Fethi Bedioui 
  
Patrice Simon 
  
Michael Holzinger 
  
Alexander Kuhn 
  
Jean-Christophe Lacroix 
  
Mathieu Etienne 
  
Corinne Lagrost 
  
Vincent Vivier 
  
Jalal Ghilane 
  
Pascal Martin 
  
Alberto Escarpa 
email: alberto.escarpa@uah.es
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
Electrochemical (bio)sensing in micro-size environments

The organizing and scientific committees and the participants of the Elecnano thank for their support the following organisms and companies.

Tenth international edition of Electrochemistry in Nanoscience

May 10-12, 2023, Paris, France.

Following the success of the previous editions of ElecNano [1][2][3][4][5][6][7][8][9] (from 2006 to 2021), the electrochemists of the University of Paris Cité, the electrochemistry group and the nanoscience group of the French Chemical Society have the pleasure to organize the tenth edition of Electrochemistry in Nanoscience meeting. This 10 th edition will be held in Paris Cité University from May 10th to 12th 2023.

The major goal of the conference is to cover the state of the art on Electrochemistry at the nanoscale from basic aspect to applications. A special emphasize will be made on scanning electrochemical microscopy, elaboration and characterization of nanopatterned and nanostructured surfaces, nanomaterials and nanoscale analyses for molecular and nano-electronics, sensors, energy conversion and storage, corrosion. The purpose of ElecNano10 is also to bring together the leading scientists in electrochemistry and the scientists working in nanosciences and nanotechnology, in order to stimulate intensive discussions, initiate cooperations, and improve the personal exchanges regarding Bipolar electrochemistry (BPE) is a concept based on the fact that two opposite chemical processes, oxidation and reduction, occur simultaneously on the surface of a (semi)conducting object, without physical connection to a power supply [1] . The approach has gained increasing attention during the last decade, as it can be used for various applications, ranging from materials science and (bio)electroanalysis [2][3][4] , to generation of motion and electrocatalysis [5][6][7][8][9] . However, the equations describing the fundamentals of BPE predict that wireless electrochemical addressing gets increasingly difficult for objects with small dimensions. There are several strategies to circumvent this apparent problem. The first obvious option is to apply very high potential differences between the feeder electrodes, but specific equipment, such as a capillary electrophoresis set-up, is needed in this case [10] . An interesting alternative is light-assisted BPE [11] , which allows addressing micro-and nanoobjects [12,13] . An additional option is to carry out experiments in confined environments, such as 2D liquid layers [14][15][16] . In this case, parasitic currents are minimized and thus it is possible to modify nanoobjects e.g. single layers of graphene in a very well-controlled way [17] . These different approaches illustrate that there are plenty of possibilities to use the attractive features of BPE also in the frame of nanoscience, and to perform experiments that simply aren't possible with conventional electrochemistry.

( Additive manufacturing, also commonly known as 3D printing, is rapidly becoming a part of our everyday life: from DIY use by hobbyists to industrial manufacturing, 3D printing is experiencing a booming success. The technologies advance quickly with faster print rates, broader choice of materials and a constantly increasing accuracy and printing resolution. Impressively, state-of-the-art techniques take the printed feature sizes to the extreme: multiphoton optical stereolithography and focused electron or ion beams are now capable to produce objects with nanoscale resolution. Although at the cutting edge to printing finest details, these advanced manufacturing methods lack the capacity to process dense and pure electrical conductorsmaterials very much needed to push the limits of the technologies of the futuresensors, energy storage devices, logical gates and memory interfaces.

Electrochemical methods, which have an advantage to process a wider range of materialsconductors and semiconductors, bulk materials and colloids, at a first glance, have little to do with additive manufacturing. For example, electrodeposition, a well-established approach traditionally used to produce metallic coatings or thin films, is often integrated in microfabrication process but is limited to planar two-dimensional designs. However, when combined with state-of-the-art nanoelectrochemical approaches, electrodeposition can be taken into a three-dimensional realm, where it can be used to produce complex structures with microand nanoscale dimensions. 1 The key to achieve this is nanoscale confinement of precursor delivery that is combined with layer-by-layer additive processing. Liquid manipulation by pressure driven flow through nanoscale cantilevers, 2 intermittent meniscus formation using droplet cells, 3 or droplet generation at high voltagesa variety of nanoelectrochemical techniques can be used to fabricate metallic structures with various morphologies. The recent advances in these technologies including instrumental aspects, performance metrics such as resolution and print rates, as well as some materials characteristics are highlighted in this contribution. Transparent nanostructured electrodes are the subject of increasing interest and applications. They are generally made of a porous film of a metal oxide with (semi)conductive properties and whose porosity is more or less organized. As emblematic examples, we can mention the TiO2-based nanostructured semiconductor electrodes which are commonly used in dye-sensitized solar cells or photoelectrocatalytic cells, 1,2 and the emergence of fully conductive indium tin oxide (ITO)-based nanostructured electrodes, which are of interest for photoelectrocatalytic and (spectro)electroanalytical applications. 3 It should be noted that many of these applications require a functionalization step of the nanostructured electrodes aiming at introducing, in a stable way, a monolayer of functional molecule, bringing for example a photosensitivity or a complementary catalytic activity. For such electrodes, UV-visible absorption spectroelectrochemistry is an easy-to-operate and powerful operando methodology, 4 with complementarity of electrochemical and spectroscopic data to access information difficult to obtain by the electrochemical approach alone. We will illustrate here the interest of this approach to better understand the electrochemical processes at the interface, such as charge transfer, 5,6 activity of an immobilized molecular catalysts, 7 and finally the interplay between the interfacial charge transfer and charge storage processes at a nanostructured TiO2 electrode functionalized by a molecular catalyst under turnover conditions. 6 ElecNano 10 10-12 May 2023 Paris, France 12

Nanoscale effects of anodic and cathodic corrosion of platinum electrodes

Marc T.M. Koper

Leiden Institute of Chemistry, Leiden University 2300 RA, Leiden, the Netherlands Presenting author's email: m.koper@chem.leidenuniv.nl This talk will discuss our recent insights into the electrochemistry of platinum, highlighting three topics. First, the surface chemistry on platinum is highly structure and electrolyte sensitive, with steps and defects being oxidized already in what is classically assumed to be hydrogen region. Second, the roughening occurring during oxidation and reduction cycling is imaged using in situ electrochemical STM, demonstrating an important role of nano-island formation and step meandering. Finally, at sufficiently negative potential, platinum undergoes anisotropic cathodic corrosion, as illustrated by ex situ SEM and in situ electrochemical AFM. X-Ray spectroscopy and DFT calculations suggest a crucial role for ternary metal hydrides as the key cathodic corrosion intermediate. Interfacing electrochemistry in micro-size environments provides an exciting approach for analytical (bio)sensing. Electrochemical detection offers inherent miniaturization, high compatibility with micro and nanotechnologies, high sensitivity, and cost efficiency. The appearance of nanomaterials has also opened new avenues in electrochemical (bio)sensing allowing improved analytical performance in terms of sensitivity, selectivity, and reproducibility. [1] On the other hand, both microfluidics and micromotors are among the most exciting micro and nanotechnologies. Indeed, microfluidics has proven to be very suitable due to it can be fabricated cost-effectively, allowing the tailored integration of (bio)analytical steps toward the accurately controlled manipulation of fluidics [2]. Micromotors in (bio)sensing have led to a fundamentally new approach where their continuous movement around the sample and the mixing associated effect, greatly enhances the target-receptor contacts and hence the binding efficiency and the performance of the assay [3,4].

Therefore, the coupling of electrochemistry to both microfluidics and micromotors technologies is pertinent to breaking new ground in developing new tools for reliable detection at the micro and nanoscales, especially in biological environments and diagnosis.

In this plenary lecture, selected electrochemical (bio)analysis on board both technologies will be presented and conceptually discussed from a personal perspective. Chirality endows electrochemical processes with a superior level of selectivity rendering them applicable to issues of much higher added value, e.g. in the pharmaceutical and biological field.

In spite of this, chiral electrochemistry is still immature. With respect to alternative approaches, the concept of inherent chirality provides a significant breakthrough, since it implies that chirality and key functional properties originate from the same structural element. In this light, different strategies, concerning the implementation of chirality in electrochemical dynamic systems and their use in a wireless manner through bipolar electrochemistry, will be presented (1-3). The synergy between the wireless unconventional actuation and the outstanding enantiorecognition of inherent chiral oligomers is the key to achieve easy and straightforward read outs of chiral information in solution. 

Electrochemical light conversion at nanostructured surfaces

Yiran Zhao, a Julie Descamps, b Neso Sojic, b Gabriel Loget a a Univ Rennes, CNRS, ISCR, UMR6226, 35000 Rennes, France. b University of Bordeaux, Bordeaux INP, ISM, UMR CNRS 5255, 33607 Pessac, France.

gabriel.loget@cnrs.fr Photoelectrochemistry at semiconductor electrodes is a wide field of research that combines photon absorption and electrochemical charge transfer. The simultaneous occurrence of both these stimuli at the solid-liquid interface allows for triggering electrochemical reactions with a considerably lowered energy input. So far, this phenomenon has been proven very promising for solar-to-fuel conversion applications 1 (e.g., water splitting or CO2 reduction). On the other hand, electrochemiluminescence (ECL) is a light-emitting process and a powerful tool in analytical chemistry. 2 This phenomenon is induced by the excited state of a luminophore, which is generated by an electrochemical reaction at an electrode surface.

From a basic point of view, photoelectrochemistry at semiconductors and ECL can be considered opposite processes, because, in the first case the electrode is an absorber and, in the second case, the electrode is an emitter. We have been recently exploring the combination of these two phenomena, referred to as photoinduced ECL (PECL), to generate original light conversion schemes. 3 Our recent results obtained for Stokes 4 and anti-Stokes (see Figure 1) 5 light conversion at nanostructured electrodes will be presented in this contribution. We expect that the concept of PECL will have implications in localized electrochemistry, infrared imaging, and analytical chemistry. The selective reduction of oxygen to water is crucial to life and a central process in aerobic organisms. It is catalyzed by several different enzymes, including cytochrome c oxidases, found for example in mammals, and cytochrome bd oxidases that are solely present in prokaryotes. These essential enzymes also play a crucial role in protection against oxidative stress, in virulence, adaptability and antibiotics resistance. Electrochemical and spectroscopic studies allow obtaining information on the oxygen reduction, coupled protonation processes, and the interaction with small molecules that rule the signaling processes in the biological cell, including NO, H2S and CO.

Here we present the electrocatalytic study of these membrane proteins immobilized on nanostructured surfaces. Different modes of immobilization have been probed by infrared spectroscopy and the effect of the presence of lipids on the electrochemical reactivity of the membrane proteins analyzed. On the basis of the optimized approach the reactivity of oxidases from different organisms was compared and the high degree of diversity of the enzymes discussed. 1,2 The adaptation of the respective organism to the environment as potential origin of this diversity is discussed. To further deepen this point, recent structural data from bd oxidases with varying origin are corroborated with the reactivity towards small molecules. Finally, the data on side directed mutants in the putative proton channel was obtained that revealed that the proton channel directly interact with the binding site of the small molecules at heme D. 3 Corrosion reactions are chemical/electrochemical surface reactions taking place at the nanoscale, and initiated at the atomic scale, while corrosion-induced failures of materials are often observed at the macroscopic scale. Understanding corrosion of metal surfaces at atomic/nanometric scale is a key to a better design and an improved control of engineering metals, surface treatments and protective coatings.

Electrochemistry of Corrosion at the Nanoscale

This lecture will focus on a surface science approach of corrosion and protection of metals and alloys.

The following topics will be addressed:

-Key factors for the stability of surface oxide films on metals and alloys -Key features of organic molecule-oxide-metal interactions for corrosion inhibition.

The presented data will be based on the use of advanced surface analytical techniques, including Electrochemical Scanning Tunneling Microscopy, X-ray Photoelectron Spectroscopy, and Time of Flight Secondary Ion Mass Spectrometry, combined with electrochemical measurements and DFT calculations.
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  these topics. Participation of young scientists (PhD, Students and Post-Docs) is particularly encouraged. On behalf of the scientific committee and the local organizers, we welcome you in Paris and we wish you a successful meeting !of room at the bottom Alexander Kuhn University of Bordeaux, CNRS, Bordeaux INP, ISM, UMR 5255, F-33607 Pessac, France kuhn@enscbp.fr
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 1 Figure 1. Anti-Stokes PECL at a Si-based photoanode.
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