BET-BJH, XPS) points of view. Finally, a correlation between the peculiar GO features coupled with MOS in the 
hybrid materials and the ultimate electrocatalytic performances towards oxygen reactions in aqueous media were 
deeply investigated. Preliminary promising results were obtained. 
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The emerging field of fuel-cells and metal-air batteries entails oxygen reduction reaction (ORR) at the cathode, with 
either H2O or H2O2 being produced as reduction products. ORR kinetics is sluggish and requires a proper electrocatalyst 
[1]. Although platinum group materials (PGM) should be reduced due to high cost and scarcity, they are still regarded 
as the best performing catalysts. In this context, EC-STM is employed as an advanced characterization technique, able 
to conjugate electrochemical and microscopic information on a solid substrate [2,3]. In this work, the sample is 
represented by a Au(111) single crystal, functionalized with different Pt-centred molecular complexes. Indeed, it is 
interesting to evaluate the electrochemical activity of Pt single sites, to prove what the real active site is. Each of the 
examined complexes carries a different number of coordinating nitrogen atoms (figure 1.a), and the resulting 
electrochemical activity towards ORR differs for each complex. These complexes do not possess a redox behaviour, but 
a relevant electrocatalytic activity emerged, in particular after repetitive potential cyclic by cyclic voltammetry (figure 
1.c). The surface morphology undergoes a significant restructuring (figure 1.b), thus pointing out the role of defects and 
aggregation in the final electrochemical performances.  
 

 
Figure 1: a) Pt-centred complexes carrying different numbers of nitrogen atoms; b) potentiodynamic behaviour of Pt-bypyridile and 

formation of multiple agglomeration defects; c) EC-STM images before and after repetitive potential cycling of Pt complexes 
functionalized Au(111) and corresponding variation of cyclic voltammograms. 
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As the quest for new and more sustainable ways to produce energy proceeds, so does the scientific research on systems 
to store such energy, like batteries. The search for new materials and technologies is not the only thing that matters: 
developing new ways to measure and analyze their performances and behaviors is mandatory in order to keep up with 
the market demands of better devices. Electrochemical impedance spectroscopy, for example, can be used to get 
important insights about the kinetic parameters that define a system’s behavior and its time evolution. The use of EIS 
on evolving systems is, however, strongly limited by the intrinsic slowness of the technique itself, which is inversely 
proportional to the values and number of frequencies under exam, but this can be worked around by using Dynamic 
Multi-Frequency Analysis (DMFA): a version of EIS where all the periodic stimuli are superimposed together (multi-sine) 
so to extract time-dependent impedance spectra at a rate only limited by the frequency of the slower stimulus used [1]. 
Moreover, DMFA can be applied while charging and discharging a device, providing an efficient tool to extract dynamic 
electrochemical impedance spectra (dEIS). DMFA was successfully used to analyse an insertion material for Sodium-Ion 
Batteries: LiTi2(PO4)3 (LTP), which was tested in a water-in-salt medium composed by sodium and potassium acetates 
dissolved in water with a total concentration of about 30 mol kg-1. From dEIS spectra it was then possible to extract the 
kinetic parameters such as double-layer capacitances, charge transfer resistances and diffusion coefficients. 

 
Figure 1: Potential vs time profile of LTP during a sodiation-desodiaton cycle and examples of dynamic impedance spectra extracted 

by means of DMFA 
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All-solid-state lithium ion batteries (ASS LIBs) are attracting great interests as a next generation battery. The use of solid 
electrolytes (SEs) effectively eliminates safety issues that have always been a concern in organic solvent-based liquid 
electrolytes including risk of fire, explosion, and battery leakage. In addition, self-standing and rigid SE pellets serve a 
function as a separator of batteries, which allow a thinner and more lightweight battery design, and thus a higher energy 
density per volume and mass. Among a variety of SEs, those based on lithium thiophosphate, such as LiI-Li3PS4 (LPSI), 
are recently garnering attention because of their high ionic conductivity above 10-3 S cm-1 at room temperature even 
without sintering at high temperatures, attributable to their amorphous morphology [1, 2]. For conventional LIBs with 
liquid electrolytes, alloy-type anode materials based on Sn and Si are considered as one of the most promising anodes 
to replace lithium or graphite because of their high theoretical capacities, specifically 994 mAh g-1 and 3579 mAh g-1, 
respectively. However, they suffer from a huge volume variations during cycling, which cause pulverization of the active 
materials and electrode failures. In contrast to the problem observed in the conventional LIBs, it has been recently 
known that ASS LIBs are able to mechanically suppress the volume variation of these active materials. In this study, we 
have synthesized composite anodes based on Sn/graphite or Si/graphite and evaluated their feasibility to be used in 
ASS LIBs. 

The composite anodes were prepared via a straightforward manual mixing of LPSI, carbon fiber, and the active 
materials either Sn/graphite or Si/graphite. By means of potentiodynamic cycling with galvanostatic acceleration (PCGA) 
analysis and cyclic voltammetry, the alloying/dealloying processes of Sn or Si as well as the lithiation/delithiation 
processes of graphite were analyzed. ASS lithium batteries, having LPSI as the electrolyte, exhibited 1st discharge 
capacities of about 400 mAh g-1 and 1500 mAh g-1 in the case of Sn- and Si-based composites, respectively. Even after 
30 cycles, more than 85% of the 1st discharge capacities were retained in both cases, suggesting that the pulverization 
of Sn and Si was mechanically suppressed by using solely solid-state materials. It was demonstrated that the 
combination of LPSI electrolyte and the alloy-type anode materials enables a simple and time-efficient preparation of 
ASS LIBs with stable and safe performance. 
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In the recent years, the global energy economy is experiencing a transition towards its production from more 

sustainable and “green” sources. The intrinsic characteristics of these methods, such as the intermittency and 
misalignment between disposability and demand, require the use of energy storage systems, such as secondary 
batteries. Despite the high performance of Li-ion batteries, the high cost, low abundance and toxicity of their 
components (e.g., the Co-based cathodes) request the development of new devices based on novel chemistries. In this 
regard, the holy grail is the production of battery systems based on abundant multivalent metals. 

It has been recently demonstrated that ionic liquids (ILs) are suitable solvents in order to obtain stable and high 
performing electrolytes able to conduct and deposit/strip multivalent metals [1]. The outstanding electrochemical 
properties of these materials are ensured by the presence of a high-reactive magnesium salt (i.e., the “delta” form of 
MgCl2 [2,3]) and of a suitable metal halide (e.g., AlCl3, TiCl4, etc.) [4,5]. In this project we have developed a family of IL-
based electrolytes for the Mg2+ ion conduction doped with an alkyl tin halide compound. In this way, the hybrid chemico-
physical properties of Sn-based species can be exploited to improve the coordination existing between the inorganic 
magnesium salt and the organic IL. An advanced study on the thermal and structural properties of the proposed material 
will be presented, with a particular focus on the interactions established between the different chemical species and 
complexes composing the materials. Insights on the conductivity mechanism occurring in a wide range of temperature 
will be gauged and thoroughly described by means of the broadband electrical spectroscopy studies [6]. 
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The metallic lithium (Li) represents the most promising anode material among the next generation of solid-state lithium batteries [1]. An efficient strategy to achieve durable and effective Li-anodebatteries is by engineering the solid-electrolyte interphase (SEI) with purposely designed molecules.To this aim, the vinylene carbonate (VC) is one of the most used additives in conventionalelectrolytes. Some recent experiments proved that the VC promotes the formation of a stable andprotective SEI layer between Li metal and electrolyte [2, 3]. Unless the well-known SEI composition,it is difficult to control the VC reactivity, that involves dissociation and polymerization at theelectrode surface. Therefore, to dissect these tangled processes, here we present new atomistic insights on VC-Lithium SEI formation via first-principles calculations by Density Functional Embedding Theory (DFET) [4, 5]. Such approach has potentialities for modeling complex reactions at hybrid interfaces in electrocatalysis: it is well suited to combine the best feasible approaches for molecular species (in this case, hybrid HF-DFT for VC molecules and derivatives) and for Li metal electrode (semi-local GGA density functional).Our results highlight different VC dissociation pathways, with formation of reactive radical speciesand localized cluster of Li 2 O and Li 2 CO 3 . The use of hybrid-DFT-in-DFT embedding is crucial for  obtaning energy barriers and qualtitative results in agreement with experiments [3]. Overall, theenergetics and structural features of these intermediates improve the current understanding of SEIformation process and can be exploited to drive the reactions toward the desired interfacial properties.
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In recent years a considerable effort has been devolved to the optimization of the electrodeposition efficiency of 
metallic zinc from mild aqueous electrolytes in order to develop long-lasting rechargeable Zn-ion batteries. These 
batteries are in fact considered one of the most promising post-Li energy storage systems for stationary applications 
because of their high environmental compatibility and low production costs. Nevertheless, the low efficiency that 
characterizes the Zn electrodeposition represents a critical bottleneck to their commercialization. This low efficiency is 
mainly due to the unwanted spontaneous evolution of gaseous H2 on the surface of metallic Zn, leading to a loss of 
active material, the local pH increment, and the precipitation of zinc hydroxides that hinder the electrodeposition 
process. 

Recently, our group achieved a highly efficient dendrite-free zinc electrodeposition thanks to the employment of a 
substrate of bismuth and indium particles. This substrate hinders the H2 evolution,  thus leading to a smooth and 
unperturbed zinc electrodeposition over prolonged cycles [1]. The hindrance of the hydrogen evolution is due to the 
presence of bismuth and indium at the electrode-electrolyte interface hence an excessive amount of plated zinc could 
lead to poor electrodeposition performances. 

 Here, we report the effect of different Zn mass loadings on the electrodeposition of zinc from a mild acidic 
electrolyte (pH ~5.5) onto Bi-In substrates. Different mass ratios between the plated zinc and the Bi-In were tested. The 
electrodeposition efficiency of zinc has been studied through galvanostatic cycling using different plating current 
densities. The morphology of electrodeposited zinc has been characterized by means of SEM, quantitative EDS and XRD 
analyses. According to our results, the low electrodeposition efficiency when high mass ratios are used is justified by 
the homogeneous accumulation of zinc passivation products on the electrode surface. These species can completely 
bury the Bi-In particles, thus leading to an uncontrolled hydrogen evolution.  
 

 
 
 
 
[1] M. Tribbia et al., Batter. Supercaps, 2022, volume nr. 202100381 
 

Figure 1: Electrodeposition efficiency for different mass loadings of metallic zinc respect to the mass of 
bismuth and indium powders in the electrode formulation in ZnSO4 500 mM. 
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The study of energy storage devices able to work in harsh environments is becoming of paramount importance [1–3]. 
Numerous applications require devices to be able to sustain extreme temperatures (in some cases up to 200°C). Herein, 
we propose the study of both EDLC and pseudocapacitive (PC) systems in ionic liquid electrolytes based on activated 
carbons (AC) and MoS2 decorated reduced graphene oxide (rGO) in harsh conditions, as reported in Figure1a) and 
Figure1b) respectively. Ionic liquids (ILs) represent a suitable class of electrolytes for the present application because of 
their high-temperature stability. In this work, [PYR14][TFSI] and [BMIM][BF4] were used for the EDLC and PC systems, 
respectively. 

This result is part of a project that has received funding from the European Research Council (ERC) under the 
European Union’s ERC Starting Grant Grant agreement No. 949916 

 

 
Figure 1: Cyclic voltammetry of the EDLC device, in a), and PC one, in b), carried out at a constant scan rate, and at different 

temperatures and pressures. 
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Green hydrogen plays a major role in the EU directives for the decarbonization of the energy sector. Its production 
through water electrolysis and its exploitation as a fuel can offer a buffer for the intermittent renewable energy sources, 
however the development of a green hydrogen infrastructure is limited by the non-competitive cost associated with its 
production. Proton Exchange Membranes (PEM) fuel cells and water electrolyzers indeed require expensive platinum 
group metals (PGM)-based catalysts. In contrast, Anionic Exchange Membranes (AEM) devices work in an alkaline 
environment which enables the adoption of PGM-free catalysts. Even though an ionic conductivity comparable to PEMs 
can be achieved, the chemical resistance to the alkaline environment of AEMs is often poor and causes short membrane 
lifetime. 
Membranes based on Poly(aryl piperidinium) are a recently developed AEM concept [1] which already showed 
performances overcoming PEMs [2]. The ether group-free aromatic backbone and the piperidinium cationic group of 
these membranes allow an intrinsically good alkali resistance. We fabricated membranes with new piperidinium-based 
cationic substituents and studied their effect on IEC, ionic cluster formation and alkali resistance. The degradation 
causes and their effects were investigated with electrochemical and spectroscopic techniques on aged membranes. 
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Figure 1: example of poly(aryl piperidinium) structure 
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Fluoride-ion batteries (FIBs) are a promising battery chemistry “beyond Li-ion” thanks to the high theoretical energy 

density (up to 600 Wh/kg and 1400 Wh/L at the stack level) and the lack of critical materials such as lithium and cobalt 
[1]. The progress of FIBs has been hindered by the absence of a suitable electrolyte that comprises all the required 
properties i.e., chemical stability over time and in contact with the electrodes, wide electrochemical stability window 
(ESW) and good F-ion transport properties (Figure 1). Solid electrolytes, because of their limited ionic conductivity, 
require high operating temperatures (~150°C) and are incompatible with the large volume changes occurring at the 
electrodes during the conversion reactions [1]. Liquid electrolytes, on the other hand, are often chemically unstable 
because of the high reactivity of the F-ion [1]. The challenge to develop liquid electrolytes lies in finding a solvent capable 
of solvating the F-ion (and hence dissolving the fluoride salt) while being chemically stable in contact with it and that 
possesses good electrochemical properties.  

In my talk, I will discuss our progress on the synthesis and characterisation of novel liquid electrolytes for FIBs.  
 

 
Figure 1: A graphical representation of the critical research fronts in FIBs. The development of (electro) chemically stable liquid 

fluoride electrolytes with good SEI-forming ability is particularly important to the success of FIBs [1]. 
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Redox flow batteries (RFBs) typically comprise two half-cells with different highly concentrated redox couples flowing 
reacting on the electrode surfaces. Negative and positive electrolytes flow independently into the cell and are stored 
externally in the appropriate reservoirs [1]. A membrane divides the two compartments. However, the pass-through of 
reactant species across the membrane is one of the most critical aspects of this technology that can provide energy with 
an easily scalable and modular architecture. With electrolyte contamination, cell self-discharge occurs, and long-term 
performance is compromised [2]. 

In all-copper RFBs, the electrochemical conversion of cuprous cation to cupric cation occurs (Cu+/Cu2+) when charging 
the battery. At the same time, in the negative half-cell, the metallic copper deposition/stripping takes place (Cu+/Cu0). 
When this system is charged, the Cu2+ permeation in the negative half-cell leads to copper metal dissolution due to the 
comproportionating reaction. As a result, the battery's self-discharge and the electrolyte's unbalancing occur [3,4].  

In the present contribution, we use Scanning ElectroChemical Microscopy (SECM) method for the permeability 
investigation of RFB electroactive species through membranes.  
Several commercial and modified membranes were tested in a customed PTFE electrochemical cell with three 
electrodes set up by cyclic voltammetry (CV) and approach curves (AC).  

The CVs were performed with the working ultramicroelectrode (UME) positioned away from the membrane in the 
solution bulk; they provide copper process information and are used to determine suitable conditions for the ACs. The 
SECM probe (UME) was stepped from the solution bulk toward the membrane during the approach curve. By biasing 
the UME toward reducing Cu2+, if the species is present, the recorded current can be correlated with the concentration 
of Cu2+ in space. ACs at increasing times can be used to visualize the Cu2+ diffusion profile evolution in time. Combined 
with modelling, these measurements return quantitative and qualitative information on membrane permeability to 
electroactive species of interest. 
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Anion-exchange membranes (AEMs) have received increased interest in recent years as the electrolyte separator in 
different electrochemical energy conversion and storage (EECS) devices. [1] AEM fuel cells and electrolyzers devices can 
reach the performance level required by applications with electrocatalysts that do not require a high loading of 
platinum-group metals (PGMs) due to the alkaline environment at the electrodes. However, the AEM based EECS 
development and implementation is significantly hindered by the anion exchange membrane (AEM) stability during cell 
operation, their low OH- conductivity and the low kinetics of the electrocatalysts. In fact, the electrolytic anion-exchange 
membrane (AEM) is a crucial component which should allow good charge and water transport, i.e. high ionic 
conductivity, but should also guarantee good chemical, thermal and mechanical stability and high durability. [2] 
In this work, nanocomposite AEMs based on Polysulfone ionomer (PSU) and two different nanoadditives, Layered 
Double Hydroxide (LDH) and Nanoscale Ionic Materials (NIM), have been developed and studied. [3] LDHs are mineral 
anionic clays with elevated ion exchange capacity (IEC). They consist of the positively charged metal hydroxide layers 
with anions located in the interlayer space. This allows strong hydration of the material together with a large number 
of hydroxyls on the host layers forming a dense network of hydrogen bonds along the two-dimensional surface, 
therefore facilitating OH- ion conduction by diffusion mechanism. NIMs have a nanostructure consisting of a spherical 
silica core functionalized with an ionic oligomeric corona. Due to the extremely high number of functional groups 
present, these materials are able to significantly increase the ionic conduction capacity of the resulting electrolyte. [4] 
PSU is a thermoplastic polymer with high thermal stability, good chemical resistance and mechanical properties. 
Nanocomposites AEMs were investigated in both OH- and HCO3

- forms, comparing swelling capacity, ionic conductivity 
and water diffusion. The latter was studied by NMR spectroscopy, measuring the self-diffusion coefficient by the Pulse 
Field Gradient (PFG) NMR techniques. The nanocomposite membranes are able to maintain good hydration at high 
temperatures, and to create an adequate nanostructure with the polymer chains, which favour the Grotthuss diffusion 
mechanism for the OH- ions. Such feature is reflected in the ionic conductivity and in the alkali stability, where they 
demonstrated the highest conductivity and a reduced membrane degradation rate. Finally, electrolysis cell tests were 
conducted on MEAs based on these hybrid membranes, and preliminary results showed very promising performance. 
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Zinc iodide flow batteries (ZIFBs) are amongst the most promising chemistries to substitute the expensive and less 
energy intensive Vanadium Flow Batteries (VFBs). One of main problems related to this technology is the crossover of 
water due to the transport of Zn2+. One possible approach is the development of new ion-exchange membranes (IEMs). 
For practical applications they are required to possess high ionic conductivity, high thermal stability, long lifetime, and 
electrical insulation. The preparation of polymeric materials with such high-performance properties is still challenging 
and can lead to high prices, hindering their widespread use in energy conversion technologies. This is even more difficult 
when considering anion conducting membranes [1-3]. 

Polyketones (PK) are known to be high performance thermoplastic polymers with applications ranging from fire-
retardants film coatings, packaging, and fibers, resulting from their high thermal and chemical stability. They can be 
obtained in high yields by copolymerization of inexpensive and readily available feedstocks such as ethylene and carbon 
monoxide. Our group proved that PK with alternating 1,4-dicarbonyl repeating units constitute an ideal starting point 
to access a wide class of modified polymers by simple Paal-Knorr cyclization, to gain pyrrole-N-bound functional groups 
stemming from the aliphatic backbone [4-5]. 

Different ion-conducting membranes have been developed and the effect of reaction conditions on their thermal 
properties, chemical stability, and their conductivity in a wide range of frequencies have been assessed by broadband 
electric spectroscopy to shed light on the conduction mechanisms [4, 6]. The more promising material developed has 
been tested in a single cell redox flow battery obtaining promising results. 

The proposed conducting polymers combine the thermal stability of the aliphatic PK structure with the chemical 
flexibility given by the groups derived from functionalized amines branching out, proving to be highly tailorable, with 
possible applications in current energy conversion technologies. 
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Reversible solid oxide cells (RSOCs) are recently gaining more and more attention thanks to their ability to work 
efficiently for both energy storage and conversion. These devices can cycle between electrochemical fuel production 
(electrolysis cell mode, EC) and fuel conversion into electricity (fuel cell mode, FC) [1]. Reversible cells have the same 
structure of High-Temperature SOFC, although the state-of-the-art materials suffer from operational drawbacks, such 
as fast degradation of Ni-based cermets at the fuel side. Moreover, the commonly used materials for the oxygen 
electrode usually have high Co-content for oxygen electrode materials. For these reasons, efforts are focusing on 
developing Ni- and Co-free perovskite oxides as new electrode materials with mixed ionic and electronic conductivity 
(MIEC) for solid oxide cells [2]. Recently, however, redox exsolution of metal nanoparticles from the B-site has been 
proposed as an effective way to manipulate and improve the catalytic activity of perovskite oxides; exsolved metallic 
nanoparticles are responsible for the high catalytic activity for most of the electrochemical reactions at the fuel 
electrode side [3,4]. Moreover, a new symmetric cell configuration, in which the same material is used for both 
electrodes, has been proposed to minimize the costs and the structural mismatch between different cell components 
[5]. Therefore, new electrode materials with proper stability in various conditions need to be designed and developed 
for high-performance symmetric RSOCs. 

In this work, La0.6Sr0.4Fe0.95Ru0.05O3-d (LSFR05) was synthesized and investigated as an electrode material for 
symmetric RSOCs. The crystal structure, the oxygen vacancies concentration, the surface coordination of the active sites, 
and the surface morphology are evaluated. The perovskite structure evolution in reducing conditions and the formation 
of Ru-based exsolved nanoparticles are also investigated (Figure 1a).  All these features are discussed and related to 
LSFR05-based symmetric reversible solid oxide cells (RSOCs) performance at 850 °C. A very high activity towards H2 and 
CO oxidation, as well as CO2 reduction, are revealed (Figure 1b and 1c). Thus, 5 wt.% Ru-doping sensibly enhances the 
electrochemical activity of LSF towards different reactions making LSFR05 compound promising for multiple catalytic 
applications. 

 

 
Figure 1: a) SEM image of metallic exsolved nanoparticles from LSFR05 after thermal reduction treatment; b) I-V and power density 

of LSFR05|LSGM|LSFR05 cell in SOFC and c) in SOEC mode.  
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A  sequential  bioelectrochemical  process  consisting  of  two  membrane-less  microbial  electrolysis  cells  (MECs) 
equipped  with  an  internal  counter  electrode  has  been  developed  for  chlorinated  aliphatic  hydrocarbons  (CAHs) 
groundwater  removal.  The  sequential  process  consists  in  a  reductive  and  an  oxidative  bioelectrochemical  reactors 
that allows the complete mineralization of high chlorinated CAHs like perchloroethylene (PCE) and trichloroethylene 
(TCE) through the stimulation of the biological reductive and oxidative dechlorination reactions. In the reductive MEC,
 graphite  granules  constituted  the  cathodic  material  for  the  stimulation  of  the  dehalorespiring  microorganisms 
responsible for the reduction of PCE and TCE while in the oxidative MEC an MMO commercial electrode provided the 
oxygen necessary for the stimulation of aerobic dechlorinating microorganism capable to oxidize the low chlorinated 
CAHs  produced  in  the  reductive  MEC.  After  the  laboratory  validation  of  the  sequential  process  conducted  by  two 
MECs  with  an  8.64  and  3.14  L  volume,  a  scale  up  of  the  process  has  been  performed and  installed  in  a  real  CAHs 
contaminated site in the northern Italy.
The present study showed the development of a scaled up sequential process with a total volume of 420 L composed 
by two reductive and two oxidative membrane-less MECs of 105 L. Tracer and polarization tests were conducted on 
the scaled-up process for the characterization of  the fluidynamic and the electrochemical  behavior of  the different 
units. The results of tracer and polarization tests were compared with the lab scale system showing similar behavior 
of the two sequential processes. 
The scaled-up process was tested at different hydraulic retention time (HRT) while different reductive (-450 and – 650
 mV vs SHE) and oxidative working potentials ( +1.4 and 2.0 V vs SHE) have been used for the reactor’s polarization. 
The pilot scale process showed an energy consumption in the range of 0.58 – 1.65 kWh/m3 of treated groundwater 
without the injection of any chemical in the aquifer. 
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Iron macro cycles are among the most promising non precious metal catalysts for the oxygen reduction reaction (ORR). 
Nevertheless, those catalysts perform very poor in acidic media. To understand the reasons that cause the impossibility 
to use those catalysts in acid, graphite electrodes were drop-coated with inks of iron phthalocyanine adsorbed on 
carbon nanotubes (FePC-CNT) and the electrocatalytic behaviour of the catalyst was studied in 4 different supporting 
electrolytes (i.e., HCl, H2SO4, CH3COOH, and NaOH) by the mean of cyclic voltammetry, polarization curves, and 
electrochemical impedance spectroscopy. Water, cations and anions were simulated by ab initio molecular dynamic 
simulations to explain and visualize the occurring physical adsorption phenomena. The demetallation of the catalyst 
could be excluded because more than 3.6 eV would be necessary for this process to occur. On the other hand, we found 
that the absorption the anion of the specific acids at the Fe centre, would compete with the coordination of oxygen and 
prevent the catalytic process, modifying the ORR rate-determining step and the final product of the reaction. 
Electrochemical analysis as well as impedance spectroscopy corroborate this process.  
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The level of carbon dioxide in the atmosphere is constantly growing mainly due to anthropogenic activities causing 
the well known greenhouse effect that represent one of the greatest challenges to contemporary society. On this regard 
electroreduction of CO2 represents an appealing strategy to rethink a waste and an environmentally dangerous product 
as an innovative feedstock for the formation of value-added carbon neutral compounds. Among the metal electrodes 
able to catalyze such process, copper plays a central role [1]. Strategies aimed at tuning Cu selectivity comprise 
nanostructuring and alloying with heterometals. One of the more investigated nanostructuring strategies consist in the 
controlled formation of Cu oxides, which then undergo to a re-reduction in CO2R conditions. Several strategies have 
been reported for the oxidation of Cu foils’ surface [2][3][4]. 

 
Figure 1: Scheme of an electrochemical cell for the production of syngas from CO2   

 
In this contribution, we will report on straightforward electrochemical methods for the formation of Cu-In interfaces. 

The latter were fully characterized and then used as cathodes for CO2 electroreduction, leading to the selective 
production of syngas, whose composition varies upon changing the applied bias and Indium content. Literature 
examples of copper-indium nanostructured catalysts for CO2R are now still limited.[5]. In particular, the proposed 
cathode in this work is able to efficiently catalyze gaseous mixtures compatible with the synthesis of methanol or 
aldehydes (i.e. respectively with 1:2 and 1:1 CO/H2 ratio) that are produced at a relative low (i.e. -0.62 V vs RHE) applied 
bias with >4 mA/cm2 up to 15 mA/cm2 (i.e. -0.92 V vs RHE) of stable current densities. 
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One of the key factors that influence the overall performances of a lithium ion battery is the electrode formulation, i.e. 
the weight ratio of the various components. These components are usually an active material, a conductive additive 
and a polymeric binder. Since every electrode material is unique and the properties of different binders and additives 
vary a lot, there is not an absolute optimal electrode formulation. Because of this, the parameters are often taken from 
previously published results with different materials, ending up with a non-optimal configuration for the new material 
studied [1]. Another approach, probably the most exploited, is using these compositions found in literature as the 
starting point, varying the percentages of the components along the way as the electrode is tested, a method known as 
OVAT (One-Variable-At-a-Time). While being relatively easy and apparently the fastest way to find the perfect 
formulation, this approach is actually time consuming and intrinsically wrong. In doing so, a wide range of compositions 
is not explored and the “best” composition found is actually the best one among the electrodes tested. 
A more suitable way would be to exploit a design of experiments (DoE) approach, testing a predetermined and restricted 
number of formulations and exploring the widest range of compositions, building a multivariate model that allows to 
make predictions on the mechanical and electrochemical performances of the electrodes to actually find the best 
formulation. 
Graphite has been used as anode material since the birth of lithium ion batteries and seems to be still the perfect anode 
for the majority of purposes, benefitting from its incomparable balance of relatively low cost, abundance, high energy 
density, power density, and very long cycle life [2].  
The multivariate modeling approach has been applied in order to find the best formulation for an electrode based on 
graphitic carbon. These graphitic carbons were obtained by the so called Molten Salt CO2 Capture and Electrochemical 
Transformation (MSCC-ET), a process that allows the conversion of CO2 into useful products, which is highly desirable 
for sustainable development [3]. 
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In recent decades, the analysis of impedance data by their numerical transformation into the domain of relaxation times 
to yield distributions of uncorrelated relaxation times (DRT) has gained widespread popularity for characterising 
electrochemical power and conversion devices such as batteries, capacitors, electrolysis and fuel cells. Information 
acquired by DRT analysis supplements the information known from measurements and the physical and electrochemical 
characteristics of the studied device. 

Eventually, DRT analysis assists in many cases the identification of parameters from where microscopic 
quantities of the device may derive by fitting data to an equivalent electric circuit model. Proper DRT estimation 
demands accounting in the numerical procedure for all information actually available. Various pre-compiled numerical 
tools for the inversion of the underlying integral equation of the DRT impedance are nowadays readily available to 
estimate the DRT from measured (or modelled) data. The only significant effort in such DRT estimation is yet to adjust 
one or another tuning parameter especially when employing regularisation methods. 

Virtually all these tools assume the DRT is real valued, which is unfortunately not the case when the data are 
not exactly of the same nature as that of the employed integral kernel. This is regrettably a fact little known even among 
those familiar and well versed with DRT analysis. 

The use of prior knowledge that is, valid information independent of the data such as limiting frequency 
behaviour and parity derived by applying integral transform, is rarely utilised to full extent for constraining numerically 
the solution space of the resulting DRT. We demonstrate the use of prior knowledge on examples of impedance data 
from studied electrolysis and fuel cells for estimating the DRT by regularised least squares using singular value 
decomposition and heuristic methods to determine optimal regularisation parameters. 

In all our estimations, using another integral transform, the DRT is as an analytic signal simultaneously 
accounting for real and complex valued DRT independent of the nature of the measured data whether resistive-
capacitive or resistive inductive impedances. 
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The most common assumption regarding the performance loss in Redox Flow Batteries (RFBs) technology is the high 
crossover of the electrolyte species through the Ion Exchange Membrane (IEM) [1]. In this work, we report a modelling 
study which considers all the possible solution equilibria established between redox-active vanadium species complexes 
into a vanadium RFB, and we quantify their contribution to the self-discharge and their influence on the cell potential 
(the equilibria considered in the formalism are reported in (Figure 1)). This formalism reveals previously unreported 
pathways for performance degradation in a RFB. Model results indicate that, over Open Circuit Voltage (OCV) 
conditions, VOH2+/V2+ and H2VO4

-/VO2+ redox couples may contribute negatively to the capacity degradation. Upon 
charge, reactions VOH2+/V2+ and H2VO4

-/VO2+ show a decrease of up to 22% and 4.7%, respectively, to the total kinetic 
current density. According to this model, these pathways for performance loss are not negligible and they are unrelated 
to commonly assumed sources of performance degradation such as the crossover of active species, demonstrating that 
this approach could open the door for a completely novel way of studying RFBs performance loss related to its 
chemistry. 

 
Figure 1: Vanadium species grouped in oxidation state ensembles and their chemical equilibria. The ensembles are interconnected 

by the bridging electrochemical reactions. 
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The pressing demand for long-lasting, high-power portable electronics and the emerging large-scale diffusion of 
electric vehicles (EVs) and energy storage from renewable sources require batteries improved energy density at reduced 
cost, along with enhanced cycle life and safety. Considering their intrinsic properties, polymer electrolytes are 
considered one of the most promising solutions among several solid-state electrolyte possibilities. [1,2,3] In this work 
we focus on the development of a specific family of solid-state polymer electrolytes namely polyanions. Because of their 
single-ion nature, the lithium transport number values approach unity; this accounts for remarkable benefits to the 
electrochemical performance, because Li+ ions are predominantly engaged in the redox reaction while anions remain 
relatively inactive. 

The novel single-ion conducting polymer electrolytes (SICPEs), demonstrated greatly enhanced performance 
towards the state of the art of solid-state systems in terms of mechanical properties and electrode compatibility. Several 
polymerization techniques, including also controlled polymer chain growth (RAFT polymerization), were explored for 
the synthesis of different families of SICPEs. The novel solid-state polymer electrolytes were thoroughly characterized 
in terms of physico-chemical and electrochemical properties. Interestingly, the architecture, as well as the nature of the 
backbone chain, of the block copolymers drastically affect the properties and the electrochemical performance of the 
SICPEs, allowing great compatibility with high-voltage cathode (NMC) and improved mechanical properties. Indeed, 
phase separation coming from partial incompatibility between blocks have been deeply investigated as well. 

In the present work, we demonstrated that by the effective design and optimization of block-copolymers structure 
it is possible to achieve several advantages from mechanical/morphological point of view: phase separation, truly solid-
state, enhanced mechanical properties; and from the electrochemical one: single ion conducting features, high lithium 
ion transport, high electrochemical stability towards anodic potential, effective prevention of dendrite growth. 
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Anion Exchange Membrane Fuel Cells (AEMFC) are promising low-cost alternatives to their commercial counterparts of 
Proton-conducting Fuel Cells (PEM). In the last years their performance has been dramatically improved by new polymer 
electrolyte membrane chemistries, reaching or even surpassing the performance of traditional PEMs. The alkaline 
environment in AEMFC alters the electrochemical reactions at the electrodes, causing an imbalance in the water 
production and consumption during cell operation. Anode flooding and cathode drying limit the AEMFCs’ performance, 
which led in the last years to a strong focus on the development of water management strategies. Water build-up has 
been observed in operando with micro X-ray computer tomography and neutron imaging.[1] Both of these techniques, 
however, require modified cell geometries affecting the in operando performance and do not provide quantitative 
information on the effects on individual polarization processes of the cell. Here we propose a new methodology to 
identify the effects of water management (e.g. electrode flooding) on the cell’s charge transfer and mass transport 
processes. To  this aim, we measure in situ electrochemical impedance spectroscopy and deconvolute the individual 
loss processes by calculating the distribution of relaxation times (DRT) of the spectrum. DRT analysis does not require 
prior assumptions about the cell loss processes such as equivalent circuit modeling and is powerful in separating 
processes on similar time scales. This is particularly useful for AEMFCs, where both the anode and cathode polarizations 
strongly contribute to the cell impedance. 

We fabricate catalyst-coated membranes with commercial PiperION (Versogen) polymers as model anionic fuel cells. 
Electrochemical impedance spectroscopy is measured while varying the cell current density and the relative humidity 
of the input gases. The DRT is discretized with Gaussian radial basis functions and fitted to the experimental data using 
Ridge regression.[2] The interpretation of the DRT under varying conditions sheds light on the contributions of poor 
water management to the individual loss processes of the cell, ultimately aiding future AEMFC designs. To the best of 
our knowledge, this study constitutes the first application of DRT analysis to AEMFCs and we foresee an opportunity for 
many future applications to other AEMFC systems under varying conditions. 
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Corrosion phenomena have a high impact on vessel life and the design of a proper protection system is mandatory. 
Nowadays the most reliable solution to accomplish this objective is the coupling of a protective coating, which offers a 
physical barrier, with a cathodic protection system, which acts on hull overpotential and makes up for the possible 
defects and damages of the protective layer [1,2]. The design of cathodic protection (CP) plan for ships and superyachts 
is based on a well-established scientific knowledge and organized by Classification Society and ISO standard. 
Nevertheless, up to now the CP design are often based on shipyards’ experience with the adaptation of previous CP 
plan, exposing the vessel to a possible low or over protection. 
In this talk, the CP plan of an existing yacht is considered to underline the critical design issues. The numerical analysis, 
based on electrochemical kinetic, shows the mismatch between the CP design derived from ISO standard, which 
suggests 2.7 kg anodes (Figure 1), and the real anode adopted, which has a anode weight of 7 kg [3]. The numerical 
analysis carried out in difference sections of the hull, highlights that the ISO based CP plan provides a very low resilience 
and the lack of one anode is sufficient to lead the hull out of the protection conditions (E<-0.80 V vs Ag/AgCl). On the 
other hand, the CP system with 7 kg anodes maintains the entire hull under protection conditions even when one anode 
or more are missing. The final numerical optimization identified an anode with a mass of 5 kg (-28.5% in weight) as 
optimal candidate to provide a sufficient protection for the expected lifetime. The new proposed weight preserves the 
system also when a further damage of the hull and an increase of the breakdown factor occur, underlying the 
importance and necessity to improve the design of cathodic protection plan. 

 
Figure 1: numerical simulation of overpotential distribution on hull ship with 2.7 kg anodes. 
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Rubinetterie Treemme is a Tuscan company leader in the production of taps. Since 1968, the entire production cycle of 
the taps - composed of casting, galvanic coating, polishing, electroplating and assembly - is carried out in the company’s 
craft workshop. With 50 years’ experience behind us, Rubinetterie Treemme continues to invest in research and 
technology and has always paid close attention to the question of environmental sustainability. Terms such as 
“biocompatibility” and “energy saving” are part and parcel of the company’s philosophy, which endeavours to design 
technologically advanced products able to safeguard the environment during both manufacture and use. 
The partnership with Laboratory of Applied Electrochemistry (LEA), University of Florence, allowed to perform a 
research focused on the chromium electrodeposition baths, containing Cr(VI) species, and their possibly substitution. In 
fact, hexavalent chromium is a well-known human carcinogen [1] and its use in industrial process was banned from 
European Union, directing the research towards lesser hazardous alternatives [2,3]. One of the possible approaches is 
to deposit chromium directly from the metallic source, by means of gas-phase techniques, avoiding the use of chromium 
ions at all. While many types of sputtering techniques are available, the most common used is the magnetron sputtering.   
The aim of this work is to compare the proprieties of chromium coatings obtained by hexavalent chromium containing 
electrodeposition bath (ED) as well as magnetron sputtering (MS). Proprieties such as colour, morphology, structural 
information and thickness distribution were evaluated using spectrophotometry techniques (XRF, XRD, UV-vis) and 
scanning electron microscopy (SEM). Indeed, the corrosion resistance of both coatings was estimated in NaCl 3.5%w 
aqueous solution, through electrochemical impedance spectrometry and potentiodynamic polarization, and in salt 
spray test. 
MS-Cr coating presents a more homogeneous thickness distribution, with a finer structure not larger than 100 nm, and 
a better corrosion resistance in comparison to the ED-Cr coating. However, the latter exhibits a lighter colour due to the 
difference in surface morphology.  
In conclusion, the chromium magnetron sputtering technique has shown good potential as an alternative to the 
chromium electrodeposition from Cr(VI)-containing baths, given the superior results in terms of corrosion resistance. 
The authors acknowledge Regione Toscana POR CreO FESR 2014-2020 – azione 1.1.5 sub-azione a1 – Bando 1 “Progetti 
Strategici di ricerca e sviluppo” which made possible the project “Innovativo processo di deposizione PVD su 
Rubinetteria ed Accessori Moda mediante implementazione Realtà Aumentata in ottica di Industria 4.0” (RAM-PVD). 
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In the last few decades, the continuous updates in legislation concerning human health, wastewater and drinking water 
control have contributed to the necessity of developing new chemical low-cost sensors. Water quality assessment in 
terms of its conductivity and chloride ion concentration is attracting great interest in a wide range of fields, spanning 
from industrial process control to food and beverage quality. In particular, chloride anions can contribute to the 
enhancement of galvanic corrosion in lead and metal pipes. Also, the salty content of water can influence its 
organoleptic properties, thus determining the final taste of beverages like coffee. Therefore, CDR s.r.l has developed a 
conductivity probe and a potentiometric ion selective chloride sensor, able to perform the continuous and real-time 
analysis of aqueous medium for long immersion time, also reducing the need of periodic calibrations. This is particularly 
important to allow the early detections of future problems and the planning of corrective actions, therefore ensuring 
the suitability and durability of different systems and infrastructures [1]. 

Nowadays, focusing the business from inspection to-diagnosis-oriented strategies is fundamental in a wide range of 
fields, including the galvanic industry. Indeed, the growing costs of raw materials and the rigid consumer requests 
currently drive the quality control assessment towards a zero-defect manufacturing. In order to satisfy those 
requirements, the continuous monitoring of galvanic baths is a fundamental aspect in the electroplating industry. 
Traditional analytical methods are generally used to monitor electroplating baths. For example, laboratories usually 
perform titrations or spectroscopic techniques, including Inductively Coupled Plasma (ICP-MS), Atomic Absorption 
Spectroscopy (AAS) and X-rays Fluorescence Spectroscopy (XRF). Those analysis generally bring about several 
disadvantages, including the fact that they tend to be lab-intensive, require expensive equipment and specialized staff 
as well [2]. Also, those techniques are not generally suitable to perform real-time analysis. In order to solve these 
problems, CDR s.r.l has developed GalvanLab®, an innovative chemical analysis system to perform quality and process 
control of galvanic baths and wastewater in the electroplating industry. Galvanlab® is able to analyse different 
parameters simultaneously by means of rapid and simple procedures, directly along the electroplating production line. 
This is fundamental to prevent aesthetic and functional defects in the final products, reduce the productive costs and 
guarantee high performances in galvanic deposition. What’s more, GalvanLab® is based on the use of pre-filled and 
ready to use reagents and require only a few microliters of samples, also without the need of calibration procedures. 
This allows a significant reduction of costs if compared with the traditional techniques, still providing totally reliable 
results. In addition to it, CDR s.r.l has developed three in-line and wi-fi devices to be used in galvanic industry: a pH-
meter, a conductivity sensor and an innovative system to trace manufacts along the production line. All those three 
products are connected to a centralized gateway. This allows the acquisition of real-time information about galvanic 
baths and electroplating processes, thus offering customers the possibility to monitor and optimize the production line. 
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Lotti srl, founded in 1963 and based in Signa – Firenze, is an engineering company which designs and produces footwear 
luxury metal accessories, as well as leather goods and clothing for the fashion trade, offering quality assistance and the 
latest technology. It prides itself for its sustainability and strives to serve those brands which pursue top-notch quality 
and service. To further develop technological advancement, research and development has been implemented in 
collaboration with the University of Florence and in particular with a close partnership with the LEA (laboratory of 
applied electrochemistry). The latest research is focused on Electrodeposition and characterization of Heusler alloys 
properties. Heusler compounds are a remarkable class of intermetallic materials comprising more than 1500 members 
with the general Formula XYZ (often called Half-Heusler) or X2YZ, in which X and Y typically are transition metals and Z 
is a main group element. Their special feature is, in fact, that their properties differ completely from those of the 
contained elements [1]. New properties and potential fields of applications emerge constantly; the prediction of 
topological insulators (materials that are insulating in their interior but can support the flow of electrons on their 
surface) is the most recent example. Their extremely flexible electronic structure offers a toolbox which allows the 
realization of demanded but apparently contradictory functionalities within one ternary compound. Devices based on 
multifunctional properties, e.g., the combination of two or more functions such as superconductivity and topological 
edge states will revolutionize technological applications. Their band gaps can readily be tuned from zero to 4 eV by 
changing the chemical composition. Thus, great interest has been attracted in the fields of thermoelectrics and solar 
cell research. The wide range of their multifunctional properties is also reflected in extraordinary magneto-optical, 
magnetoelectronic, and magnetocaloric properties. The most prominent example is the combination of magnetism and 
exceptional transport properties in spintronic devices [2].  
After careful selection and research, an alloy of Mn and As was chosen (MnMnAs). This choice was due to the prediction 
of its properties obtained thanks to the Heusler database of the Center for Materials (University of Alabama). In 
particular this alloys promises to achieve low saturation magnetisation and a polarization at Fermi level of 100% [3].  
The composition of the galvanic bath was researched with the aim of achieving optimal electrodeposition and right 
stoichiometry. In this process, different supporting electrolytes, various pH values, substrates and concentrations of 
metal salts were tested. To study the electrochemical behaviour of the metals under investigation cyclic voltammetries 
were carried out. Both potentiostatic and galvanostatic deposition modes were tested.  
The deposits obtained were characterised by XRF (X-ray fluorescence spectroscopy), EDS-SEM (Scanning Electron 
Microscope), XPS (X-ray photoelectron spectroscopy), XRD (X-ray diffraction) and SQUID (superconducting quantum 
interference device) analysis. 
 
 
 
 
 
 
 
 
 
[1] Graf et al. IEEE Trans. Magn. 2011, vol. 47, no. 2 PART 2., 367. 
[2] Graf et al. Progress in Solid State Chemistry 2011, vol. 39, no. 1,1.  
[3] Innocenti et al. Journal of Electroanalytical Chemistry 2001, vol. 514, 75. 
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Eco-Tech Finish has been operating in the high fashion industry for several years. It has always invested in research and 
development of new technologies and methods to improve its products and processes not only from a technological 
but also from an environmental point of view. The latest project carried out by Eco-Tech Finish, in collaboration with 
other companies in the area, has enabled it to study and develop deposition techniques based on the use of pulsed 
current for galvanic applications. 
 
Nowadays, electroplating in galvanic industries is mainly carried out using direct currents. Unipolar and bipolar pulse 
plating only emerged as a new technique with the advent of modern electronics. The use of modulated current is limited 
both by technological aspects and the difficulty in theoretical modelisation of the electrode processes. Pulsed current 
justifies its practical application mainly through its ability to influence the mechanisms of electro-crystallisation, which 
is directly correlated to the mechanical and physical properties of deposits [1]. By simply adjusting the amplitude and 
length of the pulses, it is possible to control and improve several properties of the deposit, such as composition, 
thickness, grain size, porosity, and homogeneity [2]. This work aims to assess the correlation between the deposition 
parameters and the properties of deposits through theoretical and experimental investigation. All electrochemical tests 
were carried out using a commercial acidic copper bath and a commercial Nickel/Gold bath. Acidic Copper plating is 
commonly used in galvanic applications as an intermediate step to improve the adhesion of subsequent layers and the 
resistance to atmospheric corrosion [3]. 
On the other hand, Gold is mainly used as a decorative layer and protects from corrosion phenomena. The deposits 
obtained using various pulse and reverse pulse sequences have been characterised by estimating the metal surface's 
deposition yield, homogeneity, hardness, and gloss. Using pulsed currents, shinier and brighter films were obtained 
than those produced with stationary currents; The deposition efficiency was also improved. Bipolar currents, on the 
other hand, promote more homogeneous deposits over the entire deposition area and show a more negligible effect 
by the edge effect. 
 
The authors acknowledge Regione Toscana POR CreO FESR 2014-2020 – azione 1.1.5 subazione a1 – Bando 1 “Progetti 
Strategici di ricerca e sviluppo” which made possible the  
project “A.M.P.E.R.E.” (CUP 3553.04032020.158000223_1538). 
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Valmet Plating SRL, led by Valmet SPA, is a well-established company located in Calenzano (Florence). Its mission as well 
as its core business is providing the fashion-jewelry sector with innovative electroplating solutions able to meet luxury 
brand criteria. Since the attention towards the environment keeps on rising [1], Valmet Plating R&D division focused 
more and more on developing solutions addressing the market needs of having green sustainable galvanic baths [2]. In 
particular, not only high-performing allergenic metal-free formulations have been so far fine-tuned, but a novel cyanide-
free galvanic cycle has been industrially validated. The feasibility and performance of this novel cycle were initially 
assessed within an electroplating company based within the Florence area. The chosen objects for testing were chains 
of different rings dimension. Whereas the overall electroplating cycle was intentionally kept fixed, different 
electroplating times were set in order to evaluate boundaries of the system. 
The abovementioned cycle consists in a) pretreatment of the object (i.e. ultrasonic cleaning followed by electrochemical 
degreasing and acidic etching), b) electrodeposition of a cyanide-free alkaline galvanic bath having a high throwing 
power, c) electrodeposition with an acidic galvanic bath having levelling power in such a way to reduce the surface 
roughness of the object galvanized therewith, d) electrodeposition from a cyanide-free galvanic bath of a barrier layer 
in order to provide the object with wear and chemical resistance, e) electrodeposition of “precious metal 1” from a 
cyanide-free galvanic bath, f) electrodeposition of “precious metal 2” from a cyanide-free galvanic bath. After most of 
the electrodeposition steps involved, a common electrochemical degreasing step followed by acidic neutralization is 
performed.  
The aforementioned cycle allowed the object galvanized therewith the fulfillment of the main requested UNI EN ISO 
standard criteria. 
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Filiform corrosion (FFC) is a peculiar morphology (Figure 1) of degradation observed at the metal-paint interface when 
the painted substrate is placed in an atmosphere with a relative humidity between 60% and 80% combined with the 
presence of chlorides ions. The mechanism of propagation is based on the presence of two distinct reaction sites in the 
filament head, an anode, and a cathode. The environment at the metal-paint interface where the corrosion reactions 
take place is characterized by differential aeration between the cathode near the tail and the poorer region in oxygen 
in the head apex where the anodic reaction occurs. The reaction leads to a different local pH of the electrolyte, from 
acidic (anolyte pH 1-4) in the head to alkaline (catholyte pH 12) in the head-tail border. This study is based on the fact 
that the reaction at the interface could be reproduced with a simulating approach by recreating the anolyte and 
catholyte solution under some reasonable assumptions. The main chemical features taken into account were the 
electrolyte pH, ions presence, and oxygen availability. The bare steel substrate can be stressed through a 
potentiodynamic test where the anodic branch is collected in the anolyte solution (pH 2 with the presence of iron ions) 
and the cathodic in the solution simulating the alkaline environment in such a region (pH 12). The intersection between 
the two branches was taken as an assessment of the corrosion current density of the dummy filament. This approach 
was first introduced in corrosion science with the aim to study other types of localized corrosion such as pitting and 
crevice [1] but was also adopted in FFC field by J. M. C. Mol et al. [2] for the aluminum substrate. In this study, another 
electrochemical technique is performed in order to validate the outcomes from the potentiodynamic approach. Zero 
resistance amperometry (ZRA) is chosen as a tool to simulate the localized corrosion by means of two different cells 
with different electrolytic solutions and oxygen availability is tuned to reproduce the FFC corrosion circuit. 
The results from the two approaches give back comparable results in terms of corrosion current density. The role of 
oxygen availability in the reactions is investigated. The main cause of the FFC morphology is demonstrated to be the 
oxygen reaching the active head from the tail through the rust deposits, furthermore, it influences also the propagation 
of the filament and its rate of growth. 
  
 

 
Figure 1: Optical imaging of a filament head morphology. 
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The Gruppo Materia Firenze is leader in the design and production of haute couture brand accessories. Materia’s 
mission is all about transforming raw material to offer tailor-made solutions, from idea to finished product, always 
maintaining a constant focus on innovation and eco-sustainability. This is made possible by the synergy of the three 
business units of which the group is composed: Materia Firenze (where metal and wood are moulded to become icons 
of luxury), MEDÒ (manufacture of wood and bamboo accessories of the highest aesthetic value) and Materia Firenze 
Lab Galvanic Finishing (galvanic finishes for accessories that shine like jewelry). Innovation is a key concept for the group 
and, to improve the research and development of the enterprise, Materia Firenze Lab started a partnership with the 
University of Florence, specifically with the LEA (Applied Electrochemistry Laboratory) research group. The latest 
research resulting from this joint is about evaluating and compare the intermetallic diffusion of Copper into Gold of 
different electrodeposited samples. Copper is almost always present in haute couture metal accessories (especially in 
Nickel-free artefacts) and Gold-based finishing are among the most widespread. Hence, it’s important to understand 
and investigate a critical chemical-physical parameter as the diffusion coefficient. This is because we need to know, 
modelling and foresee changes, as a function of time and temperature, in properties like corrosion resistance and colour 
changes to always deliver the best possible product to the costumer. Materia’s goal was to understand how different 
electrochemical finishes influence Copper diffusion with a faster, cheaper and easier analysis method compared to 
those usually used (AES, XPS, FIB-SEM/MS). The innovative technique used for measuring the diffusion coefficient is 
based on Energy Dispersive X-ray Spectroscopy (EDS/EDX) coupled with Montecarlo simulations. The computational 
part is necessary to simulate standards and create a calibration curve to use to quantify the thickness of diffused Copper 
using the K-ratio data from SEM analysis [1]. To validate the technique, the first step was electroplating a bulky layer of 
Copper on brass and electroplating a layer of 400 nm approx. of Gold on top of it, in order to recreate a well-known and 
already studied system. Then the diffusion coefficient was measured at four different temperature (100 °C, 133 °C, 167 
°C, 200 °C) and the results obtained agree with those found in literature [2]. Hence, the technique was used to measure 
the diffusion coefficient of other Au/Cu systems obtained by varying the deposition current. Then, it was performed a 
study to understand the behavior of different electroplated systems, having the most common barrier layers used in 
haute couture industry. Those samples were made electroplating between Copper and Gold a layer of 400 nm approx. 
of different metals and alloys (PdFe, White Bronze, PdNi, NiP and PdFe); so the diffusion coefficients of Copper and 
barrier layer metals in Gold were measured. At the same time XRD, XRF and colorimetric analysis were carried out. 
Finally, the results were compared to understand and optimize which electrochemical process minimize the 
intermetallic diffusion to further improve the durability of Materia’s artifacts. Then, by deepening knowledge on this 
topic, it might be possible to make time-changing artefacts in a controlled manner and open new design possibilities. 
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Responsible sourcing has finally become a crucial aspect for the metals industry. REgulatory frameworks have been 
developed for which guaranteeing traceability and transparency became  fundamental elements for business. Stricter 
due diligence procedures ensure continuous control of the precious metals supply chain. Still, compliance must go along 
with sustainability, and in this engagement is crucial. Within many of the standards developed by industry associations, 
engagement has become a key figure to support those actors in the supply chain that need formation, proper technology 
in order to improve their extraction practices, support the communities, access the international market therefore 
improve social-economic conditions together with a proper environmental plans to safeguard biodiversity and 
reforestation. All the actors of the supply chain are crucial with their expertise in the organization of a more equal and 
sustainable supply chain.  

As a refiner, Italpreziosi has been playing a crucial role in the supply chain. Italpreziosi has received accreditations 
and certifications from the main national and international authorities, together with voluntary certifications concerning 
product quality, process quality, attention to the environment, human rights and responsible sourcing. Italpreziosi is 
also active in associations and organizations to improve sustainability in the precious metals industry and to reduce 
environmental, social and health impacts. In fact, for the company a sustainable approach means that we care about 
who, where and how this material is produced.  

In this panel we will explore the topic of sustainability and responsible sourcing in the precious metals industry and 
Italpreziosi will bring its own experience as an example of better practice in the supply chain. 
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The rapid growth in demand for lithium-ion batteries (LIBs) will soon lead to challenges in: (i) the management of end-
of-life systems of electric vehicles (EVs) and communication devices (e.g.: smartphones, tablets, laptops, ...), also due 
to their huge variety in composition and design [1]; (ii) the supply of critical raw materials (CRMs), particularly cobalt, 
whose ores are known to be conflict resources and which is currently under the spotlight in the recycling field [2]. These 
challenges can be addressed by collecting and recycling spent batteries through economically and environmentally 
sustainable processes and enabling the transition to a circular economy vision based on the use of secondary raw 
materials.  

In this context, a full cathode recycling strategy is discussed, also for what concerns the pre-treatment processes, 
from the disassembling, opening, and sorting to the component separation, collection, and recovery. More specifically, 
the recycling of both cathode active material and binder are described. In case of cathode, two different processes were 
explored: (i) direct recycling; (ii) soft-solvo-metallurgy via green solvents (namely deep eutectic solvents, DESs) [3]. The 
recovered materials, both electrochemically active system and binder, were used to prepare a new composite cathode, 
which was assembled with the recovered separator in a half-cell, finally characterized to evaluate the effective viability 
of the whole process. 
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It is estimated that 30% of the vehicle market will comprise full battery, hybrid and plug-in hybrid electric vehicles 
by 2030[1]. In order to keep up with the overarching demand of modern electronic and electrification of transportation, 
battery industries must start to apply a circular economy vision based on the recovery of raw materials (Co, Li, etc.) from 
exhausted batteries, using innovative and eco-sustainable approaches. DES are an emerging class of green solvents 
based on binary or ternary mixtures with huge melting point depression at  the eutectic composition compared to  those 
of  the components.[2] They are formed by mixing hydrogen bond donors (HBD ;e.g., urea, glycerol, carboxylic acids, 
acetamide, etc.)and hydrogen bond acceptors (HBA; typically choline chloride (ChCl) or other quaternary ammonium 
chlorides) [3]. In this work a selective extraction and highly efficient recovery method was developed and optimized 
using economic and low-impact Deep Eutectic Solvents (DESs) composed by three reagents: Choline Chloride (ChCl), 
Ethylene Glycol (EG) and Citric Acid (AcC). The LiCoO2 (LCO), recovered from exhausted secondary batteries was leached 
at 140°C for 30 min with a rate LCO:DES 25 g/L in order to obtain a full extraction of lithium and cobalt. The resulting 
solution was subsequently treated at 500°C for 4h, obtaining Co3O4 and LiCl. Finally, the two powders were treated at 
800°C for 2h with a molar ratio Li:Co 1.10:1 to regain the starting cathode, which was subsequently used to prepare a 
second-life cell and compared with a commercial one. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Figure 1. Proof-of-concept for DES-based recycling loop from LCO cathode material 
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The design of innovative Hybrid Energy Storage Technologies (HEST) is based on Supercapacitors (SCs). SCs are directly 
connected with batteries, fuel cells, or ambient energy harvesters to improve the overall power quality and reliability. 
This is especially important for applications having frequent high peak-to-average power demand. 
Unlike batteries that store energy at given cell voltages, set by the electrode Faradaic processes, electrical double-layer 
capacitors (EDLCs) store energy electrostatically within a wide working voltage range, limited only by the 
electrochemical stability of the electrolyte. This dynamic response of EDLCs allows their direct connection, at the single-
cell level, with a wide range of energy harvesters/storage units including those operating at low and variable voltage.  
The rising request for energy storage/conversion technologies makes crucial the implementation of sustainable SC 
materials and manufacturing processes. Indeed, today SCs cannot be considered totally green. To improve the 
sustainability of the SC processing [1], the use of biochar electrodes obtained by the pyrolysis of bio-derived-waste 
enables the utilization of ubiquitous and scalable raw materials within a circular economy approach [2]. Electrode and 
membrane manufacturing by water-processable polymers represents a valuable approach to minimizing the 
environment and economic impact of SC production. In addition, novel electrolyte formulations, including ionic-liquids 
[3] and water in salt electrolytes (WiSE) [4, 5] represent greener substitutes to solve most of the criticality of today's SC 
organic solvent-based electrolytes and can be designed and selected according to the specific SC use. 
 
Here, we report on different activities that aim at the design of green SC and their use in hybrid systems. At materials 
level, we will present the challenges of the upscaled production of Lignin Activated Carbon (LAC) produced by a one-
step carbonization pathway starting from a real lignin waste, using KHCO3 as a mild activating agent. We will discuss 
the use of WiSE and ILs in different SC architectures (symmetric and hybrid) and we will introduce a semi-empirical 
method for proper SC sizing and component selection in view of the SC use in different hybrid technologies. 
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Rh is one of the most catalytic materials for the cathodic reduction of nitrate in acid solutions [1]. However, the use of 
pure Rh or Rh-rich cathodes for the abatement of nitrate is hampered by cost considerations. On the contrary, Ni is one 
of the most investigated elements for nitrate reduction for its relatively low price, good performances and remarkable 
stability in alkaline environments, typical of some industrial wastewater solutions [2]. 
 
To the best of our knowledge, there are only a few reports on the electrodeposition of Ni-Rh films [3,4]; previous studies 
were performed using chloride solutions which yielded deposits with heterogeneous morphology and no evidence of 
crystalline phase formation. In this work, we investigated the electrodeposition of Ni-Rh films in sulfate-based solutions. 
We have deposited Ni-Rh films with a wide range of compositions on RDEs from a single solution, by varying the cathode 
potential. A slightly modified bath was used for depositions on sheet electrodes. SEM images show typically a compact 
morphology like the one reported for a Ni81Rh19 deposit (Figure 1a). 
 
Nitrate reduction on Ni81Rh19 RDEs in 1 M NaOH (Figure 1b) occurs at much lower overpotentials in comparison to Ni 
and with higher activity with respect to both pure Ni and Rh at moderate cathodic overpotentials. Potentiostatic 
electrolysis at Ni85Rh15 sheet electrodes (E = -1.2 V) show, in comparison with pure Ni and Rh electrodes: a faster and 
more efficient nitrate abatement, a lower formation of nitrite and good selectivity for ammonia generation, and a 
limited waste of charge in parasitic processes like hydrogen evolution. 
 

 
 

Figure 1: a) SEM image of compact Ni81Rh19 film deposited on RDE. 
b) LSVs of nitrate reduction on Ni, Ni81Rh19 and Rh RDEs (20 mM NaNO3 in 1 M NaOH, 900 rev min-1) 
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The increase of global CO2 concentration is the main responsible for global warming. In this respect, nitrogen-rich 
ordered mesoporous carbons (NOMCs) are proposed as CO2 adsorbents, focusing on the evaluation of the selectivity in 
respect to N2 and H2O, as they are, together with CO2, the main components of flue gases from coal- or natural gas-fired 
power plants.  

In this work, NOMCs were synthesized as replications of an ordered mesoporous silica hard template, using the well-
known nanocasting route. This method is convenient for achieving a pore architecture composed of both micro- and 
mesopores able to promote improved capture performances and fast kinetics of gas diffusion, respectively [1]. A 
drawback of the conventional synthesis of NOMCs is the use of toxic carbon/nitrogen sources or the post-synthesis 
treatments for the introduction of the desired microporosity and the nitrogen functionalities. Hence, a sustainable 
approach is proposed here, using eco-friendly sources as nitrogen-rich carbon precursors. The incorporation of 
heteroatoms remarkably enhances CO2 adsorption and CO2/N2 selectivity [1,2]. However, N functionalities also provide 
some hydrophilic character to the bare-carbon frameworks, therefore the competition between H2O and CO2 is here 
also expressly studied.  

Interestingly, the fine-tuning of the pyrolysis treatment helped in identifying the best content and binding 
configuration of the incorporated N species, so that the N-CMK-3 materials exhibited sizable capture properties not only 
in pure CO2 and CO2/N2 mixtures, but also under competitive CO2/H2O conditions (Figure 1). Precisely, the best 
performances under moist conditions were better achieved with 8.3 at.% of surface nitrogen. Repetitive adsorption-
desorption cycles revealed also noticeable reusability features. In this respect, a TGA-FTIR study was performed to 
monitor the complete removal of the adsorbed species after the CO2 capture from moist flue gases in a real application 
perspective. 

 

 
Figure 1: Nitrogen-rich ordered mesoporous carbons (NOMCs) conceived for the selective capture of CO2 from moist post 

combustion flue gases  
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Carbon capture and utilization (CCU) is a promising solution able to 
mitigate the problem of the carbon dioxide accumulation in the 
atmosphere, looking forward to the removal of the carbon-based 
fuels in the energy production. The processes chain for the 
valorization of carbon emissions includes capture, compression, 
transportation and conversion. The direct conversion of carbon 
dioxide captured from point sources or from atmosphere is an 
opportunity to avoid the energetic costs of compression and 
transportation, making the whole valorization chain simpler and 
economically friendly.  

Electrochemistry is attracting great interest in the 
implementation of both capture and conversion of CO2, since 
electrochemical processes are energy efficient considering that they 
target molecules directly. Moreover they do not need high 
temperature or pressure and could be powered by renewable energy sources. Different methods may be considered to 
couple or integrate the CO2 reduction reaction (CO2RR) reactor with a capture system, in order to build an 
electrochemical platform able to have a flue gas containing CO2 (around 15%) as inlet and syngas (CO and H2 mixture) 
as outlet. In particular, two basic approaches could be followed. The first one is a coupling between the capture and 
conversion cells, with an electrochemical system able to separate carbon dioxide from flue gas and release it in a purely 
form in the CO2RR reactor. The second idea is to integrate the sorbent agent directly in the conversion cell, avoiding 
part of the energetic cost due to the release necessary in the first method. In the Center for Sustainable Future 
Technologies of the Italian Institute of Technology in Turin, we are working on the implementation of both the 
approaches. In particular, in this talk, the following techniques will be analyzed, highlighting their benefits and 
drawbacks: 

• CO2 capture by wet scrubbing in sodium/potassium hydroxide and its recovery by electrodialysis, with direct 
release in CO2RR reactor [1]. 

• Utilization of redox proton carrier for low-energy capture of carbon dioxide, coupled with CO2 valorization [2]. 
• Integration of the sorbent agent in the CO2RR cell: 

o Conversion of bicarbonate into CO in fuel cell-like reactor [3]. 
o Ionic liquids mediated capture and conversion [4]. 
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Figure 1 Schematic representation of a closed 
carbon cycle using a coupled CCU system. 
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The simplest electrolytic devices are undivided electrochemical cells without any separator between anodic and 
cathodic compartments. These simple yet efficient electrochemical cells often require the use of sacrificial metal 
counter electrodes, which, however, are incompatible with many electrocatalytic systems.[1] 
In this communication, we discuss the effect of the presence of an Al anode on an electrocatalytic reaction in water, 
namely electrochemically-mediated atom transfer radical polymerization (eATRP) catalyzed by common Cu complexes 
with amine ligands.[2] In eATRP, the Cu complexes are continuously reduced at a cathode, while Al3+ ions are released 
from the sacrificial Al anode (Fig. 1). 
It was found that the sacrificial anode could undermine the reactivity of the aqueous Cu catalysts in two ways: i) 
protonation of the amine ligand promoted by the release of acidic Al3+ ions; ii) spontaneous deposition of Cu0 on the Al 
metal surface. Both pathways led to decomposition of the original copper catalyst. 
To avoid undesired side reaction arising from the Al anode, simple strategies involving the use of appropriate amine 
ligands and pH buffers are described. These strategies enabled a successful electrochemically-mediated controlled 
radical polymerization of water-soluble monomers with a greatly simplified system. 
 

 
Figure 1: Schematic representation of the use of a sacrificial anode in electrochemically mediated atom transfer radical 

polymerization. 
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Molybdenum disulfide is a semiconductor that belongs to the family of layered transition-metal dichalcogenides. MoS2 
is characterized by a high double-layer charge storage capacity thanks to its sheet-like morphology and large in-plane 
conductivity, which has recently attracted great interest in the field of supercapacitors. Nanostructured MoS2 shows 
great opto-electronic properties with tunable band gap, including excellent light-absorption and charge transfer 
features. Hinnemann firstly reported that MoS2 nanoparticles were active hydrogen evolution reaction (HER) catalysts 
[1]. The high activity, excellent stability and precious metal-free composition of this MoS2 makes it suitable to perform 
sustainable and feasible HER electrocatalysis. To enhance the photocatalytic activity of MoS2 nanostructures, it is 
possible to couple them with semiconductors that enable rapid charge generation and reduce the combination rate of 
photoinduced electron-hole pairs. Silicon is an abundant material, with strong visible light absorption and with 
production already industrially scaled. Not only Si could be a promising candidate concerning water splitting 
applications, but its coupling with MoS2 could be suitable for the future industrialized production of photo-electrodes. 
MoS2 is generally prepared by means of various kinds of exfoliations, physical vapor deposition, hydrothermal synthesis 
and sulfurization of molybdenum oxides. However, most of those techniques are expensive and could not be easily 
extended to the industrial scale. On the other hand, electrochemical deposition allows the preparation of nanoparticles 
and thin film materials at room temperature and pressure, still preserving a fine control on the morphology and 
thickness of the resulting material. In addition to this, electrodeposition could meet the demands for a feasible and 
industrial production of different materials, including molybdenum sulfides. The electrodeposition of MoS2 was 
previously investigated on metal substrates [2, 3], but its deposition directly on silicon has been very little explored. In 
general electrodeposition on silicon is not a trivial task: the semiconductor nature of Si severely influenced its 
electrochemistry by the lighting conditions and is characterized by a limited exchange of electrons between the 
electrode and the solution. 
Following our previous studies on the deposition of CdSe on silicon [4, 5] we were able to deposit nanoparticles and 
continuous films of MoS2 on monocrystalline silicon (100) n-doped. The deposits obtained were characterized with 
numerous techniques including SEM, XPS, AFM and their catalytic activity towards HER was also evaluated. 
The authors acknowledge MUR for the projects “PRIN: PROGETTI DI RICERCA DI RILEVANTE INTERESSE NAZIONALE – 
Bando 2017” protocol number 2017YH9MRK and “Progetto Dipartimenti di Eccellenza 2018–2022” allocated to the 
Department of Chemistry “Ugo Schiff” of the University of Firenze, Italy. 
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Among metal oxides, tin dioxide (SnO2) is a very versatile low-cost raw material for energy storage, for example in 
lithium-ion batteries, exhibiting a high lithium storage capacity and an excellent cycling performance. Recently, SnO2 
has also been reported as a promoter catalyst for oxygen reduction reaction (ORR) for Li-O2 batteries. Therefore, this 
work reports a simple, fully sustainable, and economic synthesis process to obtain SnO2 nanoparticles (in average 5 nm 
diameter) finely dispersed on a commercial carbon black. In particular, we exploited the presence of oxide and 
carboxylic surface functional groups of C45 carbon black for one-pot synthesis of ultrafine (5 nm in average size) SnO2 
nanoparticles over the carbon surface. Such synthesis can be simply carried through wet impregnation, without any acid 
treatment or high temperature process.  

On one hand, in Li-ion technology, development of high-performance SnO2 anodes is hampered by its peculiar 
electrochemical behavior, characterized by two processes: conversion and alloying reactions. The conversion reaction 
being irreversible leads to specific capacities lower than theoretical, however rational design of nanosized SnO2 can 
mitigate this issue, though SnO2 low conductivity and electrode pulverization justify the need of carbon matrices. Some 
carbon structures proved to be strongly effective at laboratory-scale, but most are too expensive or complicated to 
obtain for scaling-up. Presence of oxygen species on C45 surface, accessible to tin, prevent fast formation of Li2O, 
allowing to achieve high capacity and extreme electrode stability. The assembled cells with SnO2 /C45 exhibit for more 
than 400 cycles the reversible capacity of 560 mA h g−1 per pure SnO2 (after subtracting C45 contribution) at 1C, 
demonstrating prolonged cycling operation thus providing an interesting opportunity for scalable production of stable 
and high-capacity battery anodes alternatively to graphite [1]. 

On the other hand, developing efficient and low cost electrocatalysts for ORR is fundamental to bring the Li-O2 
technology closer to practical applications. The obtained composite material shows an optimal ORR activity with a final 
reduction mechanism following the 4 electrons pathway. This is confirmed in Li-O2 cells, indeed compared to pure C45 
air-cathodes, the composite cathodes lead to the formation of much more reversible film-like discharge products, 
allowing for reduced overvoltage and therefore improved cycling performances both at the high current density of 0.5 
mA cm-2 with more than 70 cycles and in prolonged discharge/charge conditions with over 1250 h of operation at the 
fixed capacity of 2.5 mAh cm-2 [2]. 

Considering the fast and inexpensive method used to prepare SnO2/C45, these results, in terms of reversible 
capacities and long cycling stability, are competitive among others obtained for SnO2-based materials synthetized by 
other methods such as hydrothermal, sonochemical, solvothermal, etc. All these considerations make the synthetic 
route reported a suitable and interesting approach for large scale production. 
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The possibility of designing a hybrid Carbon/Silicon anode for lithium-ion batteries has been studied for many years 
[1]. Carbon beneficial properties like softness, conductivity, and the capability of intercalating lithium ions, are ideal to 
prevent the volumetric expansion of silicon crystalline lattice due to its alloying with lithium (up to 300% of the initial 
volume). Therefore, the design and fabrication of C/Si hybrid materials allows to combine the high theoretical 
capacitance of Silicon and Lithium alloys (up to 4200mAh/g for Si5Li22), far superior to the capacitance offered by 
traditional graphitic anodes (372mAh/g), with carbon properties, thus keeping at the same time high safety standards 
[2]. However, hybrid materials cannot always offer the expected performances in terms of durability and integrity and 
initial capacitance values tend to fade over time [3]. It is recognized that silicon must be well embedded and delocalized 
inside the carbon matrix, with the highest possible Si/C ratio to maximize the capacitance gain. Additionally, the carbon 
material must have a well-developed porous structure with large surface area and optimized pore dimension to shorten 
Li+ ions pathways [4].  

In such a framework, we propose here an innovative nanostructured architecture based on a highly stable composite 
material made of successive and alternate deposition of silicon nanoparticles (average diameter 50nm) embedded into 
an interconnected matrix of carbon nanowalls (CNW), a peculiar graphitic carbon nanostructures where walls of 
graphitic carbon are grown perpendicularly to the substrate surface.  

Silicon nanoparticles are added inside and over the carbon matrix after each CVD step by dip coating using a stable 
suspension of 4g/l of Si nanoparticles in ethanol, while CNW are obtained by a hydrogen-free chemical vapor deposition 
(CVD) process in a hot filament plasma enhanced CVD reactor [5]. The possibility to tune the conditions for each step 
allows the construction of a customized compact porous material, where the active component is well embedded inside 
a light support whose pores offer large gaps to accommodate silicon dimensional variations without losing electrical 
contact. 

Morphology, elemental analysis and distribution have been studied with scanning electron microscopy (SEM) and 
energy dispersive X-ray spectroscopy (EDS), while Raman spectroscopy has been used to evaluate the graphitization 
degree of the carbonaceous component and the crystalline quality of Si nanoparticles in samples. Electrochemical 
properties have been tested in T-cell lithium ion devices in the range 0.04-1.2V vs Li/Li+ with metallic lithium as counter 
electrode and LiPF6 in EC:DMC 1:1 electrochemical solution. 

The material proposed offers a high distribution of Si nanoparticles along the CNW which surround the Si 
nanoparticles with ordered graphitic domains and as an electrode it offers superior retention and stability over several 
cycles compared to an uncovered Si electrode whose capacitance fades after few cycles.  
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Li-ion batteries (LIBs) are the most developed energy storage devices which are often used in portable electronics, in 
electric vehicles and stationary battery storage systems. NIBs are commonly used in large scale electrical energy storage. 
Currently, Na-ion batteries (NIBs) have drawn significant attention as a potential alternative for LIBs, despite their lower 
performance, due to the lower cost, similar electrochemical properties and higher abundance of sodium [1]. Hard-
carbons (non-graphitized carbons) which are produced from pyrolysis of polymers, combustion of saccharides and 
biomass precursors are considered as the most promising electrode materials due to their ability to provide high energy 
density of batteries. 
Herein, hard carbon materials were successfully synthesized through chemical acid activation of a largely available food 
waste. The material is studied by X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Raman Spectroscopy, 
and Brunauer-Emmett-Teller (BET) surface area. The lithium/sodium intercalation capabilities and cycling stability of 
the anode were evaluated by cyclic voltammetry (CV), charge/discharge cycling studies, and rate capability. This work 
also expands the fundamental inside of lithium and sodium storage mechanism by electrochemical impedance 
spectroscopy measurement.  
The good electrochemical performances indicate that this low-cost material could be a promising candidate for Li- and 
Na-ion batteries. Thus, the production surplus can and should be transformed into clean energy, reducing the 
environmental impact and the business expenses with traditional energy. 
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The widespread commercialization of proton-exchange membrane fuel cells (PEMFCs) is still bottlenecked by the 

high loading of platinum-group elements (PGMs), typically platinum, in the cathodic electrocatalytic layer. One strategy 
to overcome the sluggish kinetics of the oxygen reduction reaction (ORR) taking place at the PEMFC cathode is to raise 
the mass activity of Pt by implementing Pt-alloy electrocatalysts (ECs) [1]. This allows to decrease the overall Pt loading 
in the membrane electrode assembly (MEA), the crucial functional component at the heart of the PEMFC. 

This contribution discusses “core-shell” hierarchical ECs (H-ECs) consisting of: (i) a hierarchical “core” comprising a 
blend of nanostructured carbons, that are covered by (ii) a carbon nitride (CN) “shell” wherein Pt-alloy active sites are 
stabilized by C- and N- ligands in “coordination nests” [2]. The active sites are based on Pt together with Ni and Cu as 
“co-catalysts” to enhance the ORR kinetics [3]. The bulk of the support of the H-ECs is minimized to promote mass 
transport phenomena. 

The morphology of the H-ECs is probed by ultra-high resolution scanning electron microscopy (UHR-SEM) and 
transmission electron microscopy (TEM), and is discussed in relation to the synthetic parameters and chemical 
composition. In a second step, nitrogen physisorption techniques are used to evaluate the porosimetric features of the 
H-ECs, including the specific surface area and the size distribution of the pores. The porosimetric and morphological 
features are correlated with the electrochemical performance of the H-ECs as measured: (i) “ex-situ”, via cyclic 
voltammetry with the thin-film rotating ring-disk electrode method (CV-TF-RRDE); and (ii) in single PEMFC under 
operating conditions as a function of the partial pressure of oxygen in the cathodic feed. A new framework is finally 
proposed to rationalize and quantify the porosity-morphology-performance correlation for the H-ECs. 
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During the last decades, lithium-ion battery became the most successful and developed technology [1]. However, 
for stationary storage systems, aqueous energy storage systems appeared as a promising alternative which could 
overcome several issues of conventional technologies, such as the flammability of the electrolytes, the assembling 
conditions in controlled atmosphere, the toxicity and cost of the solvent and salts usually used [2, 3]. To enhance the 
sustainability of the aqueous systems, the electrode manufacturing could be done with water-based processes.  

While aqueous electrodes preparations have been developed in recent years for use in conventional organic 
electrolytes [4], water-processable binders have found only few applications for electrode working in aqueous 
electrolytes [5].  

Chitosan, a bio – based polymer, has been previously investigated as a water-processable binder for electrodes 
working in aqueous electrolytes [6] by crosslinking chitosan chains with succinic acid and N-(3-Dimethylaminopropyl)-
Nʹ-ethylcarbodiimide hydrochloride (EDC). Here we propose a more sustainable and less expensive process that 
modifies chitosan with maleic anhydride to yield a stable binder in aqueous environment without using EDC.  

The binder stability has been tested in symmetrical cell with aqueous electrolytes to verify at different current 
densities and prolonged galvanostatic charge and discharge cycles by using a symmetric cell with activated carbon-
based, self -standing electrodes. 
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A huge contribution in reaching carbon neutrality by the year 2050 in compliance with the European Climate Law would 
come from the realization of an economically feasible Green-Hydrogen based infrastructure. Hydrogen can be used in 
many manufacturing processes under a circular economy approach, e.g. in fuel cells as a direct source of electricity.  
Currently, the main limitation is the high cost of Platinum Group Metal (PGM) catalysts necessary to obtain high 
efficiencies. A possible improvement could come from Anion Exchange Membrane Fuel Cells (AEMFC) and Anion 
Exchange Membrane Water Electrolyzers (AEMWE), that work under alkaline conditions and thus do not require PGM 
catalysts. AEMs with conductivity values comparable to those of Proton Exchange Membranes are already a reality on 
a lab scale. The bottleneck to this technology is the stability under extreme alkaline conditions.  
A tentative solution to the stability problem may be the use of aliphatic polyketones because of their low costs, high 
thermal and chemical stability. We propose a simple and fast few-steps functionalization of commercially available 
poly(ethyl-ketone) via Paal-Knorr reaction, and subsequent alkylation, that results in pyrrole-based cationic side chains. 
We study the effect of different active groups as a function of final properties. Membranes show IEC values exceeding 
1.5meq/g and ion conductivity over 10 mS/cm at 80°C&90% RH. To prove their viability, we present their use in both 
fuel cells and electrolyzers. 
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The world energy economy is facing a global transition, and batteries based on novel chemistries are required in order 
to support this phenomenon. Calcium-based electrolytes are one of the most promising materials thanks to higher and 
more uniform distribution of calcium on Earth’s crust respect to lithium (0.002% for Li vs. 4.1% for Ca), volumetric 
capacity (2073 mAh·cm-3) and working potential (-2.87 V vs. SHE) [1]. Poly(oxyethylene)-based (POE) materials are one 
of the mostly investigated systems to obtain flexible, thermal stable ion-conducting polymer electrolytes (PEs).  

In the present study, Ca2+-conducting PE membranes are obtained by the homogenous doping of the host polymeric 
matrix with a calcium-based salt. As it is observed in the literature [2], in PEs, the dynamics of the hosting matrix may 
assist the long-range charge migration processes and thus the ionic conductivity of active mobile ions. Therefore, to 
develop improved electrolytes for the next generation secondary batteries it is crucial to determine the coordination 
existing between the mobile ions and the host polymer matrix. Broadband Electrical Spectroscopy (BES) is a powerful 
technique which can unravel the interplay between the microstructure and the electrical response and thus elucidating 
the conductivity mechanism occurring in the proposed PEs [2]. 

In the proposed Ca2+-conducting PE membranes, BES studies reveal i) the conduction pathways (σEP, σIP,i) take place 
at the interface between the mesoscopic nanodomains of the microstructure; ii) two “segmental modes” (αslow and αfast) 
are attributed to “segmental motions” of the polymer hosting matrix; and iii) the long-range charge migration 
mechanism of Ca2+ is mediated by the exchange of Ca-based species between different POE chains. Finally, the anions 
of the calcium salt can act as plasticizers establishing weak “dynamic crosslinks” that further promote the interchain 
hopping of Ca-based species and increase the ionic conductivity value up to ca. 10-4 S·cm-1 at moderate temperature 
(ca. 80°C), allowing for their use into a calcium prototype battery device. 
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Sodium-Ion Batteries (SIBs) have emerged as the most promising alternative to Lithium-Ion batteries (LIBs), because of 
the comparable energy and power densities, of the same working mechanisms and of the low cost and high abundance 
of raw materials. Even if a huge number of studies have been dedicated to that, a cathode of election is anyway still 
missing.  

    Among all the cathodic materials, one of the most promising is the family of layer transition metal oxides of general 
formula NaxTmO2 because of the good specific capacities, good kinetic properties and for the similarity to the cathodes 
commercially used for LIBs [1]. Those characteristics, added with a very high operating voltage, are present in P2-
Na0.67Mn0.67Ni0.33O2 (NNMO), a cathode that has been widely studied in literature. This material has been tested in two 
different voltage ranges against Na/Na+, up to 4.2V, where it exhibits a good electrochemical stability but a low 
gravimetric charge, and up to 4.5V, where it exhibits a very high gravimetric charge but a very low stability upon cycling. 
The reasons of this instability are attributed both to an irreversible P2-O2 phase transition [2] and to the oxidation 
reactions that cause an irreversible release of oxygen from the material [3].  
    A strategy to tackle these problems is to perform a coating on the active materials’ particles with an inactive protective 
layer. The coating of the pristine ‘single crystals’ NNMO with MgO and NiO is proposed and optimized here for the first 
time with an easy scalable and low-cost treatment (Figure 1a). The electrochemical tests (Figure 1b) demonstrate that 
the coating effectively improve the stability of the material, enhancing the capacity retention upon cycling and 
permitting to obtain a stable capacity. In order to better understand the role of the coating the electrode/electrolyte 
interphase has been studied both with Electrochemical Impedance Spectroscopy and with X-Ray Photoelectron 
Spectroscopy, in order to evaluate the modification in the Solid Electrolyte Interphase composition induced by the 
coating.  

 
Figure 1: a) SEM images of Pristine and Coated-NNMO, b) the effect of coating on the specific capacity 
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Nowadays, the production of energy through renewable sources has been continuously increasing in order to limit the 
utilization of fossil fuels. Therefore, the development of safer energy storage systems with better performances is at 
the center of the scientific research. In this context, lithium sulfur (Li-S) battery is a promising technology due to the 
high gravimetric energy density (2600 Wh/kg) and its low environmental impact. [1] 

Herein, we report an innovative synthesis of a composite material composed of reduced graphene oxide (rGO) 
sheets and ZnS nanoparticles, as shown in (Figure 1). In particular, the microwave approach allows to dramatically 
reduce the time (15 minutes at 190 °C) to obtain the material, it is energy savings and can guarantee a higher 
reproducibility compared to the traditional hydrothermal route. The combination of carbonaceous materials and metal 
oxide is very interesting since the former are able to provide an excellent electronic conductivity while the latter have 
a strong affinity with polysulfides (LiPSs), which is fundamental to mitigate the shuttle effect, one of the main issues of 
Li-S battery. [2] [3] Moreover, it has been recently reported that metal oxides may act as catalyst to promote the 
oxidation of LiS2, another important factor that can limit the parasitic reactions. [4] 

The rGO/ZnS nanocomposite was fully characterized from a chemical physical point of view (XPS, XRD, FESEM, TEM 
and TGA). Above all, the XPS results showed that the rGO structure was modified during the MW synthesis, resulting in 
a nitrogen and sulfur doping of the material, which could help to form a good interaction with LiPSs by increasing the 
polarity of the material. The composite was then used as sulfur host by using the melt infusion technique to produce 
cathodes which were subsequently tested in half cells, showing high rate capability and cycling stability. 

 

 
Figure 1: FESEM micrograph showing the ZnS nanoparticles which had been grown on reduced graphene oxide sheets. 
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Among electrochemical energy storage (EES) technologies, the Aqueous Organic Redox Flow Batteries 
(AORFBs) represent the most promising system for sustainable and large-scale energy storage looking to carbon-
neutrality target addressed to the medium-long term. AORFBs use of water as a solvent offers multiple advantages 
in terms of costs, safety, and environmental sustainability compared to common organic solvents [1, 2].  

This work reports the development and the characterization of water-soluble organic redox couples as 
electrolytes for a pH-neutral AORFB. The selection criteria were based on green synthesis strategies without using 
critical raw materials (CRM). High water-solubility in a neutral environment, electrochemical reversibility, and 
stability were also further electrolyte requirements that turn our attention to ferrocene- and viologen-derivatives, 
as catholyte and anolyte, respectively. Ferrocene (Fc) exhibits very reversible oxidation and reduction, its chemistry 
is well understood, but it has limited water solubility. This work improved Fc solubility by adding hydrophilic 
functionalities such as sulfonic anion groups to obtain bis sulfonate modified Fc (Figure1a). Viologen-derivatives (Vi) 
compounds are a class of redox-active molecules with broad applications in electrochemistry based on their stable 
2+/1+ redox couple. However, in RFB operative condition Vi rapidly degrades, leading to capacity losses. To limit 
degradation and improve cell performance, an electron-withdrawing group, such as sulfonic group, has been 
introduced on Vi (Figure1b). 

 

Figure 1. (a) Ferrocene (Fc) and (b) Viologen (Vi) derivatives 
  

The reversibility of the redox couples in terms of peak-to-peak separation has been evaluated by Cyclic 
Voltammetry analysis, while Linear Sweep Voltammetry with Rotating Disk Electrode allowed estimating the 
diffusion coefficient and the kinetic rate constant through the Koutecky-Levich theory. A 5cm2 AORFB has been 
assembled using the optimized Fc- and Vi-derivatives as electrolytes; the battery performances have been evaluated 
by acquiring Energy and Voltage Efficiency (EE, EV), coulombic efficiency (CE), depth of discharge (DoD), and state of 
charge (SoC).  
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     The use of pure hydrogen to power solid oxide fuel cells (SOFCs) still does not represent a sustainable option on the 
way to commercialization, due to the infeasible conversion of the existing gas-production and delivery infrastructures. 
Therefore, hydrocarbon-based fuels seem to be the only reasonable choice to efficiently run commercial devices. The 
key aspect to render these devices competitive on a market scale is the development of reliable, cost-effective, and 
long-lasting electrodes. Ni-YSZ is the reference fuel-electrode material for H2 fed SOFCs. Nevertheless, Ni-based cermets 
cannot be exposed for long operational time to methane-containing fuels, as these suffer from two main drawbacks: 
mechanical instability upon NiO-Ni redox cycles and passivation due to coking, being Ni a catalyst for methane cracking 
[1]. Recently, alternative ceramic anodes based on layered double perovskites have shown promising performance [2]. 
To improve the electrochemical activity towards methane oxidation the exsolution of endogenous metallic 
nanoparticles from perovskite precursors through in situ reduction was explored [3]. Being uniformly dispersed on the 
oxide substrate, these nanoparticles enhance the catalytic activity and the coking tolerance. In this work a composite 
material with La1.2Sr0.8Fe0.6Mn0.4O4 Ruddlesden-Popper perovskite and Ni-Ce0.85Sm0.15O2-δ fluorite was developed as an 
innovative fuel-electrode for methane fed SOFCs. A Ni-Fe catalytic alloy was in-situ formed out of exsolved Fe from the 
perovskite and Ni supported on SDC. LSFMn+NiSDC behaved as a stable and resistant anode to dry H2/Air redox cycles. 
The composite turned out to be also highly active for operation in dry methane (668 mW/cm2 MPD and 0.352 Ω·cm2 
Rpol at 850 °C) as shown in Fig. 1a, with negligible carbon deposition at the end of a 120 h endurance test at OCV (Fig. 
1b). 
 

 
Figure 1. a I-V curves and power densities in the 750–850 °C temperature range for LSFMn+NiSDC based cell tested in dry CH4; b cell 
response to endurance test: open circuit voltage vs. time. The anodic environment was cycled between dry CH4 and dry Ar to simulate 
cell on/off routine. 
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One of the greatest challenges we face as a society is fighting climate change without negatively affecting our quality of 
life. Critical to this goal is improving the efficiency of energy production and storage. In this context, it is essential to 
study the materials used in Li-ion batteries (LIBs), one of the most used storage devices nowadays. Here, we study 
LiCoO2 (LCO), which is one of the most used materials in LIBs as single cathode [1], in the form of Ni-Co-Mn (NCM) and 
Ni-Co-Al (NCA) alloys, or as a component with negative chemical expansion coefficient [2] in zero-strain composite 
cathodes. 

 
Figure 1: (a) and (b) RBS/NRA spectra of 3 samples grown at different pressures for 100 min, (c) Raman spectra of the same 

previous films, and the topography by AFM of two samples grown at 0.1mbar for 50 and 200 min (d and e).  
 

The composition and morphology of pulsed laser deposited LCO films grown under different conditions [namely, (a) 
series of oxygen pressures ranged between 0.01-1 mbar and (b) series of deposition times between 50-200 min, all of 
them deposited at 600 oC from a stoichiometric LCO target] were studied by RBS with protons including NRA to detect 
Li [3] (undetectable by RBS), micro-Raman and atomic force microscopy (AFM). Low oxygen pressure and a high surface-
to-volume ratio for thinner films promote Li losses and then spinel Co3O4 nucleation as revealed by NRA and micro-
Raman. From the LCO-to-Co3O4 ratio obtained by Raman, and the columnar growth habit of the films by cross-section 
SEM, we can correlate the large faceted grains imaged by AFM with LCO, while the granular background would 
correspond to the spinel phase. Confocal AFM-Raman microscopy is currently being developed to support these 
predictions. 
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Solid-state electrolytes (SSEs) aim to overcome the safety issues, to decrease the package volume and to increase the 
energy density of next-generation energy storage devices, such as Li-ion and post-lithium batteries. Among different 
types of SSEs, the ion gel (or ionogel) systems, in which polymer electrolytes are doped with room-temperature ionic 
liquids (RTILs), are amongst the most attractive choices to reach ionic conductivity values comparable to those of liquid 
electrolytes, ensuring better safety and electrode/electrolyte interface stability [1]. In our previous studies, several 
ionogel samples were prepared by UV-curing [2]. Here, we present the results of newly optimized methacrylate-based 
solid-state electrolyte conceived for ambient temperature cycling with high-energy cathodes. The obtained ready-to-
use and self-standing crosslinked electrolyte membranes (~100 µm thickness) showed relatively high ionic conductivity 
(0.8 to 2 mS/cm at 20 °C) and anodic stability (up to 4.5-5 V vs. Li). Moreover, the same method was used to polymerize 
the solvent-free electrolyte directly on the surface of the NMC-532 cathode to decrease the interfacial resistance and 
obtain electrode/electrolyte multilayered films. Lithium metal lab-scale cells were assembled for galvanostatic cycling 
measurements, and they demonstrated initial discharge capacities of around 180 mAh/g at low C-rates in the voltage 
of 3.0-4.3 V at room temperature. Furthermore, motivated by the demand of increasing the overall performance of the 
SSEs, a type of LLZO-incorporated composite solid electrolyte is now under our investigation and further development. 
We introduced LLZO ceramic microparticles into the aforementioned ionogel systems, and by exploiting its deposition 
property, LLZO-rich composite electrolytes were formed via in-situ photopolymerization. So far, the best achieved 
preliminary cycling result show stable cycling at high capacity up to 0.2C at room temperature, which demonstrates the 
promising prospects of the newly developed composite SSEs and their potential contribution to the fabrication of solid-
state, high-energy lithium-based batteries.  
 

 
Figure. 1. (a) Ionic conductivity values of ionogel systems; (b) galvanostatic cycling results of composite electrolyte fabricated 

through in-situ polymerization on the surface of NMC-532 cathodes. 
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Lithium-Ion Batteries, LIBs, are the core devices that made possible the diffusion of portable consumer electronics 

(mobiles, laptops, power tools) and the booming of the electric vehicles market [1]. Their ubiquitous use and diffusion 
pose the urgent problem of spent LIBs management. Indeed, they represent a complex and hazardous kind of waste for 
which specific regulation, disposal, and recycling routes are absent. At the same time, the production of LIBs involves 
the mandatory use of specific elements such as Li, Co, Ni, Cu, Al that are considered Critical Raw Materials, CRM, due to 
their limited availability, high costs, monopoly, and geological distribution [1-3]. The development of efficient and 
sustainable procedures for recycling of spent LIBs is the answer to these two main problems as it enables to properly 
manage the LIBs waste and allows for the recovery of CRMs with particular focus on the Li and Co, the most valuable. 
In the recent years many studies have been presented focused on the degradation on the cathodes (the component 
containing most of the Li and Co) using organic acids under mild conditions (<100°C, 1-3 hours) demonstrating the 
feasibility of such routes resulting in the obtaining of a water-based solution of the metals of interest. To close the 
recycling circle, it is necessary to develop methods for the selective recovery and isolation of Li and Co from these 
solutions.  

 
Here we proposed the use of Ionic Liquids (molten salts at room temperature) for the recovery of lithium and thus 

enabling also the subsequent isolation of cobalt. We exploited the well assessed and recent knowledge on the cathodes 
degradation using organic acids replicating the most efficient ans sustainable processes. The products of these 
degradations have been considered as the starting point for the testing of the Ionic Liquids based on the OMIM-TTA 
composition, previously proposed for the selective extraction of Li in solution containing also Na and K [4]. The OMIM-
TTA ionic liquid has been further modified to obtain a Functional Ionic Liquids with chelating properties, improving the 
selectivity for the coordination and extraction of Li. The proposed ionic liquids, functional ionic liquids, and recovered 
products have been fully characterized from the chemical-physical point of view and in terms of selectivity using thermal 
analysis, IR, NMR, ICP, XRD, UV-vis techniques. 
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Lithium-ion batteries (LIBs) are a well-exploited technology for electrochemical energy storage since the 90s. 
LIBs are used in a wide range of devices and new applications, like electric vehicles and micro-mobility 
systems, are emerging in the last decade. Unfortunately, LIBs are expected to reach in next future theoretical 
limits in terms of gravimetric and volumetric density [1]. Solid electrolytes (SEs) have been investigated as a 
replacement for liquid ones to increase energy density and cell safety of lithium metal batteries. Gel polymer 
electrolytes (GPEs), consisting of a polymer matrix, a lithium salt and a plasticizer, are promising electrolytes 
for LIBs with better conductivities than SEs. Conventional plasticizers utilized are organic solvents that are 
flammable with limited thermal stability, toxic and unstable at high potential, therefore limiting the use of 
low-potential cathodes.  Ionic liquids (ILs) are low melting point salts that have been used as plasticizers in 
polymer matrices to form ionogels (IGs). The advantages of ILs compared to conventional plasticizers are 
their negligible vapor pressure, non-flammability, high thermal and chemical stability, wide electrochemical 
stability (ESW) and good ionic conductivity.  However, Li+ mobility and rate performance are still a challenge 
due to high viscosities and ionic conductivities not comparable to conventional electrolytes [2]. Active and 
passive ceramic filler can be added to polymer electrolytes to increase conductivity and mechanical 
properties. Al2O3, SiO2 and ZrO2 were used as passive fillers to decrease polymeric crystallinity and increase 
robustness of membranes [3,4,5]. In this framework, a GPE for lithium metal batteries was developed with 
the idea of incorporating during free radical polymerization the IL as a plasticizer in a one-pot preparation 
method, without further preparation steps. The polymer backbone was prepared by the thermal reticulation 
of butyl methacrylate (BMA) with polyethylene glycol diacrylate (PEGDA) as a crosslinking agent. The addition 
of ILs during the polymerization enabled the preparation of a self-standing membrane with interesting ionic 
conductivity (10-3-10-4 S cm-1 at room temperature) and a wide electrochemical stability window (5-5.5 V vs 
Li+/Li). ZrO2 nanoparticles were added as filler to increase polymer electrolyte tenacity and favor the mobility 
of Li+, that in IGs tends to form ionic clusters tremendously decreasing the lithium transport number [6]. 
Testing cells were assembled with lithium metal anode and LFP cathode to evaluate electrochemical 
performances during galvanostatic cycling under different C-rates. Developed membranes enabled to reach 
a specific capacity of 110-120 mAh g-1 at room temperature.  
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The ever-increasing production of portable devices and electric cars asks to the market to produce efficient devices that 
can store electrical energy. For these types of technologies, where device miniaturization is essential, lithium-ion 
batteries (LIBs) have become leaders as energy storage systems. The research on the LIBs is focused to obtain more 
performing devices with high gravimetric and volumetric capacities of the electrode materials. In addition to the 
technological aspect, related to the optimization of materials, a critical point stay is the supply chain of rare elements 
involved in their preparation (e.g. lithium)[1]. An approach to overcome this problem stay in the developing of post 
lithium batteries, i.e. sodium-ion batteries (SIBs). However, one of the main problems of SIBs is the negative material, 
because no reference electrode materials are still available. 
One of the most investigated anode materials is the MXene. It is synthesized by the MAX phase precursor (Mn+1AXn 
stoichiometry) in which M is a transition metal (e.g. Ti, Cr, V, Mo, Nb), A can be an element from group 13 or 14 (mainly 
Al or Si), X can be carbon (C), or nitrogen (N) or a mixture of the two[2]. The MAX phase can be described as 3D layered 
structure (space group P63/mmc) in which the atoms arrange along the c parameter with a repetition of Mn+1Xn layers 
spaced by A planes. The MXenes can be obtained from the MAX phases through the selective removal of the A element, 
generally obtained via etching in HF. This procedure involves the substitution of the A element with terminal groups T 
(e.g. -O, OH, -F). Due to the peculiar synthesis, the MXene maintains the same MAX phase lamellar nature, with each 
lamella made by a repetition of [Tx(Mn+1Xn)Tx]k stacks. 
The synthesis of the materials, indeed, remains the bottleneck for the large production and application of the MXenes 
in different fields, due to the use of hydrofluoric acid, which is toxic, difficult to handle, and requires dedicated apparatus 
and facilities, but at the same time mandatory for the total conversion from MAX phase to MXene. The in-situ generation 
of HF can be considered as a profitable way to dump the overall hazard of the synthesis[3][4]. 
In this contribute we compare four different etching routes to obtain the MXene Ti3C2Tx starting from the MAX phase 
precursor using HF etching in-situ technique. This study is aimed to compare the structural, morphological, and 
electrochemical properties of the as obtained MXenes and to rationalize the effect of the etching agent on these 
properties. 
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Polymeric binders for sulfur cathodes play a very critical role as they prerequisites for an in-situ immobilization 
against polysulfide shuttle and volume change while ensuring good adhesion within active materials for ion conduction 
along with robust mechanical and chemical stability. Unfortunately, linear polymer binder materials, including 
commercial polyvinylidene difluoride (PVDF) and recently studied poly(ethylene oxide) (PEO), still have limitations such 
as low sulfur utilization, polysulfide dissolution, poor Li+ ion conduction, or low mechanical strength [1-4]. Here, we 
demonstrate anionic surface charge facilitated conformal fractions biopolymer binder for sulfur cathodes enabling 
excellent performance and fire safety improvement. The aqueous-processable tragacanth gum-based binder is adjusted 
to house high sulfur loading over 12 mg cm-2 without compromising the sulfur utility and reversibility, imparting high 
accessibility for Li-ions to sulfur particles about 80%. The intrinsic rod and sphere-like saccharidic conformal fraction’s 
multifunctional polar units act as active channels to reach the sulfur particles. As a result, the binder entraps polysulfides 
with 46% improvement and restrains the volume changes within 16% even at 4 C. Moreover, the flexible Li-S battery 
delivers a stack energy density of 230 Wh L–1, demonstrating high reactivity of sulfur along with good shape 
conformality, which would open an avenue for the potential development of the compact and flexible high-power 
device [5]. 

 

 
Figure 1: Macromolecular bio-polymer binder is designed to undergo high sulfur reactivity towards Lithium to realize high-power. 
The conformal binder units expediate good electrode integrity resulting in a highly-flexible nature and fire-retardant capability to 
sulfur cathodes ensuring for a high-power and safer Li-S flexible devices. 
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The development of advanced electrocatalysts (ECs) for the oxygen reduction reaction (ORR) is one of the most active 
research areas in the field of electrochemical energy conversion and storage devices. In the operation of ion-exchange 
membrane fuel cells (IEMFCs), the ORR is a major bottleneck as it introduces very large overpotentials. Furthermore, 
ORR ECs for the acidic environment typically comprise a significant loading of platinum-group metals (PGMs) to meet 
performance and durability requirements for practical devices.[i] This raises serious concerns as PGMs have a low 
abundance and uneven distribution in the Earth’s crust. 

This work reports a new family of hierarchical ORR ECs (H-ECs) that: (i) are “PGM-free”; (ii) comprise bimetallic Fe-
Sn active sites; and (iii) exhibit a support “core” consisting of a blend of nanostructured carbon species that is covered 
by a carbon nitride “shell” stabilizing the active sites in C- and N- “coordination nests”. The H-ECs are obtained by means 
of a unique synthetic protocol that allows for modulating: (i) the chemical composition of the active sites; (ii) the 
structure of the material; and (iii) the morphology and porosity features, which play a crucial role to control the 
transport of reactants and products in the final device and may introduce significant overpotentials.[ii],[iii] The interplay 
between the synthetic parameters, the physicochemical properties and the electrochemical performance of the H-ECs 
is elucidated. Particular emphasis is placed on: (i) studying the impact of the metals on the ORR performance and 
mechanism, both in an acidic and alkaline environment; and (ii) rationalizing how the features of the nanostructured 
carbon species in the “core” affect the porosimetric features of the final H-ECs and, in turn, the mass transport 
properties of the fuel cell (FC) prototypes integrating such H-ECs. 

The bulk chemical composition, the porosimetric features, the morphology and the structure of the “PGM-free” H-
ECs are determined by inductively-coupled plasma atomic emission spectroscopy (ICP-AES), CHNS microanalysis, near-
ambient pressure X-ray photoelectron spectroscopy (NAP-XPS), nitrogen physisorption, ultra-high resolution scanning 
electron microscopy (UHR SEM), transmission electron microscopy (TEM), and wide-angle X-ray diffraction (WAXD). The 
ORR kinetics and reaction mechanism of the H-ECs both in the acid and the alkaline environment is via the cyclic 
voltammetry with the thin-film rotating ring-disk electrode (CV-TF-RRDE) technique. Finally, the H-ECs are adopted to 
fabricate FC prototypes, which are tested under operating conditions as a function of the partial pressure of oxygen at 
the cathodic feed. 
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Sodium-birnessite, the layered hydrated Mn oxide, has 
received wide attention as a material for energy storage in 
aqueous electrolytes, and more recently for ion capture in 
capacitive deionization. Due to the complex electrochemical 
behavior of birnessite, an in-depth understanding of the 
storage mechanisms at the surface and in the bulk of this 
material is still a challenge. In the present study, we address this 
problem using two different methods, namely Step Potential 
Electrochemical Spectroscopy (SPECS) and Electrochemical 
Impedance Spectroscopy (EIS). For a comparative assessment 
of the outcome of the analysis, the time or frequency 
dependent electrode response is fitted to equivalent circuits in 
Figure 1a, b, for EIS and SPECS, respectively, and relevant 
parameters are used for the reconstruction of Cyclic 
Voltammetry (CV), following [1].  

 
A paste electrode (70 wt.% sodium-birnessite, 20 wt.% carbon black and 10 wt.% PTFE) on graphite current 

collector (130 μm thick foil) was used as WE in 1.0 M Na2SO4 electrolyte, with the active mass loading of 3.6 mg cm–2
 

and the thickness of about 50 µm. SPECS and EIS were performed over the potential window from 0.2 to 0.8 VSCE, both 
in the anodic and cathodic direction, using a step of 10 mV and the equilibration time of 600 s. EIS spectra (100 kHz - 5 
mHz, 5 mVrms)  are fitted to the model shown in Figure 1a that includes a series connection of an uncompensated resistor 
(𝑅!), a semi-infinite Warburg element (𝜎"), represented by a constant phase element (CPE) with the pre-exponential 
parameter fixed to 0.5, and an ideal capacitor (𝐶#). On the other hand, current transients from SPECS are usually 
simulated by a combination of RC exponential and Cottrell-like decays over a residual current, 𝑖$%&. Since there is clear 
a mismatch between EIS and SPECS, a meaningful comparison between the two techniques is not trivial. To fit SPECS 
current transients, we modify the conventional fitting model according to the equivalent circuit in Figure 1b, consisting 
of the series connection of a constant resistor, of time dependent resistor (𝜎'√𝑡) and capacitor (√𝑡/𝜎'), and an ideal 
capacitor (𝐶#). In this model, time dependent components in Eq. 1 correspond to the Warburg diffusive element of the 
EIS model. Therefore, we assume as the SPECS equivalent circuit the series connection of a constant resistor, of time 
dependent resistor and capacitor, and an ideal capacitor. Thus, the current response is fitted to the two-term Eq. 1 with 
the modified exponential decay function and a constant residual current. 

The comparison between EIS and SPECS is illustrated in Figure 2a,b. Figure 2a shows that the values of the 
Warburg coefficient derived from the current transient analysis are in agreement with the ones obtained from the 
impedance fitting, which confirms the equivalence between the pseudo-Cottrell and Warburg element. Figure 2b shows 
the comparison between 𝑖$%& from SPECS simulation and the equivalent quantity derived from EIS. Namely, to account 
for the discrepancy between EIS and SPECS analysis represented by 𝑖$%&, we assume as the equivalent EIS quantity the 
steady-state current measured at the electrode at any given potential. The reconstructed CV response based on SPECS 
and EIS simulation shows a reasonably good match with experimental data, irrespective of scan rate, and even a very 
good agreement, namely at very low scan rate, e.g. 50 µVs–1 (Figure 2c, d), though, at such low rate, the outcome of the 
analysis differs in the evaluation of the contributing processes, due to the increasing contribution of  𝑖$%& and the higher 
value resulting from SPECS simulation, as shown in Figure 2b. Evaluation of the origin and, possibly, the explicit 
modelling of the residual current is a further step needed to clarify this discordance.  
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Metal-Nitrogen-Carbon (Fe-N-C) materials as alternative to Pt-based catalysts are widely studied with the general 

consent that iron is the best choice to reach high activities. The general accepted characterization is the rotating-ring-
disk electrode method that allows a fast screening of activity and selectivity, but it is known to have some drawback: 
catalyst loading on the electrode influences the recorded selectivity [1], and the condition of measure are far from being 
comparable to actual fuel-cell device. 

In this work, we synthetize a benchmark material with Vulcan XC72 as support and iron-phenanthroline as metal-
nitrogen precursor (Fe2XC72), which was characterized by elemental analysis, XPS, SEM-EDX, XAS, XRD, ICP-MS and N2 
physisorption to fully understand its physico-chemical properties. The electrochemical characterization was at first 
performed by RRDE technique in acidic electrolyte to evaluate the activity towards the ORR and therefore the H2O2 
production. At a later stage, the material was also tested by two further configurations, with the aim of mimicking as 
closer as possible a real fuel cell, while keeping a simple setup. The first one is a Gas Diffusion Electrode (GDE) proposed 
by Arenz et al. [2] that allows to separate the catalyst and the electrolytic solution with a membrane mimicking the 
cathodic side. The other setup is a commercial divided cell (Gaskatel) which allows the evaluation of peroxide production 
as compared to RRDE, but with a bigger active area (3 cm2 vs. 0.071 cm2). The three setups were then compared in term 
of activity and selectivity (Figure 1). On the same setup stability tests were also performed showing nonobvious trend, 
which could be related to different layer quality, peroxide interference and other setup condition under evaluation. The 
same tests were also repeated in alkaline electrolyte. 

The Arentz-GDE setup experiments reported in this work is one of the first example for Fe-N-C materials being so far 
limited in literature mainly to Pt based catalyst for ORR investigation or Silver based catalyst for CO2 reduction [3]. 
Therefore, the aim of this work is to validate the Arentz-GDE setup for a fast screening of Fe-N-C catalysts for ORR. 
 

 
   

Figure 1: Comparison between RDE and GDE linear sweep voltammetry in term of current density with a magnification in onset 
region 
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Energy storage is a key challenge of modern society. In fact, renewable energy production is expected to grow largely 
in the coming years, and efficient massive storage is required to improve large-scale grid integration of intermittent 
electricity sources (e.g. solar, tides, wind) [1]. At present, the state-of-the-art in the field is represented by Li-ion 
batteries (LiBs). However, near future global battery market might be so large that problems regarding materials supply 
will rise not only for Li (viz. Li2CO3), but also for raw materials (e.g. Co-based). Cheaper batteries based on Na-ion 
chemistry (NiBs) can refresh the renewable energy sector and supply more balancing to the grid, providing proper back 
up to intermittent renewable sources. Sodium exhibits suitable electrochemical properties, close to those of lithium, 
and it is very abundant [2]. In general, development of new NiBs requires: i) discovery/investigation of new materials 
being widely distributed and without strategic contingencies, and ii) search for high energy/power density and safe 
battery configurations. 

Here, we deliver a fully integrated innovation chain based on the material-to-end-use approach. The target of our 
research group in this field is developing new materials for next-generation, highly performing and sustainable, all-solid-
state, secondary NiBs, by exploring the entire value chain that includes “green” fabrication of nanostructured electrode 
(e.g., high-V Fe and/or V-based phosphates at the cathode and biosourced derived hard carbons at the anode) and solid-
like crosslinked polymer-based electrolyte materials with specific plasticisers (e.g. RTILs) and additives, and their 
assembly and electrochemical testing in lab-scale cells, validated upon prolonged cycling at ambient temperature. The 
various materials and combinations and assembly in lab-scale cells demonstrate remarkable ambient temperature 
cycling behaviour (stable specific capacity at different C-rates for quasi-solid state Na-metal and Na-ion polymer cells, 
upon long term cycling [3-5]. 

As a result, with the appropriate choice and optimization of electrode/electrolyte materials (and successful 
combination thereof), the intriguing characteristics of the new systems postulate the possibility of their effective 
implementation in durable, high energy density NiBs conceived for green-grid storage and operating at ambient 
temperatures in solid-state configuration. 
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A LiFe0.6Mn0.4PO4 (LFMP) cathode exploiting the olivine structure is synthesized and characterized in terms of 
structure, morphology, and electrochemical features in a lithium cell. The material shows reversibility of the 
electrochemical process which evolves at 3.5 and 4 V versus Li+/Li due to the Fe+2 /Fe+3 and Mn+2 /Mn+3 redox couples, 
respectively, as determined by cyclic voltammetry. The LFMP has a well-defined olivine structure revealed by X-ray 
diffraction, a morphology consisting of submicron particles aggregated into micrometric clusters as indicated by 
scanning and transmission electron microscopy, with a carbon weight ratio of about 4% as suggested by 
thermogravimetry. The electrode is used in lithium cells subjected to galvanostatic cycling with a conventional liquid 
electrolyte, and demonstrates a maximum capacity of 130 mAh g−1 , satisfactory rate capability, excellent efficiency, and 
a stable trend. Therefore, the material is studied in a lithium metal polymer cell exploiting an electrolyte based on 
polyethylene glycol dimethyl ether (PEGDME) with a solid configuration (Figure 1). The cell reveals very promising 
features in terms of capacity, efficiency, and retention, and suggests the LFMP material as a suitable electrode for 
polymer batteries characterized by increased energy density and remarkable safety [1]. 

 

 
Figure 1: Cycling performance of the Li/PEGDME_CPE/LFMP cell in terms of cycling trend, with voltage profile and schematic 

representation of the cell (inset). 
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Hydrogen is receiving a renewed and considerable attention in Europe and around the world as promising solution to 
decarbonize industrial processes because, when used as energy carrier, no air pollutant, especially CO2, is emitted. In 
this context, proton exchange membrane (PEM) fuel cells are considered a key energy technology which can directly 
convert the chemical energy of hydrogen combustion into electrical energy, producing clean electricity with high power 
density and high efficiency. However, these devices present two major drawbacks, that are high cost and low durability 
that must be solved for a large-scale application and commercialization [1].  
One main challenge to meet activity, durability and cost requirements, concerns the development of highly stable 
electrodes capable to catalyze efficiently the oxygen reduction reaction (ORR), which represents the main rate-
determining step occurring in these devices. In particular, the reduction of noble metal loading while keeping high 
electroactivity, the mitigation of catalyst and support degradation to enhance the durability of the devices and the 
improvement in water management to enhance their performance are necessary [2]. 
In this work, we propose non-stoichiometric oxides to be used as co-catalysts for the ORR to reduce the Pt loading and 
improve its electrocatalytic activity. In particular, a sub-stoichiometric calcium titanate perovskite, (CaTiO3-δ) and cerium 
oxide (CeO2) are here presented as Pt/C promoters.  
Fundamental physical chemical characterizations by means of X-ray diffraction, infrared spectroscopy, morphological 
and thermal analysis, for the understanding of functional features of the proposed materials, will be presented.  
Composite catalysts based on Pt/C, containing different amount of the oxide additives, were prepared and their activity 
was studied by either rotating disk electrode (RDE) and fuel cell tests, performed at high temperatures (80°C and 110°C) 
and low relative humidity (30%). The composite catalysts were compared to a bare Pt/C used as reference. Interestingly, 
both cells adopting the composite catalytic materials show the best electrochemical performances, as a result of 
enhanced ORR kinetic mainly due to an improvement of the Pt-metal oxide interface [3]. Indeed, oxygen vacancies in 
the lattice of these oxides lead to a new oxygen ion conducting pathway in the electrode, promoting the oxygen 
reduction reaction.  
This approach could address a new strategy to develop materials functionality. 
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Currently, rechargeable batteries with the lithium–sulfur (Li–S) chemistry has attracted great interest as one of the most 
promising candidates for next generation electrochemical energy storage systems. Research into these high energy 
density devices is critical to the development of thinner, lighter, and lower cost battery systems. One of the biggest 
obstacles for practical applications of Li-S batteries is caused by the soluble nature of the highly ordered lithium 
polysulfides (Li2Sn) in the organic electrolytes and induce a so-called “shuttle effect”. A solid-state electrolyte (SPEs) 
could be a valid alternative in terms of reducing the polysulfides dissolution and shuttle, as well as to protect the lithium 
metal anode and to minimize dendrite formation, which is beneficial for improving the safety and cycle life of Li−S 
batteries. SPEs are typically dual-ion conductor systems both cations and anions are mobile and cause a concentration 
polarization leading to poor performances of batteries. Recently, single lithium-ion conducting solid polymer 
electrolytes (SLIC-SPEs) have been proposed for polymer electrolytes, where anions are covalently bonded to the 
polymer, inorganic backbone, or immobilized by anion acceptors and only the Li+ cation will contribute to a permanent 
flow of charge. They have advantages over conventional dual-ion conducting SPEs such as unity transference number, 
absence of harmful effect of anion polarization, extremely low rate of Li dendrite growth and immobilization of the 
lithium polysulfides in the lithium-sulfur (Li-S) batteries. Polymer electrolytes based on ionomers (e.g., Nafion) with 
easily ionizable groups (e.g., sulfonic groups covalently bonded to the polymer side-chains, −CF2SO3

−) are promising 
thanks to the high concentration of weakly coordinating anions (counterions). In this work, lithiated Nafion and Nafion-
nanocomposites membranes based on Nanoscale Ionic Materials (NIMs) were synthesized, and their ionic conductivity 
and lithium transference number were investigated in common nonaqueous organic solvents (EC/PC and Glymes). [1-
2] 
A thorough and systematic study of the lithium-ion transport was conducted by p 1H and 7Li pulsed field gradient (PFG) 
NMR spectroscopy and electrochemical impedance spectroscopy (EIS), while the mechanical properties of the film 
electrolytes have been tested by dynamic mechanical analysis (DMA) in a wide temperature range. The electrochemical 
studies have been conducted both in Li/Li symmetric cell and in secondary Li-S cells. The preliminary results are very 
interesting, showing ionic conductivities of the order of 5 × 10-4 S/ cm at 25°C satisfactory properties in terms of stability 
window and stability of the lithium stripping. The lithium transport number is very close to unity thus confirming the 
complete immobilization of the negative charge carriers. 
  
This work is supported by the M-ERA.NET and POR-Calabria FERS-FSE 2014-2020 through the INNENERMAT project. 
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In view of the exploitation of nuclear fusion as a sustainable energy source, the late efforts of the scientific community 
are aimed at increasing the magnetic field strength of magnets and the operating temperature of a tokamak device. In 
this view, great expectations rely on iron-based superconductors (IBSCs). The high magnetic critical fields and critical 
current densities (Jc), coupled to small anisotropy and large critical grain boundary angle for Jc, make the IBSCs ideal for 
the fabrication of coated-conductors (CCs) with a simplified architecture. Moreover, in view of large-scale applications, 
the integration of low-cost, chemical methodologies in the preparation process of IBSC-based coated conductors could 
be a game changer. In this work, we explore the possibility of employing electrochemistry in the production of 
superconducting FeSe films [1], starting from the study of the precursor solution to the detailed characterization of the 
deposits. For this purpose, a variety of techniques will be used, from cyclic voltammetry of the solution, to X-ray 
diffraction, scanning electron microscopy and DC measurements for the deposits. 
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Ionic liquids (ILs) are a class of materials often proposed as an additive to organic electrolytes in order to improve 
the safety of energy storage devices thanks to their high electrochemical and thermal stability, good ionic conductivity, 
and non-flammability. One of the main issues of the use of ILs at industrial level is the need of organic solvents with a 
negative environmental impact (like acetone, dichloromethane and acetonitrile) during their synthesis [1]. The scope of 
this project is to reduce the use of these organic solvents, by partially or fully replacing them with water, during the 
synthesis. Focus has been placed on novel ILs functionalized with bis(oxalato)borate (BOB) and difluoro(oxalato)borate 
(DFOB) anions because these anions are already known to form a stable solid electrolyte interphase (SEI) on both anode 
and cathode, in order to lead to the development of high-voltage lithium batteries with improved capacity retention 
[2]. 

N-ethoxyethyl-N-methylpiperidinium bromide (PIP1,2O2Br) has been synthesized using exclusively water as the 
solvent, reaching a yield above 90% by stirring at 90 °C for 24h. The obtained salt has been subsequentially purified 
by stirring it overnight with activated carbon in water and then filtrated. The purified salt was white solid, and its 
structure has been confirmed by 1H-NMR spectroscopy.  

Anion exchange reaction has been performed by mixing PIP1,2O2Br with lithium salts (LiBOB or LiDFOB) in water to 
obtain N-ethoxyethyl-N-methylpiperidinium bis(oxalato)borate (PIP1,2O2BOB) and N-ethoxyethyl-N-methylpiperidinium 
bis(oxalato)borate (PIP1,2O2DFOB). The two ILs have been extracted using dichloromethane and then characterized by 
spectroscopic techniques (IR and Raman). Differential scanning calorimetry (DSC) and thermal gravimetric analysis (TGA) 
have been carried out (Figure 1), confirming no phase transition in a wide range of temperature and no decomposition 
below 280 °C, respectively. Additionally cyclic voltammetries (CVs) were recorded to analyze their electrochemical 
stability window (ESW). 

 

 
Figure 1: DSC and TGA curves of PIP1,2O2BOB (in black) and PIP1,2O2DFOB (in red) 
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The development of performing and cost-effective electrodes for intermediate temperature solid oxide fuel cells (IT-
SOFCs) is an open issue. The ABO3 perovskite oxides seem to satisfy all requirements for operation in the intermediate 
temperature (IT) range (500-750°C), such as: structural stability, electrical conductivity, and electrocatalytic activity [1]. 
The use of lanthanum strontium ferrites for cathodic applications has been widely investigated because of the large 
mixed ionic and electronic conductivity (MIEC) and high oxygen reduction reaction (ORR) activity [2]. Among LSF-based 
perovskites, La0.6Sr0.4Fe0.8Co0.2O3-� (LSFCo) shows the best performance for ORR [3]. However, the economic and ethical 
problems related to the extraction of cobalt and the consequent increasing price, make the study of other B-site dopants 
extremely important. For this purpose, small amounts of noble metals B-site doping has been found to be effective over 
ORR catalytic activity in the IT range keeping the overall cost of compounds comparable to the widely used 20wt% Co-
doped LSF [4][5][6].  
In this work, 0.5, 1, and 5 mol% Pt-doped LSF were investigated. The powders were synthesized by solution combustion 
synthesis (SCS) and characterized by X-ray diffraction analysis (XRD), showing a single-phase structure and a progressive 
shift of peaks to lower angles due to the substitution of larger Pt ions for Fe into the structure. The effect of Pt doping 
was also evaluated by thermogravimetric analysis (TGA) and X-ray photoelectron spectroscopy (XPS) measurements, 
highlighting an increase of oxygen vacancies density in the structure with respect to the LSF parent perovskite. The 
electrical conductivity was tested by the 4-probes method and electrochemical impedance spectroscopy (EIS) was used 
to investigate the ORR performance in oxidizing conditions. A deeper study of the ORR mechanism was performed by 
the distribution of relaxation time (DRT) analysis of impedance data to highlight the relevant improvement of the charge 
transfer process by Pt-doping, approaching the LSFCo performance in the IT range. Preliminary fuel cell tests on 
LSFPt/LSGM/LSFPt symmetrical cells show promising results in terms of power output and polarization resistance at 
650°C by using hydrogen as fuel. Thus, the choice of Pt-doping seems to be an efficient, cost-effective, and “green” 
alternative for the fabrication of a performing cathode for IT-SOFC.  
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In next-generation electronics, electrified transportation and energy storage, metal-air batteries represent one class of 
promising power sources thanks to their remarkably high theoretical energy and light weight [1]. The main feature of 
metal-air batteries is the combination of a metal anode with high energy density and an air electrode with open 
structure that facilitates the drawing of cathode active materials (i.e. oxygen) from air [1]. In these types of devices, Gas 
Diffusion Electrodes (GDEs) are widely used as cathodes [2]. However, one of the main drawbacks related to the cathodic 
reaction (ORR) is the overpotential loss (about 0.3-0.4 V) under operative conditions. Thus, lots of efforts were spent to 
inhibit the voltage loss requiring an effective ORR catalyst [1,3]. One of the most promising materials, in terms of both 
performances and costs, seems to be MnOx. According to the recent literature, MnO2 would ensure capacities 
comparable to those of platinum, letting higher capacity retention to be reached in non-aqueous electrolytes to prevent 
Li decomposition [1]. 
In the present work, the electrochemical performances of either bare or Fe/Co-doped MnO2 nano-electrocatalysts are 
evaluated by Linear Sweep Voltammetries (LSVs). The crystal structure and the surface properties are examined by 
means of XRPD, BET-BJH, TEM, SEM/EDX and XPS analyses. Correlations between their physico-chemical features and 
the final electrocatalytic performances are drawn. Experimental results reveal that the as-synthesized powders have 
excellent electrochemical properties in organic electrolytes (0.15 M LiNO3 in propylene carbonate, PC) showing a shift 
of the onset potential of about 150 mV with 2% Co-doped MnO2, thus resulting very promising candidates to be used in 
lithium-air batteries [4]. 
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Lithium-oxygen batteries are targeted as promising energy storage systems for large scale applications like vehicles and 
grids, thanks to their large theoretical energy density (3500 Wh/kg) which is an order of magnitude higher than current 
lithium ion batteries [1]. Many drawbacks hinder full development of these systems, including high overpotentials and 
low coulombic efficiencies. Moreover, parasitic reactions, primarily those involving singlet oxygen evolution, are 
significantly detrimental and imply irreversible damages of cell components. Lithium halogenides LiI and LiBr are 
promising redox mediators able to reduce charge overpotential and enhance reversibility [2,3]. Nevertheless, the impact 
of mediators on the electrolyte degradation and in general on parasitic chemistries is largely unknown. We carried out 
computational calculations that support feasible pathways to singlet oxygen evolution during the oxidation of lithium 
peroxide mediated by iodine. These theoretical models have been coupled by the experimental study of LiI and LiBr in 
Li-O2 batteries, as co-salts in LiTFSI 1M/TEGDME and LiTFSI 1M/DMSO electrolytes. Charge voltage profiles suggest that 
degradation reactions occur in both solvents with LiI, and their onset potential depends on solvent properties and salt 
concentration. Analogue degradation profiles are observed when LiBr is used in DMSO, while no evidence of side 
reactivity has been observed using LiBr in the TEGDME-based electrolyte. 
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Large-scale energy storage systems are becoming fundamental for the modern society, in order to take major advantage 
from renewable energy sources, such as wind and solar light. In this respect, secondary sodium-based batteries may 
represent the key technology since they possess high-energy density, low-cost, simple design and easiness in 
maintenance. Nevertheless, current materials and processes are not in line with a truly sustainable point of view[1]. 

In this work, different families of cathode and anode materials were tested separately in combination with ionic 
liquid-based electrolytes in lab-scale Na-metal cells. An overview of the different materials will be given, mainly focusing 
on two types of High Entropy Oxide (HEO) electrodes as cathodes, and carbonaceous materials derived from disposal 
face masks pyrolysis as anodes. Cells were characterized from an electrochemical point of view by means of 
electrochemical impedance spectroscopy, cyclic voltammetry and galvanostatic charge/discharge cycling. As structural 
characterization, amongst others, X-ray diffraction analyses pre-cycling and post-mortem were conducted on the 
electrodes. 

HEO are innovative materials, based on the concept of entropy stabilization, composed of multiple cations with a 
single-phase crystal structure[2]. Whereas, the choice of using carbonaceous materials derived from pyrolized face 
masks comes from two main factors: firstly, their massive utilization during the last years of pandemic and secondly, 
the difficulty of recycling due to the heterogeneous composition[3]. Finally, ionic liquids were taken into account as 
main electrolyte components for multiple reasons, such as safety, high electrochemical window and low cost[4]. 

Materials exhibited stable cycling at relatively high specific capacities, differently depending on the electrolytic 
formulation, which in several cases exceeded the values obtained with standard electrolytes. The values of coulombic 
efficiency were also satisfying, in some cases being stable at above 98% after prolonged cycling (> 1000 cycles for some 
lab scale cells). In wider terms, ionic liquids showed promising performances as potential electrolytes for Na-ion cells 
and the proper combination of cathode and anode could lead to the optimal design of high energy density, safe sodium-
ion secondary batteries. 

 
 
 
 
 
 
 
 
 
 
 
 
References 
[1] Hirsh, H. S. et al., Adv. Energy Mater., 2020, 10, 1–8 
[2] Sarkar A. et al., Nat. Commun., 2018, 1-9 
[3] Jung, S. et al., Chem. Eng. J., 2021, 405, 126658  
[4] Matsumoto K. et al., Energy Environ. Sci., 2019, 12, 3247–3287  
 

177 



P.31_T01 Poster  Monday, 12th September 2022 
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

____________________________________________________________________________________
GEI 2022 – 11th-15th September 2022, Orvieto, Italy 

Effect of the precursors morphologies on the electrochemical properties of 
NMC811 

A. Querio,1 M. L. Para,1 J. Amici,1 A. Barresi,1 S. Bodoardo,1 D. Marchisio1 

1 Department of Applied Science and Technology (DISAT), Institute of Chemical Engineering, Politecnico di Torino, 
Torino, Italy 

andrea.querio@polito.it 
 

Lithium-ion batteries are important in exploiting renewable sources as wind or solar energies, as they are intermittent. 
There are several cathodes materials that are appropriate for different applications, in the case of electric vehicles (EV) 
the most used cathode materials are the layered nickel-manganese-cobalt oxides (NMC), which can be made from 
calcinating Ni1-x-yMnxCoy(OH)2 with a Li source, which in turn is traditionally obtained by co-precipitation in a continuous 
stirred tank reactors (CSTR). 
We focus on studying the effect of different precursors structure of NMC811, and its influence on their electrochemical 
properties. To prepare Ni0.8Co0.1Mn0.1(OH)2 and ensure a correct reactants mixing, it was employed a micromixer, which 
enable us to collect the precipitated metal hydroxide suspension within a few seconds after its precipitation, and to age 
the material with a top stirrer for different times, at 60°C under N2 atmosphere, more experimental details can be found 
in [1]. Then, the NMC811 cathode material is obtained by calcinating the precursor with a Li source. These materials are 
tested electrochemically in coin cells (2032) and their morphology analyzed by SEM. The NMC material synthesized from 
the overnight aged precursor have smoother primary particles, exposing clearer crystalline planes (Figure 1 a, b). The 
well-ordered structure impacts the electrochemical performance; indeed the aged precursor produces NMC with higher 
specific capacity, better cyclability and lower capacity fade (Figure 1 c, d). 
The research reported in this paper was funded by European Union, Horizon 2020 Programme, SimDOME Project, Grant 
Agreement No 814492. The views and opinions expressed in this publication are the sole responsibility of the author(s) 
and do not necessarily reflect the views of the European Commission/Research Executive Agency. 
 
       a                b    c                        d 
 
 
 
 
 
 
 
 
 
 
Figure 1: Primary particles SEM images of NMC811 from no aged precursor (a, black) and overnight aged precursor (b, blue). Cycling 
at C/10, first 5 cycles, and C/5 (c), and C-Rate capability (d) for a no aged precursor (black) and overnight aged precursor (blue). 
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Calcium ferrite (brownmillerite) is considered as an anion-deficient perovskite, with ordered oxygen vacancies, 
consisting of alternating octahedral and tetrahedral layers. This type of structure allows the accommodation of various 
type of metal cations with different valences, making it a promising candidate as catalyst in the oxidation processes.[1]  

The interest in the iron-based materials for their use in batteries originates mainly on low cost and abundancy of the 
elements which they are made, non-flammability, good safety and environmental benignity. [2] In fact, in the last years 
several theoretical and experimental studies have been published on the potentiality of Ca2Fe2O5 for electrochemical 
energy storage systems.[3-5]   

For example, Torres et al. [3] proposed this material as a potential cathode for Ca-ion batteries. The oxygen vacancies 
specific of this structure seems to create a zigzag path potentially suitable for Ca motion. Furthermore, other groups 
proposed Ca2Fe2O5 as a conversion anode for Li-ion batteries. [4-5] Compared to the binary systems, i.e., Fe2O3, 
theoretical calculation proved that the Ca incorporation could plays an important role to expand the lattice distance, 
facilitating the Li-ion transfer. [6] 

Here, we propose the synthesis of the brownmillerite Ca2Fe2O5 by mechanochemical synthesis and investigate its 
electrochemical properties in Li- and Ca- batteries. Several samples have been prepared using different type of mills and 
synthetic parameters and then they have been compared in terms of structure, morphology and electrochemical 
performance. 
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The clean energy transition boasts new efficient and decarbonised energy conversion and storage solutions [1]. In this 
roadmap, hydrogen and fuel cells are considered game-changing technologies [2]. In this context, Solid Oxide Cells 
(SOCs) deserve attention for their capability of reverse operation, both as power generators (SOFC, fuel cell operation 
mode) and power-to-gas technology (SOE, electrolyser operation mode) [3]. Lifetime is a crucial indicator to grant the 
technology's success and boost the commercial stage of development. It is necessary to fully understand the impact of 
the real operation on SOCs materials. To this end, this work firstly focuses onto identifying the physico-chemical 
phenomena behind performance losses via electrochemical impedance spectroscopy (EIS) and distribution of relaxation 
times (DRT). A systematic approach has been used to isolate each physico-chemical phenomena by acquiring impedance 
spectra at different working temperature (640-820 °C), O2 % in the air electrode (5-25 %vol), as well as H2 (7-97%vol) and 
water steam (3-50%vol) in the fuel electrode. According to the experimental evidence collected, the main contributions 
to the cell impedance are identified as charge transfer (DRT peak at 104 Hz), oxygen diffusion (DRT peak at 103 Hz) and 
gas diffusion in the fuel electrode (double DRT signal in the frequency range 1-100 Hz). The results are validated with 
the ECM methodology, implementing a LRel(RctQ)GWFLW circuit shown in Figure 1.   

 

 
 

Figure 1: a) Nyquist plot with highlighted CNLS-fit line and circuital elements. b) Relative residuals after CNLS-fit. c) Arrhenius plot of 
the charge-transfer resistance at OCV and 68 mA cm-2. 
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Lead-Acid Battery (LAB) technology will retain its strong position at least until 2030 and remains very competitive, 
but ongoing investments are needed to improve production and performances [1]. LAB’s success is due to its stability, 
reliability, recyclability, and low cost of the raw materials. The principal weak points of LABs are the limited charge 
efficiency and the cyclability, due to an important degradation of electrodes during charging-discharging process. It was 
observed that the addition of a small quantity (0.5-2 wt.%) of carbons materials in the Positive Active Mass (PAM), can 
improve the performance, mechanical strength, and conductivity of LAB [2]. Different carbon nanostructured materials 
with different chemical-physical properties are analysed to develop novel and better performing PAMs.  

N2 physisorption under isothermal condition allows to evaluate surface area and pore size distribution. Raman 
analysis is useful to determine the graphitization degree, by deconvolution of the region between 1000 and 1750 cm−1 
which is linked to defect on carbon surface and discontinuity in graphitic domain that could impact the conductivity. 
Therefore, a conductivity study is also requested to provide the possible effect of the additives on current distribution 
during charge-discharge processes. This method takes advantage from the relationship between conductivity and 
conductance, using a mechanic compression system [3]. In addition, the evaluation of contact angle is also important 
to predict the dispersibility, which influences the performance under various test conditions. Lastly, a study about 
hydrogen evolution reaction (HER) was conducted to understand the effect of the carbons on fast discharge processes. 
A schematic view of the carbon’s properties is shown in Figure 1. The modified PAMs will be tested on a homemade 
prototype LAB in both flooded and AGM (Absorbed Glass Mat) configurations. It is expected that in AGM, compared 
with flooded LABs, cycling performances and charge acceptance could be further improved by adding carbonaceous 
materials. Furthermore, possible failure modes for both configurations are tested and rationalized. 

 
Figure 1: Radar graphs of different carbon’s properties. 
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Nowadays the markets of electric vehicles (EV) and energy storage devices are fast increasing pushing a constant 
increase in the demand for greener and more sustainable power sources. In particular, for EVs applications, batteries 
guaranteeing long cycle life combined with high specific energy and high power density are needed. To increase the 
specific energy, one solution is to increase the cell voltage and the capacity. For this reason, combine high voltage 
cathode, i.e. LMNO (Lithium Manganese Nickel Oxide), together with high capacity anodes, i.e silicon, can be an 
interesting solution. Unfortunately, LNMO suffers easy cation leaching during cycling, in particular at high C-rates. The 
present work shows results achieved within HYDRA H2020 project based on the synthesis of new blended materials 
combining LMNO and LFP (Lithium Iron Phosphate) in order to match their inherent positive characteristic to get better 
performing electrodes. LFP was chosen because of its outstanding thermal and electrochemical stability, as well as its 
Li-redox activity at a relatively high voltage [1][2][3]. Therefore, the presence of the LFP should increase the cycling 
stability of the LMNO, especially at higher current rates.  

In order to get a homogeneous coating of LFP particles on the LMNO surface, we used ball milling treatments 
modifying all parameters, such as frequency, time, and weight percent of LFP. The blended active materials were thus 
characterized from a morphological and structural point of view with FESEM and XRD analysis, and electrochemical 
characterization: galvanostatic cycling and cyclic voltammetry studies. The results obtained are showing that the mixing 
through ball milling does not significantly damage the structure of the two pristine materials and ensures a 
homogeneous dispersion of LFP particles which partially cover the LMNO particles. The electrochemical data confirm 
that both materials actively contribute to the capacity of the blended electrodes. 
 

Authors kindly acknowledge Hydra project (Horizon 2020 innovation programme under Grant agreement number: 
875527) for funding. 
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Sodium-ion batteries (SIBs) have been demonstrated to be a potential alternative to lithium-ion batteries (LIBs) in 
stationary energy storage applications due to the low cost and large distribution of sodium resources [1]. Regarding the 
electrode materials, the recent improvement has been obtained by the utilization of Hard Carbon at anode side, which 
can be obtained by renewable feedstock such as lignocellulosic materials coming from agricultural by-products [2]. In 
addition, the selection of a bio-based binder and aqueous electrode processing are crucial to improve the environmental 
sustainability and reduce the electrodes costs [3]. In this way, corncobs were used as a precursor for the preparation of 
hard carbon with a simple one-step thermal pyrolysis and they also were utilized as cellulose sources for the synthesis 
of the sodium salt of carboxymethyl cellulose (CMC) as binder. The carbonization allows to produce a Hard Carbon with 
a suitable interlayer spacing and pore texture for sodium storage, while a CMC with an estimated degree of substitution 
of 0.59 was successfully obtained through an etherification with chloroacetic acid. When they are combined as anode 
materials for SIBs, corncobs-derived hard carbon and carboxymethylcellulose exhibit good electrochemical 
performances delivering a specific capacity of 264 mAh g-1 at 1C with a promising capacity retention and good rate 
capability. Moreover, the electrode shows a high reaction kinetic and interfacial stability arises from the strong 
interactions between hard carbon and relatively low DS CMC. According to the cyclic voltammetry performed at 
different scan rates, the sodium storage is surface-controlled in the sloping region, while the diffusion-controlled 
intercalation starts to be the uppermost process approaching the low-voltage plateau. The Distribution of Relaxation 
Times (DRT) analysis during sodiation (Figure2) shows the presence of a new peak P4 approaching the low-voltage 
plateau, which can be related to a charge-transfer process with slower kinetics. The DRT performed at different 
temperatures at 0.010 V (Figure3) shows that the peaks P3 and P4 are embedded at low temperatures and strongly 
influenced by the temperatures. 

 
Figure 1 Galvanostatic profiles at 300 mA/g  

Figure 2 DRT spectra during sodiation 
Figure 3 DRT at different temperatures at E = 0.010 V 
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Graphite is the standard anode material for Lithium-ion batteries. However, there are limitations of storing sodium ions 
into graphite, owing to their larger ionic size and the low thermodynamic stability of the sodium-graphite intercalation 
compounds [1]. To overcome this limitation, significant effort has been made in the research related to hard carbons as 
advanced anode materials for NIBs, as a result of their similar electrochemical properties with graphite [2]. Besides, 
binder plays a vital role in cell performance because of giving high binding strength between the film-substrate and 
providing good contact between the active materials and the conductive agent [3]. 
In this framework, we have made research of the starting materials for Na-ion battery electrodes (hard carbons (HCs) 
as active materials, cellulose and lignin derivates as green binders from forestry waste). The materials are studied by X-
ray diffraction (XRD), Raman spectroscopy, Brunauer-Emmett-Teller (BET) and scanning electron microscopy (SEM) 
methods. Galvanostatic cycling, rate capability and cyclic voltammetry of anodes, prepared using different binders, were 
tested for NIBs, to evaluate the impact of the binders on the performance. Electrochemical impedance spectroscopy 
(EIS) tests also were performed for all samples in order to investigate the interfacial behavior.  
Thus, producing cheap and environmentally friendly anode materials NIBs with the local forests resources with high 
cellulose and lignin content as starting material (HCs as active materials and lignin and cellulose derivates as green 
binders), results in considerable impacts on the overall sustainability of Na-ion batteries.  
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Microelectrodes in electrochemical sensing are becoming more important, since they have unique characteristics: 
their small dimensions lead to consequences to the mass transport phenomena from the bulk of solution towards 
electrode’s surface, such as the reduction of ohmic drop (IR), fast set up of steady state condition, enhanced mass 
transport at the electrode boundary raising the signal to noise ratio [1]. 

By using hybrid systems composed by metals and nano-titania (which has a photocatalytic activity), it is possible to 
create sensors with photo-renewable properties, i.e., the possibility to use the sensor more than once for the detection 
of analytes in complex matrices, remotely, without the need for cleaning and restoring them for a long time [2,5].  

In this context, we studied the performances of a mesoporous TiO2 coating on a gold microelectrode used for the 
determination of dopamine, integrating in the final device an UV LED for cleaning the surface after fouling. 
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Several studies in the literature concern the search for correlations between the forms of Fe present in the serum of 
patients suffering from forms of hepatitis and cirrhosis of the liver and the progress of the disease. Recently, the 
concentration of this element in cerebrospinal fluid (CSF) and serum seems to be an interesting biomarker for the early 
diagnosis of Alzheimer's disease[1]. 
The ambitious aim of this study is to develop an electrochemical sensor for the simultaneous determination of Fe2+ and 
Fe3+ and a procedure that allows a quick distinction between free Fe and complexed Fe. We focused our attention on 
electrodes based on glassy carbon (GCE) or carbon paste (CPE), easily modifiable materials. The CPEs will be modified 
with the same modifying agents used for the GCEs; furthermore, suitable ionic liquids and / or charge transfer crystals 
will be inserted inside the paste, in order to maximize the sensitivity of the method, reducing as much as possible the 
required sample volume. 
During the first phase, the species of interest were determined in synthetic solutions, so as to be able to optimize the 
procedure for modifying the electrodes (concentration of the modifier, contact times, etc.) and the instrumental 
parameters used during the phase of analysis (method and speed of potential scanning, presence of ligands in solution, 
supporting electrolyte, applied potentials).  
The voltametric results were compared with those obtained by spectrophotometric methods for the analytical 
determination of Fe in different oxidation states following complexation with ferrozine and deferoxamine. Furthermore, 
nanostructures able to chelate iron were designed and evaluated. 
In order to characterize the structure and morphology of the modified electrodes, scanning electron microscopy (SEM 
and FESEM) and transmission (TEM and TEM high resolution) measurements were performed, combined with EDS 
analyses. 
The availability of a sensor for the detection and quantification of the different forms of iron in biological liquids would 
allow an increase in the number of possible controls, at very low costs and in any hospital since the equipment is 
portable. Furthermore, it will be possible to fill the gaps concerning the distribution and transfer mechanisms of the 
different forms of iron within the body and their involvement in neurodegenerative diseases. 

 
Figure 1. Voltammograms obtained by ciclic voltammetry for nafion modified-glassy carbon electrode for couple Fe2+/Fe3+ at different 
concentration 
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The sunscreens are very useful since they protect the skin against radiation, which may be responsible for dangerous 
photochemical reactions to the body. Ultra-Violet Filters (UVF) are inorganic and organic chemicals used to attenuate 
the negative effects of sunlight exposure on human skin and are currently considered as contaminants of emerging 
concern (CEC). In order to develop the sun protection factor (SPF) values, different UVF are used, in particular organic 
substances including chemical groups that can filter UVA and UVB radiation are used as active ingredients of sunscreen 
formulations, e.g. octocrylene (OCR) and 2-hydroxy-4-methoxybenzophenone (BENZO-3) [1]. 
Reliable analytical methods able to quantify authorized sun-blocking agents in sunscreen formulations in a simple, fast 
and inexpensive way are strongly required.  
The present work aims at evaluating the applicability of voltammetry to monitor the composition and the quality of 
sunscreens. The samples under study were purchased in pharmacies and supermarkets in the province of Turin. Carbon 
paste electrode (CPE) obtained mixing graphite powder and an aliquot of sunscreen were used to test the resistance of 
creams to exposure to sunlight using a solar box. The redox anodic and cathodic profiles of each CPEs modified with an 
investigated sunscreen were recorded just opened and after several hours of exposure. A variation of the redox profile 
registered at different time was observed, in particular a significative decreasing of the signals was detected during the 
time, in particular for some products. The possibility to apply the voltammetry to check the presence of some sunscreen 
agent in seawater was also tested. Glassy carbon electrode (GCE) was used to check the presence of some sunscreen 
agent in seawater. Different aliquots of seawater were spiked with different amount of UVF, then standard additions 
were added (Figure 1). 
 

 
  

Figure 1. Standard additions of octocrylene in a seawater sample 
 
The results acquired demonstrated the excellent potential of voltammetry for its application for their monitoring in 
seawaters and for the quality control of sunscreens. 
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Atomically precise gold monolayer-protected clusters (Au NCs) exhibit features that make them interesting 
molecules to assemble performing devices. Instrumental is that their physicochemical properties can be controlled 
precisely, as opposed to the larger gold nanoparticles [1-4]. We recently described the first systematic study on the 
electron transfer (ET) mechanism in films of Au NCs, in which we showed that the length and hindrance of the ligands 
protecting the cluster core have a large effect on the ET rate, and therefore, the conductivity of the film [5]. This 
prompted us to use Au NCs to make chemoresistive sensors of volatile organic compounds (VOCs). This type of devices 
can find important applications, such as in the early-stage diagnosis of diseases through VOC detection in exhaled breath 
[6]. 

We tested films made of Au25 clusters protected by linear alkanethiols (SCnH2n+1) (where n = 4, 5, 6, 7, and 8) 
and monitored the change of the film conductivity when exposed to a series of VOC vapors. When the VOC is absorbed 
inside the film, that is, inside the NC organic monolayers, the average distance between cores changes thereby affecting 
the intercore electron hopping rate. These modifications may induce either a decrease or increase in the ET rate. We 
tested vapors of benzene, toluene, ethylbenzene and propylbenzene, and found an evident nonlinear change in the film 
conductivity as a function of the length of the ligand chains. This effect depends on specific VOC. This work is the first 
study of the chemosensing behavior of film of atomically precise gold nanoclusters. 

 
 

 
Figure 1: Cartoon illustrating the procedure used for making the film of Au NCs. B) Top view of the system showing the principle by 

which the chemoresistive sensor works. 
 
 
 
 
 
 
 
 
 
 
References 
[1] Y. Du, H. Sheng, D. Astruc, M. Zhu,   Chem. Rev.  2020, 120, 526. 
[2] B. Kumar, T. Kawawaki, N. Shimizu, Y. Imai, D. Suzuki, S. Hossain, L.V. Nair, Y. Negishi,   Nanoscale  2020, 12, 9969. 
[3] S. Bonacchi, S. Antonello, T. Dainese, F. Maran,   Chem. Eur. J.  2021, 27, 30. 
[4] F.J. Ibaňez, F.P.Zamborini   Small,  2012, 8, 174. 
[5] M. Reato, T. Dainese, S. Antonello, F. Maran,   Chem. Mater.  2021, 33, 4177. 
[6] R.A. Potyrailo,   Chem. Soc. Rev.  2017, 46, 5311. 
 

188 



P.42_T02 Poster  Tuesday, 13th September 2022 
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

____________________________________________________________________________________
GEI 2022 – 11th-15th September 2022, Orvieto, Italy 

POM@PMO PLASTIC ELECTRODE FOR PHOSPHATE ELECTROCHEMICAL DETECTION: 
A FURTHER IMPROVEMENT OF THE DETECTION LIMIT. 

Sondes Ben-Aissa¹,², Rossella De Marco³, Margherita Vit¹, Sabina Susmel¹*  

1. BioAnalytical Chemistry lab-Section of Aquaculture and Wild Life management;  
2. Chemistry Department, Imperial College London, UK 

3. Organic Chemistry Section; University of Udine, Department of agri-food, environment and animal sciences (Di4A)  
*Sabina.Susmel@uniud.it 

 
Rigorous control of inorganic phosphate anion (PO4 

3-) in the marine environment remains a crucial analysis, as this 
nutrient’s levels indicate the health state of aqueous ecosystems. Therefore, rapid, cost-effective, portable, and highly 
sensitive approaches are still necessary.  
In this investigation, a plastic electrode (PE) enriched with POM@PMO was prepared to achieve sensitive 
electrochemical detection of phosphate. We previously optimized the first generation of this sensor by embedding an 
organic PolyOxoMolybdate (VI) salt (POM), the tetrabutylammonium octamolybdate TBA4Mo8O26, into the electrode 
formulation to obtain a homogeneous and stable reactive surface [1]. This sensor, denoted as POM-PE, has shown good 
analytical metrics for phosphate analysis in marine samples achieving a detection limit (DL) of 5nM.  
Aiming to improve further the detection performances, we examined the use of Periodic Mesoporous Organosilica 
(PMO) as POM nanocarriers, thus developing a new generation of phosphate sensors called POM@PMO-PE. [2]. 
Interestingly, the large inner surface area and uniform porosity of PMO structures have led to their extensive use in 
host-guest applications, making them effective nanocarriers to load octamolybdate moieties more effectively at the PE 
surface. The POM@PMO-PE was prepared using a straightforward one-pot formulation described here in scheme 1. 
EDX characterization and previous studies [3] support the hypothesis of POM loading inside PMO mesopores. The SWV 
signal increase after 5 min incubation in H2PO4

- standard solutions. The obtained linear detection range has shown a 5-
folds improved DL compared to the previous sensor generation, emphasizing the effect of PMO in enhancing the sensor 
sensitivity. Subsequently, POM@PMO-PE sensors were tested in both seawater and treated wastewater samples, with 
minor pre-treatment. Recovery tests performed using our developed amperometric sensor revealed satisfactory 
phosphate recoveries ranging between 86% and 114% vs the results offered by the conventional nutrients analyzer as 
a standard method.  
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Emerging photovoltaic (PV) devices have evolved rapidly in the past decades, and they are claiming their role as valuable 
alternatives to silicon-based solar cells, especially for building integrated and indoor applications. Among them, Dye-
Sensitized Solar Cells (DSSCs) gained a leading role when diffuse and low-intensity light sources are used, approaching 
the Shockley-Quessier limit. Additionally, they are generally recognized as a sustainable technology[1]. To further stress 
the claim for true sustainability and to improve the long-term stability of these device, the research recently focused on 
water-based electrolytes (in liquid mixture or jellified form) leading to the development of aqueous DSSCs. 
Unfortunately, the improved sustainability is associated to lower PV performances compared to conventional devices. 
To improve light conversion efficiency, specifically designed materials should be developed, properly optimized and 
tested. 
Throughout this contribution, we summarize our recent efforts in the fabrication and implementation of innovative 
photoanodes [2], electrolytes [3,4] and sensitizers with a dedicated attention to the interplay between these 
components. Noteworthy, Electrochemical Impedance Spectroscopy (EIS) analyses allow us to highlight an unexpected 
behavior resulting in an additional resistance at the photoanode/electrolyte interface that could justify the lower 
performances of aqueous devices.  
Overall, we here discuss how to approach some of the most challenging topics in the current scenario of renewable 
energy generation by water-based photovoltaics, with interesting insight on how this technology will allow the 
fabrication of sustainable solar cells for building-integrated photovoltaics, indoor applications and portable electronics.  
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Dye-sensitized Solar Cells (DSCs) are photoelectrochemical devices that convert solar into electrical energy thanks 
to the injection of charge carriers in a nanostructured semiconductor that is sensitized by an organic chromophore. 
Depending on the nature of the majority carriers (m.c.) of the semiconductor, we can distinguish n-type DSCs (electrons 
as m.c. of the photoanode) and p-type DSCs (holes as m.c. of the photocatyhode). In general, p-type DSCs are less 
performing than the n counterparts  and  require further optimization of the photoelectrochemical behaviour of its 
components. Here we present a computational study of P1 chromophore [1] for p-type cells. P1 structure can be 
considered of push-pull type with an aromatic conjugated skeleton that separates an electron-donor moiety from an 
electron withdrawing region. By means of a QM/MM computational approach, the Perturbed Matrix Method (PMM) 
[2][3], it has been possible to reproduce the redox potentials and the UV-vis spectrum of the dye, providing a proper 
description of both the redox and electronic properties of the molecule, as reported in Tables  1 and 2. 

 
(V) Experimental Potential [1] Calculated Potential 

V(red) -0.77 -0.75 
V(ox) 1.37 1.22 

Table 1: Redox potentials for P1 dye. For the calculated values an error of ±0.1 V was estimated. 

 
 
 
 
 
 

Table 2: Experimental and calculated spectral parameters. 
 

The simulated UV-vis absorption spectrum was calculated and compared with the experimental one.  A good 
agreement between our data and the corresponding experimental measurements, for both the absorption maximum 
wavelength and intensity, was achieved (Figures 1 and 2). 

  
 
 
 
 
 
 
 

 
Figure 1: (left) Simulated spectrum with the contribution of the first four excited states; (right) comparison between normalized 

theoretical and experimental spectra. 
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 Experimental Calculated (PMM) 

𝝀𝒎𝒂𝒙 (𝒏𝒎) 472 479 

𝜺𝒎𝒂𝒙	 (𝑴+𝟏𝒄𝒎+𝟏) 58569 54544 
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Electrochemiluminescence (ECL), consisting of a luminophore generating light as the result of an electrochemical 
reaction, is a largely exploited technique for bioanalytical applications [1]. The first molecules explored as ECL emitters 
were organic molecules, which gradually left the way to currently more exploited inorganic complexes [2]. Indeed, 
electrochemiluminescence-based biosensors are widely employed to quantify biomarkers, such as nucleic acids, 
proteins, antibodies, small molecules, or even bacteria [1,3]. 
One of the most common types of ECL biosensors implies the construction of antibody sandwich assays, through which 
analytes are captured and revealed [3]. Replacement of single molecules of emitters by dye-doped nanoparticulated 
systems for the labeling of detection antibodies would enable to improve luminophores’ solubility and stability in 
aqueous media, ameliorate the efficiency of ECL signal generation, and increase biosensors’ sensitivity. Here we show 
how silica nanoparticles covalently doped with ruthenium derivatives (DDSNPs) increase the ECL signal 8.5 times 
compared to the Ru(bpy)3

2+ complex [4]. However, many parameters, not only the doping degree, are affecting the final 
ECL intensity and the latter cannot only be improved by a mere increase in the amount of encapsulated dye [5]. Aiming 
at the individuation of DDSNPs’ optimal characteristics for the implementation of a more effective ECL-biosensor, we 
recently focused on the analysis of the variation of ECL signal according to nanoparticles’ size and the evaluation of the 
efficiency of ECL generation by a model sandwich assay built using nanoparticle-labeled capture antibodies. 
 

 

Figure 1 - Testing of the effect of different DDSNPs sizes on ECL intensity (left) and evaluation of a biosensor prototype (right) using 
magnetic microbeads (gray spheres) coated with streptavidin (left) or capturing antibody (right). Magnetic microbeads are attracted 
to the electrode surface through a magnet in order to perform the ECL microscopy measurements. 
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Photochemical reactions are becoming one of the most powerful methods to prepare small molecules and functional 
materials exploiting mild reaction conditions and renewable energy sources. In particular, photochemical atom transfer 
radical polymerization (photoATRP) is used to prepare polymers with precise architectures for advanced technological 
applications. PhotoATRP is based on a dynamic equilibrium between Cu complexes in their Cu(I) and Cu(II) oxidation 
states. 
The precise control of a photochemical process such as photoATRP entails the continuous online monitoring of the 
chemical species present in the system (e.g. determination of concentration of monomer, and determination of the 
concentration and oxidation states of Cu catalysts). Typically, UV, visible light, or near IR probes are used to monitor 
reaction processes and optimize reaction conditions. These probes, however, cannot be used in a photochemical reactor 
because of extensive light pollution.  
In this contribution, we will disclose an electrochemical online monitoring system for photochemical reactions, based 
on the continuous recording of the voltammetric response of Cu metal catalysts in a photoATRP reactor. For maximum 
versatility, the online monitoring can be performed on disposable screen-printed electrodes. The electrochemical online 
monitoring system enables to: i) estimate monomer conversion; ii) optimize reaction conditions in real time (e.g. light 
intensity and Cu(I)/Cu(II) ratio); iii) determine thermodynamic parameters under polymerization conditions. 
  
 

 
Figure 1: Example of voltammetric response of Cu catalysts under polymerization conditions. 
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The photosensitizier (dye), which is adsorbed onto a semiconducting material, such as TiO2, is the key component of a 
dye sensitized solar cell (DSSC). The power conversion efficiency (PCE) of a DSSC is mainly governed by the 
photosensitizier [1]. Co-sensitization has been shown to enhance the performance of a DSSC by overcoming the 
limitation imposed by the narrow spectral range of individual sensitiziers [2]. In this work, co-sensitization has been 
used to improve the efficiency of DSSCs. The semiconductor anode (Solaronix TiO2) (previously treated with TiCL4), has 
been sensitized by using solutions with different concentrations of RK1 and MK2 rare metal-free organic dyes. Two 
solutions of the individual dyes and two solutions of the mixture of the dyes in dichloromethane have been prepared at 
the following concentrations: (i) 0.5 mM RK1, (ii) 0.5 mM MK2, (iii) 0.1 mM RK1 and 0.4 MK2 and (iv) 0.3 mM RK1 and 
0.2 mM MK2. The photonaodes have been prepared by soaking the FTO conductive substrates deposited with a TiO2 

layer for 24 h into dye solutions. The studied dyes have been characterized by UV-visible spectroscopy and 
electrochemical cyclic voltammetry (in order to state the HOMO and LUMO energy levels). The final DSSCs have been 
studied by electrochemical impedance spectroscopy and the merit figures obtained through recording current density 
(J)-voltage (V) curves under AM 1.5 G white illumination. Figure 1 shows the obtained J-V curves for the different assayed 
DSSCs. The inset depicts the PCE as a function of the RK1 concentration fraction (XRK1) in the sensitizer solution, showing 
an enhancement in the PCE through this dye co-sensitization, with a maximum of PCE=5.86% for a XRK1=0.6.  

 

 
Figure 1.  Current density-voltage 
characteristics of the different assayed DSSCs, 
measured in the iodide/triiodide (I−/I3−) liquid 
electrolyte, under an AM 1.5 G white 
illumination. Inset: PCE as a function of the 
RK1 concentration fraction (XRK1) in the 
sensitizer solution.  
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Electrochemiluminescence (ECL) is a leading technique in bioanalysis [1]. Since the excited species are produced 
with an electrochemical stimulus rather than with a light excitation source, ECL displays improved signal-to-noise ratio 
compared to photoluminescence, with minimized effects due to light scattering and luminescence background. The 
most challenging breakthrough in the development of analytical electrochemiluminescence (ECL) applications was 
reported from Bard and co workers that presented for the first time the generation of ECL with a coreactant [1]. This 
finding opened the application of ECL to large literature and transformed ECL from an academic curiosity to a real 
application and industrial success. In this context, the only real used materials for the ECL analytical and commercial 
application are tripropylamine (TPrA) as sacrificial ”oxidative-reductant” coreactant and Ruthenium(II)-tris(2,2’-
bipyridine) ([Ru(bpy)3]2+) as emitting species. In this case the mechanism for the ECL generation was proposed by Bard 
and still nowadays the only one accepted [2][3]. 

Here we show an additional, and very efficient, mechanism 
pathway for the generation of ECL by using TPrA as coreactant. 
Thanks to our molecular approach and the combination between ECL 
and microscopy we experimentally prove the alternative mechanism 
with the standard [Ru(bpy)3]2+/TPrA system [3][4]. These mechanistic 
findings allow us to propose alternative amines as coreactant 
enhancing the ECL signal of more than one order of magnitude. Our 
mechanism and the signal-enhancing effect were applied also to 
commercially available immunoassay analyzer demonstrating the 
impact of electrochemical molecular approach on electroanalytical 
instrumentation. The reported results, besides contributing to a 
better understanding of the mechanisms operating in the 
chemiluminescence generation, also pave the way for the development of very highly efficient ECL coreactants for 
ultrasensitive bioanalysis [5][6] and also for the control of the ECL emitting layer [7]. 
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Electrochemistry is a powerful tool to study organic reactivity for the characterization of molecular properties as well 
as electrochemically driven synthesis. The latter case involves the formation or dissociation of chemical bonds, in 
general through the production of radical species yielded upon electrochemical oxidation or reduction [1]. Within this 
field, the electroreductive cleavage of the carbon-halogen bond, in halogenated organic compounds, is a widely studied 
topic. Since it is a fundamental reaction common to a wide variety of synthetic applications in organic electrochemistry 
[2]. The electroreduction of organic halides has been a key topic in organic electrochemistry studies, which coupled the 
voltametric investigation to the synthetic potentialities of controlled potential electrolyses [3]. Moreover, the possibility 
of removing the halogen group from organic substrates has been considered for environmental applications 
(electrochemical incineration) [4]. Several organic halocompounds are known to have an environmental impact due to 
their use as herbicides, or cleaning agents [5]. This work studies the electroreduction mechanism of 1-Br-2-naphtol, 1-
I-2-naphtol and 1-Br-2-methylnaphalene. The electroreduction mechanism is characterized by means of an integrated 
electrochemical and theoretical approach.  In particular, the bond dissociation of the relevant radical anion is 
disassembled at a molecular level exploiting quantum mechanical calculations. Steady state, equilibrium, and 
dissociation dynamics, via molecular dynamics (MD) DRC calculations are performed, to achieve a detailed picture of 
the dissociation process at an elementary molecular detail. The experimental characterization is based on cyclic 
voltammetry measurements. A consistent picture is obtained by the comparison between experimental and theoretical 
results, indicating that the carbon-halogen bond dissociates following the first electron uptake, with a stepwise 
mechanism.  
 
The present study was supported by the MUR-Italy (“Progetto Di-partimenti di Eccellenza 2018–2022” allocated to the 
Department of Chemistry “Ugo Schiff” of the University of Firenze, Italy). 
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Two sets of molecules with single, double and triple connectors in parallel in the central part of the molecular structure 
have been studied by Scanning Tunneling Microscopy Break Junction method (STMBJ) and density functional theory 
combined with the non-equilibrium Green’s function formalism in order to understand charge transport properties and 
provide most probable metal-molecule-metal junction geometries. Each set contains different number of carbon atoms 
in the conducting bridge. The first set contains -CH2- and the second set -CH2-CH2- unit(s) in the bridge connected to a 
common carbon on both sides of the bridge as shown in Figure 1, see panel A and B. 
 

 
 
Figure 1: Left: schematic representation of STMBJ measurement at constant bias voltage of 130 mV. Right: Chemical structure of 
molecules with parallel -CH2- (A) and -CH2-CH2- (B) central bridges. Triangles represent increasing (A) and decreasing (B) 
conductance with increasing number of central bridges. 

 
Multiple conductance pathways in the conventional electrical circuit obey Kirchhoff’s law, i.e. the current at the 

output of parallel branches is the sum of the currents through individual branches. In the case of nanoscale objects the 
conductance depends on molecular structure and quantum interference (QI) may be observed, where the current has 
either higher (constructive) or lower value (destructive) compared to that expected by Kirchhoff’s law [1‒4]. In this work 
we have observed that single molecule conductance of molecules with increasing number of parallel -CH2- branches 
increases, whereas the single molecule conductance of molecules with increasing number of parallel -CH2-CH2- branches 
decreases.  

Quantum chemical calculations were able to reproduce the experimental results and provided an understanding of 
the essential features of the electron transport in these systems. 
 
Financial support by the Czech Science Foundation (21-13458S) and the Czech Academy of Sciences (RVO: 61388955) is 
gratefully acknowledged. 
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Our previous communications showed examples of multi-electron transfer inducing reversible structural changes [1] 
and chiroptical redox switching [2]. Long molecules with a defined length, called “molecular rods”, are potentially 
important as molecular conductors, rotors or building blocks in supramolecular chemistry. The present communication 
investigates properties of rods having two terminal 4-ethynylpyridyl groups separated by seven different central bridges 
(Figure 1). Bridges have single, double or triple connectors in parallel: propyl (1), 1,3-cyclobutyl (2), 1,3-
bicyclo[1.1.1]pentyl, (3), 1,4-butyl (4), 1,4-cyclohexyl (5), and 1,4-bicyclo[2.2.2]octyl (6), and additional two compounds 
have triptycenyl (7) and p-phenylene (8) bridges. Different bridges introduce variable conformational flexibility of 
studied compounds and therefore a different tendency towards structural changes induced by the electron transfer. 
Redox-inactive central bridges may profoundly hinder the electronic communication between terminal redox active 
group. 

 
Figure 4: Molecular rods with different bridge structure. 

Cyclic voltammetry and DFT calculations show that the ethynyl group is the primary redox site. Redox process of 
ethynyl consumes two electrons. It is expected that all compounds will be reduced by four electrons per molecule. 
However, compounds 1 and 4 take only two electrons, yielding mixed valence states with very intensive absorption at 
600 nm and provide EPR signal.  

 

 
Figure 5: Change of absorption spectra during the first reduction step for compounds 1 to 3. 

Examples of spectroelectrochemistry during the voltage scan (Figure 2) indicates different folding structures. More 
details including voltammetry, EPR and extensive DFT calculations will be presented.  
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Atom Transfer Radical Polymerization (ATRP) is an example of Controlled Radical Polymerization (CRP) developed by 
K. Matyjaszewski and J.Wang [1] and by M. Sawamoto et al. [2]. 

The mechanism is characterized by a reversible redox equilibrium in an intermittent process between active and 
dormant species. The typical ATRP set-up is composed by a monomer, an initiator, typically an alkyl halide, and a metal 
catalyst, which is typically a Cu/N-multidentate amine complex. The catalyst must have two easily accessible oxidation 
states to control the equilibrium between the growing chains (active species) and the inactive chains (dormant species) 
via a reversible halogen transfer. In this study, the catalyst was generated in situ through a sequential addition of a 
copper salt, copper (II) trifluoromethanesulfonate, and a tetradentate amine ligand, tris(2-pyridylmethyl)amine (TPMA). 
Moreover, the initiator employed was a very active tertiary alkyl halide, ethyl-2-bromineisobutyrate (EtBriB).  

The aim of this project is the determination of the kinetic activation constant (ka,ATRP) of ATRP in different reaction 
media, in pure solvents and in mixtures with 50% (v/v) solvent/monomer. The electrochemical method used for the 
determination of ka,ATRP is based on the comparison between experimental and simulated data, with a specific software 
called Digisim 3.03. This software allows to create theoretical curves that simulate the electrocatalytic cycle, shown in 
Figure 1a, around the ATRP equilibrium. The determination of ka,ATRP and the estimation of KATRP and kd,ATRP, are obtained 
by fitting the experimental data to the theoretical curves. This simulation method [3] needs knowledge of various 
specific parameters of the process, which are collected through cyclic voltammetry and spectrophotometric titrations. 
Some of these parameters are: the standard potentials of the redox couples [CuIITPMA]2+/[CuITPMA]+ and 
[BrCuIITPMA]+/BrCuITPMA (Eo), the diffusion coefficients of the complexes and of the initiator, the standard rate 
constants of electron transfer (k0), and the halidophilicity equilibrium constants KBr

II and KBr
I, which are the binding 

constants of Br- to [CuIITPMA]2+ and [CuITPMA]+. The values of the kinetic and equilibrium constants in various reaction 
media are summarized in Figure 1b. The addition of the monomer to the pure solvent produces a decrease of ka,ATRP, 
sacrificing part of the catalyst activity; at the same time, kd,ATRP increases. This is an advantage because the increment of 
kd,ATRP means a higher control on the molecular weight distribution and dispersity (Ð) of the synthetized polymers. 

 
 
 
 
 
 
 
 
 
 

 
Figure 1: (a) electrocatalytic cycle in ATRP, and (b) correlations of ka,ATRP, kd,ATRP with KATRP. 
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Electrochemical remediation technology is considered an appealing strategy for the remediation of fine-

grained soils, characterized by a low hydraulic conductivity and large specific surface area, contaminated with inorganic, 
organic, and mixed pollutants. In both Electrokinetic (EK) and Electrochemical Geo-Oxidation (ECGO) technologies, an 
electric field is imposed on the contaminated soil to remove the pollutants by the combined mechanisms of 
electroosmosis, electromigration, and/or electrophoresis. Moreover, ECGO uses low voltage and both direct and 
alternating amperage (DC/AC) applied in a proprietary series to induce reduction-oxidation reactions on soil surfaces at 
the micro-scale. According to the literature, in this method, each soil particle acts as a micro-capacitor that charges and 
discharges in a cyclic fashion. The energy burst on discharge at the micro-scale is intense, theoretically allowing the 
conversion of most organic contaminants to carbon dioxide and water near the conducting particle surface [2-4]. 
However, the effectiveness of the technology strongly depends on the physical-chemical states of the soils and the 
contaminants, pH, sorption of contaminants on soil particle surfaces and different effects induced by the hydrogen ions 
and hydroxide ions generated at the electrodes. 
 In this work, the effect of several factors, including the intensity and mode of the applied electric field, duration 
of treatment, nature of supporting electrolytes, on the electrochemical remediation of kaolin-soil contaminated by 
phenol (200 mgPhenol/kgsoil) was investigated. It was found that a proper selection of the operative parameters is the key-
factor to improve the electrochemical remediation of the contaminated soil. High removal of phenol from the kaolin up 
to 88% was achieved after 93 hours of treatment using graphite electrodes and a gradient electric field of 0.15 V cm-1. 
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Within the electroplating sector, aluminum as a base material is one of the best alternatives to brass since differently 
from the latter, is largely available, is recyclable and is cheaper. However, aluminum and its alloys are also known for 
being difficult to be electroplated since a thin layer of oxide shelters the underlying bulk [1]. Literature provides with 
several techniques involving the making use of a wide range of chemicals both to prepare the aluminum surface prior 
to galvanization as well as to electroplate it afterwards [2]. Even though many approaches suiting different chemical 
formulations have been so far investigated [3], the impact of the aluminum surface roughness on the quality of the 
adhesion between layers have not been evaluated yet. In the present study, a double zincate step was performed onto 
a previously etched Al6082 surface [4,5]. Afterwards, a Watts Nickel bath was used to produce a thick layer and, 
eventually, copper plating was carried out with the purpose of protecting the underlying structure. By means of the 
making use of a Scanning Electron Microscope this study highlighted how a low-rough surface of the base material 
allows to obtain good adhesion when electroplating, differently from a highly rough surface. Indeed, by analyzing a 
highly-rough plated sample, the EDS spectrum shows low signal overlapping (Figure1) between Al and Ni X-ray emission, 
which means poor adhesion between layers. Moreover, by performing a tape-test after cross-cutting (UNI EN ISO 2819: 
2018) on a twin sample, data is confirmed since detachment between galvanic layers occurred. By performing the same 
test on a mechanically polished (low-roughness) aluminum sample after electroplating, emission spectra show a greater 
extension of overlapping and the tape test does not give rise to detachment between layers. 
 

 
Figure 1: X-Ray signal from the SEM-EDS in counts per seconds: low overlapping between Al Kα1 and Ni Kα1. Zn signal turned out to 

be too weak to be detected.                                    
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Organic additives are used in the commercial plating baths to in assure the quality of the metallic coatings. The 
concentration of these compounds decreases with time as results of degradation as well as dragging out. For this reason, 
they must be monitored and dosed in order to keep constant their concentration and do not alter the technical and 
aesthetic proprieties of the deposits. Nevertheless, the complex matrix of plating baths makes difficult theoretical 
predictions of the effect of a single compound and their function is the results of the interaction of one with another 
[1]. For these reasons, conventional chromatographic methods are not generally used in industrial environments for 
the determination of these additives. Electrochemical methods represent a reliable alternative because they make it 
possible to carry out quantitative analyses considering the effects of additives on the electrodeposition rate regardless 
of their chemical nature and providing, at the same time, useful information about the condition of the bath [2]. 
Cyclic Voltammetric Stripping (CVS) measurements were carried out on a commercial acid copper plating bath to 
determine the concentrations of the three main additives generally used in these baths: suppressor, brightener and 
leveler. Various analytical methods, such as dilution titration and standard additions, have been selected depending on 
the additive under investigation. Because of the complex nature of the baths and to consider the additives’ interaction, 
the experiments were performed by using a systematic approach, varying concentrations and the different parameters 
involved.  
Electrochemical Impedance Spectroscopy (EIS) experiments were also conducted to characterize the deposition process 
in terms of resistive and capacitive components. EIS offers the possibility to get a lot of information about the system 
under study with few experiments. In this sense, its application in the galvanic field is of great interest both from an 
industrial and academic point of view, to achieve a detailed knowledge of the function of each additive and the 
interactions between them and to study the aging of plating baths. 
The authors acknowledge Regione Toscana POR CreO FESR 2014-2020 – azione 1.1.5 sub-azione a1 – Bando 1 “Progetti 
Strategici di ricerca e sviluppo” which made possible the projects “A.C.A.L. 4.0”, “GIGA 4.0” and “GoodGalv”. The authors 
also acknowledge MUR and EU-FSE for financial support of the PhD fellowship PON Research and Innovation 2014-2020 
(D.M 1061/2021) XXXVII Cycle in Chemical Sciences: “Elettrodeposizione e analisi di superfici in galvanica in ottica di 
industria 4.0”. 
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The effect of various supporting electrolytes was investigated using saline species with fixed cation in order to check 
the effect of the anion. To enhance the specific ion effect a simple galvanic bath containing only the metal precursor 
was used, without any complexing agent, surfactant or organic additive. 
The Hofmeister series orders the ions depending on their ability to either salt out or salt in proteins. This specific ion 
effect has been the subject of several studies of great scientific interest, which have found remarkable outcomes in 
biochemical and colloidal systems [1]. According to some authors this effect is associated to the variation in solvation 
energy between the ions and the solvating water molecules. Ions are commonly distinguished between kosmotropes 
(order makers), that possess a large Gibbs free energy of hydration surface, a low polarizability, a small partial molar 
volume and decrease the solubility of nonpolar molecules ("salting out"). By contrast chaotropes (order disruptors) 
increase the solubility of nonpolar molecules ("salting in") and shows a lower Gibbs free energy of hydration surface, a 
large polarizability, and a greater partial molar volume. Part of the series, going from the kosmotropic to the chaotropic 
side, is: SO4

2- > NO3
- > ClO3

- > ClO4
- > BF4

- > PF6
-. 

In this work we looked for a connection between the specific ion effect and the electrodeposition of copper. Copper 
was chosen because it is a commonly used metal employed in the galvanic industry and its deposition is relatively simple 
and straightforward. 
The relevance of the nature and properties of the investigated anions on the efficiency of metal deposition, the 
crystalline morphology and the kinetics of plating was monitored, at constant temperature. The study was sustained by 
electrochemical measurements (cyclic voltammetries and chronoamperometries) to make sure that no metal 
complexation was taking place and to evaluate the nucleation and growth mechanism; morphological characterization 
(SEM); crystalline analysis (XRD); deposition efficiency, measuring the film thickness (XRF). 
This study aims to open new perspectives in the field of electrodeposition, both from the scientific and the application 
point of view, in order to provide green alternatives in the electroplating industry [2].  
Indeed, if changing only the electrolyte could produce any improvement in the coating deposition, the use of organic 
additives and toxic compounds in a galvanic bath might be minimized, reducing their environmental impact. According 
to our preliminary measurements, we found differences in the morphology of the electrodeposited films, depending on 
the background electrolyte. 
The authors acknowledge Regione Toscana POR CreO FESR 2014-2020 – azione 1.1.5 sub-azione a1 – Bando 1 “Progetti 
Strategici di ricerca e sviluppo” which made possible the project “Galvanica Intelligente per Gioielli e Accessori 4.0” 
(GIGA 4.0), CUP 3553.04032020.158000105_1242, CIPE D64E20003740009. 
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Electrochemical studies are usually done in aggressive liquid environments. Thus, excellent environmental control and 
protection of AFM electronics is necessary for good imaging results, where all the AFM electronics is protected and 
positioned above the liquid, as special corrosion-resistant material is used for the cantilever holders [1]. An example of 
the usefulness of EC-AFM is the analysis of the failure mechanisms of graphite electrodes in various solutions using in 
situ imaging by AFM. In these experiments the behavior of composite graphite electrodes as anodes in Li-ion batteries, 
during cycling of lithium intercalation-deintercalation processes, largely depends on solution’s composition. Of special 
interest is the stable behavior of lithiated graphite electrodes in ethylene carbonate solutions, while in solutions of a 
very similar solvent, propylene carbonate (PC), lithiated graphite electrodes fail. The morphological studies confirmed 
that the major failure mechanism of graphite electrodes in PC solutions involves cracking of the particles and the 
consequent electrical isolation of most of the active mass by surface films, rather than a massive exfoliation of the 
graphite particles. The latter phenomenon is caused by the co-intercalation of solvent molecules. Cracking of the 
graphite particles during cathodic polarization depends on the crevices that originally exist in some types of graphite 
particles, especially in synthetic materials, and is promoted by gas formation within the crevices, due to the unwanted 
reduction of solvent molecules [2]. In the present contribution we consider various combinations of scanning probe 
microscopies (SPM) when the materials to analyze are under potential control and the imaging process of the polarizable 
electrodic substrate takes place in wet environment, i.e., in the actual operative conditions of an electrode undergoing 
solid state redox processes. 
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The interfacial characteristics of electrochemical biosensors is one of the most important aspects influencing their 
performance in terms of biotransducers loading and analytical parameters.  
This paper will present the characterization of all the steps involved in immunosensors development by means of 
faradaic and capacitive impedance spectroscopy (EIS), thanks to the inherent possibility of this technique to allow the 
label-free detection of analytes. EIS is a useful tool for the analysis of interfacial properties of the electrode, which can 
be used to quantitatively study electrochemical processes. Surface modification of the SPEs is mandatory to optimize 
the immobilization of antibodies onto the electrode surface. Gold electrode surface modification through SAMs layer 
formation [1][2] with carboxylic or aminic headgroups, allow the covalent immobilization of biotransducers (i.e. 
antibodies). Furthermore, several parameters can affect label-free impedimetric immunosensor’s performance: i) the 
chain length of thiols involved in SAMs formation; ii) the correct orientation of antibody onto the electrode surface; iii) 
the influence of the pH buffer solution on the impedimetric response of the biosensor, considering the isoelectric point 
(pI) of both the antibody and the antigen. To this purpose, the changes of the electrode/electrolyte interface properties 
will be evaluated measuring the resistance to the charge transfer (Rct) of both anionic and cationic redox probes (i.e. 
hexacyanoferrate (II)/(III), hexaammineruthenium (II)/(III) [5]), taking into account all the electrostatic effects with the 
antibodies and antigens at different pHs. The same characterization will be performed in the absence of the redox probe 
(non-faradaic conditions), following the capacitance behavior of the electric double layer.    
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The mechanisms underlying cancer development and proliferation are at the center of cancer research. The 
characterization of the tumor microenvironment and the development of new devices and analytical techniques are 
therefore fundamental to obtain important information, to predict the development of the disease and to intervene 
adequately. Scanning electrochemical microscopy (SECM) is a powerful technique able to investigate cells and their 
surroundings with high spatial and temporal resolution using ultramicroelectrodes as probes to obtain information 
about cell metabolic activity [1]. 
Glucose micro-biosensors [2] can be used as probes of SECM to measure, with high sensitivity, glucose concentration, a 
central molecule in the cell metabolism. The rate of glucose consumption is often altered in tumor metabolism, in ex 
vivo tissues. We developed a functionalization route to efficiently incorporate the enzyme Glucose Oxidase on platinum 
ultramicroelectrodes. The obtained biosensor can be used to measure the local glucose concentration in hypoxic 
microenvironments. This condition often affects solid tumor tissues. The response of the glucose biosensor, its 
selectivity and sensitivity, was tested at different levels of oxygen 
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Microbial fuel cell (MFC) is one of the most sustainable technologies due to its dual ability to recover electricity from 
wastewater and eliminate problems related to their disposal [1]. One of the most suitable designs for MFC cathodes is 
a single-chamber air-breathing configuration, fed with wastewater as fuel and oxygen from the air as an electron 
acceptor. Due to the sluggish kinetics of oxygen reduction reaction (ORR) at the cathode side in MFC operating 
conditions (i.e., neutral pH, ambient temperature, and many contaminants in the fuel, MFC air-breathing cathodes need 
the presence of a catalyst [2]. Efficient and critical raw materials-free electrocatalysts can be obtained by developing M-
N-C catalysts, where M=transition metal (Fe,Mn, and Co), N=nitrogen, and C=carbon, onto carbon cloth electrodes or 
stainless steel meshes [3]. Despite the good performance in terms of electrical power generation, the poor stability of 
M-N-C-based cathodes over time limits the MFC performance. This issue is due to increased internal resistance and 
decreased coulombic efficiency because of biofilm accumulation at the cathode catalyst layer (CL) and a progressive 
electrolyte leakage due to an unstable gas diffusion layer [4]. 

This study develops a strategy to optimize Fe-N-C cathodes for oxygen reduction in microbial fuel cells. Air-cathodes 
were prepared by modifying polytetrafluoroethylene-supported carbon cloth electrodes with a catalyst layer based on 
Fe-N-C materials obtained by impregnating carbon black with iron salts and N-rich organic precursors, followed by 
pyrolysis treatments. The efficiency of Fe-N-C towards ORR in neutral media was preliminarily assessed by cyclic 
voltammetry and hydrodynamic voltammetry with rotating disk electrode, indicating good electrochemical 
performance in terms of onset potential, half-wave potential, and limiting current density for ORR, which proceeds 
through a direct 4-electron path. The prepared electrodes were assembled at the cathode side of MFC lab prototype 
fed with either sodium acetate in phosphate buffer or wastewaters from urban tratments plants. The MFC performance 
was evaluated by acquiring voltage generation cycles, power density curves, and electrochemical impedance 
spectroscopy. 

To limit the biofilm accumulation at the CL/solution interface and enhance cathode longevity and activity, the effect 
of cathode modification with conducting organic polymers (CPs). Among CPs, we have evaluated poly(p-
penyleneethylenevinylene)s (PPEV) featuring linked unsaturated groups within the same monomer, representing a 
scarcely investigated type of CPs. The potential advantage of these systems consists in improved ring coplanarity and π 
orbital overlap due to the long distance between the substituted phenylene groups imposed by the intercalating C-4 
enyne fragment. The effect of PPEV cathode modification was evaluated in terms of morphology, electric resistance, 
and biomass adhesion onto the electrode. 
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An important growth and development of electric vehicles (EVs) is fundamental to decrease transport induced 
emission. In fact, transport sector generates around a quarter of EU greenhouse gas (GHG) emissions and more than 
two thirds of these GHG emissions come from road transport. In this context the European project SUBLIME has the 
purpose to increase EV adoption by dealing with the technical challenges presented by the consumer needs, for example 
increasing capabilities of EVs for long travelling distances. SUBLIME concept entails development of a new sulfide 
electrolyte based solid-state battery with high capacity and high voltage stability to reach gravimetric energy density 
superior to 450 Wh/kg and volumetric energy density superior to 1200 Wh/l. In order to reach these values Li metal as 
anode (LiM) and Ni rich material as cathode are used as high capacity and high voltage electrode materials. 

In SUBLIME project a pseudo 2D (P2D) continuum model has been realized to predict and study the electrochemical 
performances of a solid-state cell. The name “pseudo 2D” is owing to the fact that in the model there are two disparate 
but connected 1D realms: the first one models the 3 layers of the cell assembly while the second one models one-
dimensional diffusion-based transport inside the particle. In the first model charge and mass transport in porous 
electrodes and electrolyte with respective electrochemical reactions are considered. These two 1D models are coupled 
based on the law of conservation of species. The main advantages of a P2D model are its accuracy due to the inclusion 
of dominant physical phenomena and geometrical details, and its flexibility because of the possible coupling with other 
physical events as thermal behaviour or stress and strain in components [1]. 

The model here developed contains mainly two innovations: metallic lithium considered as anode and sulfide-based 
solid-state electrolyte, so different equations and boundary conditions should be considered with respect to the classical 
Newman P2D model. The lithium electrode is considered as an infinite reservoir of lithium supply without any 
dimension, therefore it is modelled as a boundary [2]. For the solid electrolyte, according to literature, it is possible to 
use single ion conducting electrolyte [3]: Ohm’s law also describes the processes in the solid electrolyte and the current 
density can be calculated using equation 1: 

 
𝑖- = −𝜎-𝛻𝜙- (1) 

 
il is the current density in the solid electrolyte [A/m2] 
σl is the conductivity of the solid electrolyte [S/m] 
Φl is the potential in the solid electrolyte [V] 
 

The model has been calibrated and validated through cells assembled in SUBLIME project showing as output the 
characteristic charge-discharge battery profile (potential vs capacity) at different C-rates. 
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As part of the European Green Deal, the EU has set itself a binding target to achieve climate neutrality by 2050. This 
requires current greenhouse gas emission levels to drop substantially in the next decades. As an intermediate step 
towards climate neutrality, the EU has raised its 2030 climate ambition, committing to cutting emissions by at least 55% 
by 2030 [1]. From now, in order to reduce air pollution and greenhouse gas emission, battery electric vehicles (BEVs) 
are in the center of the energy transition. 

In the framework of lithium-ion battery research, multi-physics modelling can be helpful to unravel complex 
phenomena, such as ionic diffusion mechanisms, heat generation and transport through multi-layered structures during 
cell cycling, electrodes utilization and current distribution, aging and so forth.  

In this work, three different electrochemical-thermal models of LiFePO4 pouch cell were developed with COMSOL 
Multiphysics and compared to evaluate the accuracy and the computational performance of the models. 

A simplified electrochemical P2D model of an LFP-graphite single cell was developed and coupled with a 3D thermal 
model of a real dimension pouch cell. Additionally, Joule Heating multiphysics is added to account for the heat produced 
by electrical current flowing through the tabs. Following the same approach, a second model with an enhanced 2D 
electrochemical physics was derived. Finally, a fully 3D electrochemical and thermal model of the pouch cell was 
developed.  

Electrochemical and thermal results of the proposed models will be compared and validated with experimental data 
[2].  

 
 
 
 
 
 
 
 

 
Figure 1: Electrochemical-thermal models geometry upscaling 
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The electrochemical conversion of carbon dioxide (CO2) to value-added products attracts attention in view of closing 
the carbon cycle and compensating anthropogenic CO2 emissions, using electricity from renewable source as input [1]. 
In this framework, the proper design of electrocatalysts is mandatory to selectively yield a desired product from CO2 
reduction.  However, in order to obtain large quantities of value-added products, high currents need to be employed, 
thus implying that mass transport of reactants and products starts gaining importance. Taking into account mass 
transport during the electroreduction process can help in understanding the reaction mechanisms and further in 
designing efficient catalysts. We previously developed a model which can depict the local environment for the reduction 
reactions [2]. We further demonstrated that this environment is mass diffusion-dependent and it can dramatically 
influence the reaction pathways. 

Electrochemical impedance spectroscopy (EIS) is a widely known technique that allows studying the different 
processes occurring in electrochemical systems or devices. Despite its versatility, it has rarely been adopted for 
investigating the mass transport limitation during CO2 electroreduction [3]. In this work, this aspect is deeply analyzed 
by correlating the results of EIS characterization with those obtained by bubble-induced mass transport modeling. 
Different metal-based (Au [4], Ag, Cu) catalysts are employed, and the effects of potential, electrode rotation rate and 
electrolyte pH are clarified (Figure 1). 

 
Figure 1: CO2 electroreduction on Au rotating electrode: (a) EIS measurement at different potentials and fixed 1600 RPM rotation, 

and (b) faradaic efficiency toward CO at different potentials, local pH and rotation rates. 
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Lithium-rich layered oxide materials are able to supply a large specific capacity [1,2] that originates from the structural 
flexibility, and ambiguity. In the literature the crystal identity of LRLO is not univocally determined being reported as a 
single partially disordered solid solution, with an 𝑅3;𝑚 space group [3] with partial supercell ordering of lithium ions, or 
as a nano-mosaic of coexisting phases with 	𝑅3;𝑚  and 𝐶2/𝑚 space groups [4]. Experimentally XRD diffraction patterns 
of LRLO can be indexed (and refined by the Rietveld approach) assuming a-NaFeO2 rock structure belonging to 𝑅3;𝑚 
group of symmetry: However few unindexed additional peaks are aways observe din LRLO XRD patterns: these 
diffraction features can be index to the (020), (110) and (1;11) reflections of Li2MnO3, that belongs to C2/m group of 
symmetry [5]. Thus, single phase Rietveld refinement fails in the correct structural reconstruction wither assuming the 
𝑅3;𝑚 or the 𝐶2/𝑚 prototype structures.  
Here we demonstrate that C2/m monoclinic prototype structure can correctly mimic the XRD patterns of a variety of 
LRLO stoichiometries by a tailored incorporation of large concentration of Li/Mn antisite defects in the transition metal 
atomic sites. XRD can be reconstructed by this structural prototype outperforming both the undistorted 𝑅3;𝑚  and 
𝐶2/𝑚 prototypes. 
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The electric response of a system formed by an electrolyte in contact with a porous electrode is investigated. The simple 
case in which only the positive ions are mobile is considered. The first scenario is the one in which the mobile ions can 
be immobilized by means of an irreversible reaction. We show that the existing model [1], based on this assumption, is 
not suitable to describe in a proper manner the electric response of the cell to external electric excitation, because in a 
one-dimensional problem the electric current density is not position-independent. Consequently, it cannot be used to 
analyze the current-voltage characteristics or the electrical impedance of the cell. A generalization of the model, in 
which the mobile ions are instead immobilized by a reversible reaction, allows the impedance of the cell to be 
determined in such a way to be meaningful for the investigations carried out with the impedance spectroscopy 
technique. Special attention is devoted to the problem of a cell limited by one blocking electrode and one transparent 
electrode, which corresponds to a titania-based porous electrode immersed in an electrolytic solution. The model is 
subsequently generalized in such a way that the ionic diffusion is regulated by a time-fractional equation [2] to consider 
the porous nature of the medium. To validate the theoretical model, we select a case study that well represents the 
modeled system in which the working electrode is made up of lithium titanate (LiTiOx) nanotubes in contact with an 
organic electrolyte. The theoretical predictions of the resulting model are in good agreement with the experimental 
data in the explored frequency range. 
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N-heterocycles in organic synthesis are very attractive molecular structures as they have important functions from a 
biology and medicinal chemistry point of view. These molecules have been extensively studied and their 
functionalization with different substituents has always been very important to enable the synthesis of target 
compounds. In order to carry out rapid and direct modifications on heteroatomic molecules, the Minisci reaction is of 
considerable interest. This reaction is based on addition of a carbon centered radical to a heteroaromatic ring, followed 
by a formal hydrogen atom loss, in an overall substitution reaction. Various methods allow to generate radicals and one 
of these is, for example, through photochemistry that, however, requires the use of expensive photocatalysts. An 
interesting alternative way to create radical species in organic synthesis is the electrochemistry. Thus, the 
electrochemical route [1] to perform several synthetic reactions has having a revival and becoming very popular. In fact, 
the use of direct or mediated electron transfer allows reactions also to be carried out in milder conditions. 
In this framework the study presented in this communication concerns the characterization and comparison by a 
voltammetric point of view of different catalysts that can be used in the Minisci reaction and in the subsequent 
exploration of the possibility to generate radicals and thus of carrying out an electrochemically assisted reaction.  
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Carbon dots (CDs) are quasi-spherical fluorescent carbon-based nanomaterials, with a diameter usually equal to or less 
than 10 nm. These nanoparticles are characterized by a carbon core and a surface functionalized with different chemical 
groups. Since their discovery in 2004, several synthetic procedures have been developed over the years, with the aim 
of modulating their size, the chemical groups present on the surface and therefore their physicochemical properties [1]. 
Overall, the synthetic approaches for CDs preparation can be divided into two groups: top-down and bottom-up. In the 
top-down processes large carbon-based materials (such as nanotubes, graphite, graphene) are fragmented by physical 
or chemical methods to form nanoparticles; on the other hand, in the bottom-up processes CDs are obtained by 
oxidation, polymerization and carbonization of small molecules. Due to their peculiar and interesting features, such as 
chemical stability, water solubility, low toxicity, excellent biocompatibility, in combination with photoelectric properties, 
CDs have generated considerable interest in different scientific areas. Indeed, they have been employed in many fields, 
such as in chemical and electrochemical sensors [2], in photovoltaics [3], as well as in nonomedicine, applied in 
bioimaging [4], as drug carriers [5] or for the detection and inactivation of different microorganisms [6]. 

In light of these considerations, we developed an electrochemical synthesis of CDs by bottom-up method, using 
different molecules as carbon sources, in order to obtain nanoparticles with variable surface functionalization. 
Galvanostatic or potentiostatic conditions were employed and evaluated to modular the physicochemical properties of 
CDs. The obtained nanoparticles were characterized by SEM, FT-IR, UV-Vis and fluorescent excitation and emission 
spectra. The variable surface functionalization and the consequent effects on their physicochemical properties can pave 
the way for advance applications of these CDs in organic chemistry, nanomedicine and photovoltaics devices. 
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Atom transfer radical polymerization (ATRP) is one of the most important techniques of reversible deactivation radical 
polymerization, which allows preparation of advanced polymers with precise control over molecular weight, dispersity, 
composition and architecture. ATRP is based on a dynamic equilibrium between dormant chains (Pn-X) and propagating 
radical chains (Pn

•) catalyzed by transition metal catalysts.[1] Although copper complexes are the most efficient and most 
widely used catalysts, many other metals have been tested. In particular, iron-based catalysts are very interesting 
because of the abundance of the metal, and its low toxicity and biocompatibility, being involved in many important 
biological systems. However, unlike copper complexes, the mechanism of action of iron-based catalysts is little known. 
The catalytic system is often prepared in situ by mixing an iron halide salt with a ligand, mainly based on nitrogen or 
phosphorus.[2] Although many families of ligands have been developed and explored in polymer synthesis by ATRP, the 
role of the ligand on the catalytic activity of iron remains unclear.  

We report here a study on the employment of FeCl3 as a catalyst in electrochemically mediated ATRP of methyl 
methacrylate (MMA). In eATRP, the activator form of the metal catalyst is continuously (re)generated by 
electrochemical reduction at the working electrode.[3] We first investigated the chemical speciation of Fe ions and their 
electrochemical behavior in solution. FeCl3 exhibits two quasi-reversible peak couples in cyclic voltammetry (Fig.1). 
These were assigned to FeCl4- and FeCl2+ on the basis of careful voltammetric analysis considering the effects of scan 
rate and [Cl-] as well as digital simulation of cyclic voltammetry. Also, the effect of added nitrogen-based or phosphorus-
based ligands on the electrochemical behavior and speciation of Fe(III) was investigated. 

eATRP of MMA catalyzed by FeCl3 was then investigated in different conditions. In particular, the effect of 
temperature, catalyst concentration, catalyst-to-initiator ratio, halide ion excess and added ligands was investigated. In 
general, polymerization was much slower and more difficult to control than the analogous copper-catalyzed process.  

 
Figure 1: (a) Cyclic voltammetry of 1 mM FeCl3 in DMF + 0.1 M Et4NBF4, recorded on a GC electrode at different scan rates and (b) 

simulated CVs for a system composed FeIIICl4- and FeIIICl2+ in equilibrium. 
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Boron trifluoride, commonly known as BF3, is a Lewis acid used in many of organic reactions. This reactant is known for 
its high reactivity, volatility and toxicity, which can cause severe skin and respiratory tract irritations and lung 
dysfunction after long exposure [1], so its use should be limited for these reasons. To make it easier to handle, complexes 
of BF3 and ether are used, even though in these forms they still have corrosive properties, flammability and sensitivity 
to moisture [2, 3]. 
 
For these reasons, we explored the possibility of an alternative and less dangerous source of BF3, which may possibly 
be generated in situ, overcoming the necessity of storing. It is known in the literature that it is possible to obtain BF3, 
from BF4

-, by electrochemical anodic oxidation of 1-butyl-3-methylimidazole tetrafluoroborate, or BMIm-BF4, a known 
Ionic Liquid (IL) [4, 5]. 
In this work, we were able to perform classical BF3 catalyzed reactions through anodic oxidation of BMIm-BF4 using the 
same sample of BF3 several times because this ionic liquid is really easy to recycle after ethereal extraction. 
 
We evaluated different characteristics, firstly the effectiveness of electrochemical generation of BF3 in the BMIm-BF4 
ionic liquid, thus producing this Lewis acid in situ and in a particularly polar solvent. Then we proved the reactivity and 
the way to handle the electrogenerated BF3 in comparison to the ethereal form of BF3 giving us an awareness of the 
benefits of the first one.  
The results show the possibility to generate the exact amount of required catalyst using the electron as redox reagent, 
without fumes production, with reduced sensitivity to moisture and the possibility of Ionic Liquid recycling for 
subsequent reactions [6]. 
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In this work, an efficient and easily repeatable electrochemical approach for the preparation of high quality carbon dots 
is presented. The electrochemical synthesis of carbon dots (CDs) from industrial orange peels waste (OPW) was 
performed using a simple electrolysis at room temperature on an aqueous liquid (L-HC) obtained from hydrothermal 
carbonization process. [1] The popularity of electricity as reagent is enhanced by the efficient conversion of wet agro-
industrial biomass through a circular chemistry application. [2] The integration of hydrothermal carbonization (HTC) and 
electrochemical (EC) synthesis allowing a winning approach to obtain high-quality CDs with good yields (∼ 30%) from 
organic precursors. The so-called “bottom-up” procedure, used in this work, allow preparation of nano carbon 
structures with less defects and more homogeneous chemical compositions. Although different techniques are used to 
prepare the C-points, their photoluminescence (PL) emission profiles, their quantum yields (QY) and their reproducibility 
remain the important topics. EC methods offer advantages of mild reaction conditions, high yields, and purity, simple 
instrumentation, and cost containment for mass production. [3] The choice to synthesize the CDs by the bottom-up EC 
methods is linked to the choice to use green precursors which originate from biological materials, the OPW, to make 
sure the as-prepared CDs are non-toxic and biocompatible. The carbon nanoparticles have been characterized by SEM, 
the functional groups on the surface has been determined by FT-IR analysis and optical properties and quantum yield 
have been evaluated by UV-Vis and PL spectroscopy. The CDs exhibit a blue emission (λem = 420-440 nm, λexc = 340 nm) 
and a very good quantum yield (QY) that is promising for photochemical applications. The obtained CDs are used as an 
effective and recyclable carbo catalyst for the generation of carbon-carbon bond leading to Knoevenagel adducts under 
very mild reaction conditions. The results establish this nanoscale form of carbon as an alternative carbo catalyst for 
important catalyzed organic transformations.  

 
Figure 1: Work’s main topics 
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The cyanomethyl anion, generated by cathodic reduction of a solution of ACN-Et4NBF4, is a bidentate species. The 
negative charge is delocalized alternatively on the nitrogen atom and on the methylene carbon (Scheme 1), but the 
literature reports a computational study, where the maximum electron density results on the carbon atom. Hence, 
methylene carbon is the nucleophilic site [1]. 
 
 
 
 

Scheme 1: Cyanomethyl anion resonance stabilization. 
 
The contamination with water of the cathodic solution gave us the opportunity to investigate alkyl isocyanate reactivity 
toward electrogenerated anions. The cathodic reduction of a ACN-Et4NBF4 solution led to the formation of both 
hydroxide and cyanomethyl anions. The reaction of the catholyte with cyclohexylisocyanate led to the exclusive 
formation of acetamidated product, with no traces of cyanomethylated one. On the contrary, when reacting with 
benzaldehyde only the cyanomethylated was isolated (Scheme 2) [2]. 
 
 
 
 
 
 
 
 
 
 

Scheme 2: Cyanomethyl anion resonance stabilization. 
 
Several experiments were carried out to understand the unexpected behavior of cyclohexylisocyanate. The examined 
variables were the amount of charge given during electrolysis and the possible rearrangement of the cyanomethylation 
product. Moreover, computational analysis allowed to state the higher stability of acetamidated product with respect 
to the cyanomethylated one. 
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Harvesting systems capable of transforming mechanical vibration into electrical energy have attracted considerable 
interest with particular focus on electroactive polymers. We are developing harvester systems compatible to a shoe 
sole structure and capable of recovering energy from human gait, then sustaining the energy consumption of a sensor 
platform to monitor biophysical parameters. In this work, a composite material consisting of a polyurethane matrix filled 
with a high-k ceramic nanofiller (CaCu3Ti4O12) is fabricated by doctor blade coating. Single strips, with sputtered 
electrodes, are electrically connected in parallel increasing electrical capacitance. The required bias voltage is provided 
by two alternative solutions, a rechargeable battery or a custom electret made by corona charging. When a 50 V bias 
was supplied by the battery, we obtained energy density output of about 5 μJ/cm3. Utilizing the electret, we measured 
an energy density output a factor 3 to 10 higher. The energy, initially stored in a supercapacitor, will then be managed 
in an optimized way to power sensing components integrated in the shoe sole. 
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Commercially available lithium-batteries (LBs) contain electrolytes based on flammable and volatile organic carbonate 
mixtures, which are responsible for the narrow range of operating temperatures and for safety hazards in general. In 
this respect, widely investigated aprotic ionic liquids (AILs, Figure 1a on the left) are promising candidates, due to their 
flame-retarding ability, negligible vapor pressure, high chemical and thermal stability [1]. 

Here we demonstrate the applicability of protic ionic liquids (PILs, Figure 1a on the right) in LBs with a Li metal anode. 
PILs are characterized by the presence of at least one hydrogen atom with acidic properties. Protic cations are less 
shielded than their aprotic analogues, and so they interact more strongly with the respective anions. In this way, when 
a lithium salt is dissolved into the ionic liquid to form the LB electrolyte, Li+ ions are less restrained by the anions in PILs 
than in AILs, thus increasing their mobility and boosting the rate capability of the whole system [2].  

On the other hand, labile protons in PILs can be reduced to molecular hydrogen at a voltage below 2 V vs. Li+/Li. To 
circumvent this issue, the PIL electrolytes are combined with vinylene carbonate (VC), which promotes the formation 
of a stable protective layer on the Li metal anode, preventing detrimental reactions of the electrolyte at the metal 
surface [3]. Stable ambient temperature cycling was observed in electrochemical cells with a pyrrolidinium-based PIL 
electrolyte, using either LiFePO4 or LiNiMnCoO2 (NMC) as cathodes. Notably, the PIL-based cell was proved to have a 
much higher rate capability than the corresponding AIL-based one, as shown in Figure 1b [4]. 

Finally, the same PILs were successfully tested also in Li solid-polymer cells, upon combining them with crosslinked 
polymers [5], demonstrating once more the great potentiality of PILs in advanced energy applications. 
 

 
Figure 1: Part a) representation of the different interactions of Li+ ions within generic AIL and PIL electrolytes. Part b) galvanostatic 

cycling of two Li metal/electrolyte/NMC systems, either with PIL or AIL. 
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The oxygen reduction reaction (ORR) is one of the most important reactions for power regenerative energy conversion 
devices such as fuel cells (FC). Nevertheless, these devices often require Platinum Group Metal-based materials (PGMs) 
to obtain satisfactory results on a large scale. Their high cost, low durability, and low tolerance in the presence of 
contaminants still compromise the FC environmental-friendly transition and commercialization. [1] For this reason, 
many efforts have been made to develop high-performance PGM-free electrocatalysts such as metal-nitrogen-carbon 
(M-N-C) materials. This work reports the preparation and characterization of porous organic polymers (POPs) used as 
M-N-C precursors with high and modulable surface area and high nitrogen density. [2] 
A resin phenol-melamine POPs (PM) and Iron salt have been used to synthesize Fe-N-C-based catalysts with different 
iron contents (0.07–1.3wt.%). Combining electrochemical and spectroscopical techniques (i.e., Cyclic Voltammetry, 
Linear Sweep Voltammetry with rotating disk electrode, X-Ray Photoelectron and Raman Spectroscopy) allowed to 
elucidate the effect of Fe content on materials structure, surface chemistry, and electrocatalytic activity towards ORR.  
The specific surface area, reported in Table 1 (Brunauer-Emmett-Teller; BET analysis), decreases, as the iron content 
increases, while no changes in morphology were observed by SEM analysis (Figure 1a). X ray diffraction patterns (Figure 
1b) show that the sample with the highest iron content has a secondary phase, indicating that not all iron contributes 
to the catalytic activity. This behavior is confirmed by the LSV analysis, performed in an alkaline environment (Figure 
1c): PM-0.5%Fe and PM-1.3%Fe show indeed very similar E1/2 and current density values. PM-0.5%Fe shows the best 
compromise between iron content and electrochemical performances and has been used to assemble a 5 cm2 AEMFC 
single cell equipped with a FAA3-50 membrane. The AEMFC performance was evaluated by polarization measurements 
and power density curves varying operating conditions. 
 

Table 1: Specific surface area, estimated by Brunauer-Emmett-Teller (BET) analysis 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: a) SEM image of PM materials; b)  X-ray diffraction; c) Linear Sweep Voltammetry with rotating disk electrode, scan rate 

5mV/s, 1600rpm 
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 PM 0%Fe PM 0.2% Fe PM 0.5% Fe PM 1.3% Fe 
Specific Surface Area m2/g 1455±10 1022±20 704±17 512±11 
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The development of greener electroplating baths is one of the objectives of the industry, especially today when there 
is a high cost of energy and raw materials. Electroplating is a technique that needs to continue innovations for new 
objectives of environmental sustainability and technological competitiveness [1].  

One of the objectives of the POR CREO GIGA 4.0 regional project (POR FESR TOSCANA 2014 – 2020, AZIONE 1.1.5 
sub A BANDO N.2: Progetti di ricerca e sviluppo delle MPMI) is the development of innovative formulations for 
electroplating without the use of chemicals that are toxic to operators and the environment (cyanides and nickel), which 
operate at lower temperatures than those of galvanic baths used on an industrial level to reduce energy consummation. 

The partners, Italfimet Srl, UNIFI, O.B.I. Spa and Jessica Spa, have planned to create jewels and fashion accessories 
that are sustainable and without nickel, while developing more efficient processes of production in terms of “smart 
industry”. 

In detail, four new galvanic formulations have been developed to be included in the tested nickel-plating process (a 
plating is considered nickel-plated if the release of nickel is less than 0.5 μg / cm2 / week) to make it free of cyanides 
and nickel: the alkaline copper without cyanide; white bronze without cyanide; the adhesion gold primer without 
cyanide; the light gold plating without cyanide and nickel. 

 Usually for the electrodeposition of alkaline copper, white bronze and the adhesion gold primer are employed 
cyanide baths because they produce mirror bright, compact, smooth, and adhesive deposits, a lowest cost. 
Unfortunately cyanide compounds have strong toxicity and a large amount of the cost is required for securing safe 
working conditions and for waste treatment, therefore it is replacement is at least desirable.  

Gold Nickel alloys are usually used in galvanic coatings to achieve light gold plating 2N18 color. Contact allergies due 
to nickel in the EU still have a high frequency rate [2], so eliminating this element from electroplating (coatings without 
Ni) would be the answer to a growing demand. 

In this work it is presented the characteristics of standard and innovative galvanic baths, and a comparative study 
by means of morphological characterization, surface analysis and measurements of the corrosion resistance of galvanic 
coatings produced using both standard and innovative galvanic baths. 
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