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Hydrogen-based energy: Status and prospects. Special Issue dedicated to the memory of Dr

Michel Latroche, internationally recognized as an outstanding solid-state chemist and a pillar of the hydride community, left us suddenly. This special issue of the Journal of Alloys and Compounds entitled "Hydrogen-based energy: Status and prospects" is dedicated to his memory. It aims at reviewing the role of hydrides as key materials for energy storage and unveiling recent advances and novel perspectives in this long-standing and ever-challenging research field. The 13 selected papers included in this issue present original results and give comprehensive reviews, and were prepared by Michel Latroche's close collaborators. Many of them, as shown in the group photo below, attended the specially organized International workshop on Hydrides and Energy Storage that took place at the East Paris Institute of Chemistry and Materials Science (ICMPE), Thiais, France, on June 13, 2022. This workshop, organized by the group Interaction of Hydrogen and Matter at East Paris Institute of Chemistry and Materials Science (ICMPE), comprised high-level scientific presentations in the fields of solid-state chemistry, hydrogen storage and electrochemical energy storage. The international research community, ICMPE colleagues, CNRS and UPEC officers enjoyed active participation of the speakers. Michel's dearest family and relatives attended the workshop and were pleased to observe a great appreciation of his work by the French and international scientists, his colleagues and friends.

His main scientific interests were related to metallic hydrides. His research works dealt with structural, thermodynamic and electrochemical properties of rare earths and transition metal-based intermetallic compounds and their hydrides, as well as hybrid intermetallic alloyporous materials. His research activities were devoted to the fundamental aspects of metallic hydrides as related to their applications, such as negative electrodes of the Nickel-Metal Hydride (Ni-MH) and Li-ion batteries or storage of hydrogen gas for the use in fuel cells. He published over 270 articles in peer-reviewed journals and filled 11 patents.

Major scientific achievements of Michel Latroche were gained during the investigations of intermetallic compounds as negative electrodes of the Ni-MH batteries [1,2], comprising of the studies of AB 5 [3,[START_REF] Latroche | Structural studies of LaNi 4 CoD 6[END_REF], AB 2 [START_REF] Joubert | Improvement of the electrochemical activity of Zr-Ni-Cr Laves phase hydride electrodes by secondary phase precipitation[END_REF], AB [START_REF] Cuevas | Influence of polymorphism on the electrochemical properties of[END_REF] and AB 5 -AB 2 superlattice alloys [7][START_REF] Monnier | Identification of a new pseudo-binary hydroxide during calendar corrosion of (La, Mg) 2 Ni 7 -type hydrogen storage alloys for Nickel-Metal Hydride batteries[END_REF][9]. He succeeded in determining their crystallographic properties and reaction mechanisms by using manyfold diffraction techniques [10][11][START_REF] Latroche | Mechanistic and Kinetic Study of the Electrochemical Charge and Discharge of La 2 MgNi 9 by in Situ Powder Neutron Diffraction[END_REF][START_REF] Latroche | Structural properties of two deuterides LaY 2 Ni 9 D 12.8 and CeY 2 Ni 9 D 7.7 determined by neutron powder diffraction and X-ray absorption spectroscopy[END_REF][START_REF] Latroche | Influence of stoichiometry and composition on the structural and electrochemical properties of AB 5+y -based alloys used as negative electrode materials in Ni-MH batteries[END_REF][START_REF] Latroche | Intrinsic behaviour analysis of substituted LaNi 5 -type electrodes by means of in-situ neutron diffraction[END_REF], often in-situ or operando, and with particular emphasis on the contribution of the rare earths chemistry to the observed behaviors [START_REF] Iosub | Optimisation of MmNi 5-x Sn x (Mm=La, Ce, Nd and Pr; x=0.27[END_REF][START_REF] Latroche | Crystallographic and hydriding properties of the system La 1-x Ce x Y 2 Ni 9 (x Ce =0, 0.5 and 1)[END_REF][START_REF] Latroche | Structure determination of Y0.95Ni2 by X-ray powder diffraction[END_REF][START_REF] Paul-Boncour | In situ XAS study of the hydrogenation of AB 5 compounds[END_REF]. Many of these intermetallic compounds and related derivatives were also investigated as reversible solid-state hydrogen storage materials when extending the studies to TiFe [START_REF] Dematteis | Fundamental hydrogen storage properties of TiFe-alloy with partial substitution of Fe by Ti and Mn[END_REF][START_REF] Guéguen | Influence of the addition of vanadium on the hydrogenation properties of the compounds TiFe 0.9 V x and TiFe 0.8 Mn 0.1 V x (x=0, 0.05 and 0.1[END_REF], V-type alloys [START_REF] Challet | Hydrogenation properties and crystal structure of the single BCC (Ti 0.355 V 0.645 ) 100-x M x alloys with M=Mn[END_REF][START_REF] Massicot | Hydrogenation properties of Fe-Ti-V bcc alloys[END_REF], Mg-based compounds [START_REF] Janot | Influence of crystallinity on the structural and hydrogenation properties of Mg 2 X phases (X=Ni, Si, Ge, Sn)[END_REF][START_REF] Yartys | Hydrogenassisted phase transition in a trihydride MgNi 2 H 3 synthesized at high H 2 pressures: Thermodynamics, crystallographic and electronic structures[END_REF] and tritium storage [START_REF] Evin | Investigation by STEM-EELS of helium density in nanobubbles formed in aged palladium tritides[END_REF]. Hydrogen storage using getter alloys was also considered [START_REF] Janot | Development of a hydrogen absorbing layer in the outer shell of high pressure hydrogen tanks[END_REF][START_REF] Prigent | Hydrogen trapping properties of Zr-based intermetallic compounds in the presence of CO contaminant gas[END_REF].

More recently the research activities of Michel Latroche extended beyond intermetallic compounds and their hydrides. He led pioneering works on hydrogen storage in metal-organic frameworks [START_REF] Latroche | Hydrogen Storage in the Giant-Pore Metal-Organic Frameworks MIL-100 and MIL-101[END_REF] and hybrid materials formed by metal nanoparticles embedded in porous scaffolds [START_REF] Cachet-Vivier | Hydrogen sorption properties of Pd nanoparticles dispersed on graphitic carbon studied with a cavity microelectrode[END_REF][START_REF] Campesi | Hydrogen storage properties of Pd nanoparticle/carbon template composites[END_REF][START_REF] Latroche | Structural Instability in R 1-x Ni 2 Compounds and Their Hydrides (R = Y, Rare Earth)[END_REF][START_REF] Zlotea | Pd Nanoparticles Embedded into a Metal-Organic Framework: Synthesis, Structural Characteristics, and Hydrogen Sorption Properties[END_REF][START_REF] Zlotea | Role of nanoconfinement on hydrogen sorption properties of metal nanoparticles hybrids[END_REF]. His interests were also focused on the complex hydrides and Mg-based nanocomposites first synthesized via mechanochemical synthesis routes [START_REF] Cuevas | Synthesis, structural and hydrogenation properties of Mg-rich MgH 2 -TiH 2 nanocomposites prepared by reactive ball milling under hydrogen gas[END_REF][START_REF] Huot | Mechanochemical synthesis of hydrogen storage materials[END_REF][START_REF] Rizo-Acosta | Hydrides of early transition metals as catalysts and grain growth inhibitors for enhanced reversible hydrogen storage in nanostructured magnesium[END_REF][START_REF] Zhang | Highlighting of a Single Reaction Path during Reactive Ball Milling of Mg and TM by Quantitative H 2 Gas Sorption Analysis To Form Ternary Complex Hydrides (TM = Fe, Co, Ni)[END_REF] and then through their applications in Li-ion batteries as anode materials [START_REF] Monnier | Hydrides compounds for electrochemical applications[END_REF][START_REF] Sartori | Metal hydrides used as negative electrode materials for Li-ion batteries[END_REF][START_REF] Teprovich | Li-Driven Electrochemical Conversion Reaction of AlH 3 , LiAlH 4 , and NaAlH 4[END_REF][START_REF] Zhang | XAS investigations on nanocrystalline Mg 2 FeH 6 used as a negative electrode of Liion batteries[END_REF] and as electrolytes [START_REF] Ha Dao | Improvement of the ionic conductivity on new substituted borohydride argyrodites[END_REF]. These studies resulted in the elaboration of the first concept of solid-state Li-ion battery using hydride compounds both as anode and electrolyte [START_REF] Latroche | Full-cell hydride-based solid-state Li batteries for energy storage[END_REF][START_REF] López-Aranguren | An all-solid-state metal hydride -Sulfur lithium-ion battery[END_REF]. Last but not least, he also made important contributions to the development of Si-containing intermetallic composites as high-capacity anodes of Li-ion batteries [START_REF] Azib | Ni-Sn intermetallics as an efficient buffering matrix of Si anodes in Li-ion batteries[END_REF][START_REF] Edfouf | Nanostructured Si/Sn-Ni/C composite as negative electrode for Li-ion batteries[END_REF].

Michel Latroche widely disseminated his research outcome at French and international forums and networks through high-level seminars and conferences as well as in the university lectures and in the media communication. He regularly participated in the national (Matériaux, Colloque Energie, JDN, GFECI) and international (E-MRS, ICNS/ECNS, ICFE) conferences. Remarkably, he attended all International Symposia (from 1990) and Gordon Research Conferences (from 1993) on Metal-Hydrogen Systems.

Michel Latroche was a creative, sincere, tireless and passionate scientist, and was gifted with extraordinary competence and capacity for creative work. He was an insightful researcher who was always ready to share his knowledge with colleagues and students. His main research collaborators at the Laboratoire de Chimie Métallurgique des Terres Rares in France (J.-C. Crivello, F. Cuevas, J.-M. Joubert, E. Leroy, J. Monnier, V. Paul-Boncour, A. Percheron-Guégan, J.-X. Zhang, C. Zlotea) and hydride researchers abroad (M. Baricco, R.-C. Bowman, R. Černý, M. Dornheim, B.C. Hauback, M. Hirscher, J. Huot, T.R. Jensen, L.J. Jiang, P. de Jongh, P.H.L. Notten, V.A. Yartys, K. Yvon) strongly enjoyed his enthusiasm and research skills. He created and preserved a large network of collaborators extending all over the world (Australia, Canada, China, many European countries, India, Japan, Marocco, Tunisia, USA). He deserved a recognition as a stalwart of the metal-hydride community, and more generally of materials research for sustainable energy applications. Michel's legacy will remain in our memories to guide a progress for a brighter and better energy future.

Critical reading by Jean-Marc Joubert and Valérie Paul-Boncour of Michel Latroche's biography is acknowledged.
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After a post-doctoral position at ) when working in the group of Prof. J. Ibers, in 1989 he joined the CNRS in Meudon (FranceExecutive Officer at the CNRS French Research Network on Hydrogen Energy, Expert member at the International Energy Agency IEA-HIA Task 40, Vice-Chair of the Gordon Research Conference Hydrogen-Metal Systems and Secretary General of the International Steering Committee of the International Symposia on Metal-Hydrogen Systems, the world largest conference on hydrogen interaction with materials.