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Covid-19
Ɣ Faced with the exceptional demand for the
manufacture of custom-made respiratory
equipment related to the Covid-19 pandemic,
Dr. R. Bosc (IMRB, Créteil), in cooperation
with UPEC and the CHU Henri Mondor, developed by CAD a connector for a
commercial diving mask connectable to a mechanical ventilation system. The 3-D printers
of the CHU being unable to provide sufficient production, a call
for participation was launched to the various UPEC laboratories.
In this context, ICMPE lent a Zortrax M200 3-D printer to the
CHU Henri Mondor.

Distinctions
Ɣ We congratulate M. Latroche, ICMPE and M. Dornheim, Helmholtz-Zentrum Geesthacht, for their Science of Hydrogen &
Energy Awards 2020, received at the 1st International Symposium
"Hydrogenomics" & 14th International Symposium Hydrogen &
Energy, Sapporo, Hokkaido, Japan, on January 9, 2020.

Welcoming our new staff members
Ɣ Dr. J. Santos-Peña joins us as Associate
Professor attached to UPEC. He obtained
his Chemistry degree and pursued PhD
studies at the “Laboratorio de Quimica Inorgánica” of Cordoba University (Spain),
working on Li-ion battery (LIB) and supraconducting materials. After a postdoc at
the University of Nantes (Pr. T. Brousse)
working on LIB negative electrodes and 4
years in Spain (University of Balearic Islands and of Cordoba, with
a focus on nanomaterials and electrochemical impedance spectroscopy), he obtained in 2012 a Joint Université de Tours-CEA
“Chaire d’Excellence” to work on LIB, post-Li ion batteries and
supercapacitors materials and electrolytes. He joins the M2I department, focusing on post-Li ion technologies (Na, K, Ca…) and
aqueous cells, revisiting LIB materials of the team for these new
technologies, as well as developing original ones.
Ɣ We welcome Dr. M. Mateos, Assistant
Professor attached to UPEC. He graduated
from Ecole Normale Supérieure de Lyon and
Université Claude-Bernard Lyon 1. He received a PhD degree at the Institut de Chimie
Moléculaire of Université de Bourgogne
(ICMUB) in Dijon and pursued a post-doc at
the Laboratoire d’Electrochimie Moléculaire (LEM), Université de Paris. He will be
working in the M2I department, focusing on
solid-state Li-ion battery and V2O5-based aqueous battery.
Ɣ We also welcome Dr. J. Caillé (ATER at IUT of Vitry, C3M department), Dr. L.-A. Barel (Postdoc, C3M department) and Dr. R.
Poulain (ATER at IUT of Vitry, M2I department).
Ɣ We are proud to have among us 24 new PhD students as of November 2020, shared equally between the C3M and M2I
departments, some of them under co-supervision with the CEA,
ONERA or French and foreign universities (Australia, Senegal,
Mexico, China…).

ICMPE acknowledges contributions of its members in writing books, chapters and review articles
Ɣ A review on Metal (boro-) hydrides for high
energy density storage and relevant emerging
technologies to which participated C. Zlotea, F.
Cuevas and M. Latroche (IHM), in International
Journal of Hydrogen Energy, 2020 (online).

Scientific communication
Ɣ Upon invitation of the Regional Council of Ile-de-France,
S. Bastide participated on November 29, 2019 in a public round
table on "Network of nanosensors and functional materials: opportunities and challenges for a city of the future", during the closing
ceremony of Pr T. Cui's Blaise Pascale Chair (University of Minnesota, USA), at ESIEE Paris, COMUE Paris-Est.
Ɣ The research activities of the French-Australian Research Network IRN-FACES on hydrogen energy and electrochemical
energy storage have been recently highlighted in the 1st Edition of
the Hydrogen Watch Bulletin of The French Embassy in Australia.

Research Projects 2020
Ɣ ANR project Gem-Binucleophilic Linchpins for Orthogonal
Multicomponent Asymmetric Reactions (BILIOMAR), coordinated by E. Le Gal (ICMPE l) with IPCM (Sorbonne Université).
Ɣ ANR project HEA solutions for light armouring: from predictive
metallurgy to manufacturing optimised parts (SHIELD), Astrid
program, led by L. Perrière (ICMPE) with LSPM (U. Paris-Nord).
Ɣ Hybrid Processes based on photocatalytic nanocomposites and
ceramic membranes for pharmaceutical industrial effluent treatment (PHC Utique), coordinated by S. Mahouche-Chergui
(ICMPE), with LAGEP (Lyon) and LSME (Sfax, Tunisie).
Ɣ N6L-based nano vectors for targeted PANcreatic cancer THERapy (PANTHER), led by S. Belbekhouche (ICMPE), partner
IMRB (36 months project funded by INSERM).
Ɣ M-era.Net project Laser cladding as resource efficient manufacturing route for high temperature corrosion and wear resistant
coatings based on HEA (CladHEA+), with ICMPE-M2I (I. Guillot) as one of the partners and led by Fraunhofer-IWS (Germany).

Up-coming workshops and conferences
Ɣ The Hydrogen-Metal Systems Gordon Research Conference will be held in Les
Diablerets, Switzerland, June 27 - July 2, 2021.
Its vice-chair is M. Latroche of M2I department. Since 1981, the
"Hydrogen-Metal Systems" conference exposes the latest developments in all aspects of Metal-H interactions. The openness and
format of the conference make it an ideal environment to exchange
ideas and establish new collaborations.
Ɣ The French National Meeting on Thermo electricity is scheduled on November 19, 2020. This meeting
will be held this year by videoconference and will be
organized by the Institute Jean Lamour (IJL) under
the auspices of the Groupement d'Intérêt Scientifique Thermoélectricité. Contact: E. Alleno (Scientific Committee).
Ɣ The National Research Days of FRH2 on Hydrogen Production, Conversion and Storage
will take place in Aussois on January 18-22,
2020. The organization of the session on Storage is ensured by Neel-Grenoble and ICMPE (F. Cuevas).

NewsLetter
Editorial
Since January 1st, 2020, a new direction team has been set up at
the ICMPE, with significant organizational changes and the structuration into two departments: « Molecular Chemistry and
Macromolecular Materials » (C3M) and « Metallurgy and Inorganic Materials » (M2I). One such structuration aims at fostering
transversality and interdisciplinarity in our research, and to this
purpose, 11 thematic groups have emerged: for C3M, Electrosynthesis, catalysis & organic chemistry (ECCO), Nanostructured
polymers & surfaces (PSNano), Advanced macromolecular synthesis (SyMA), Bio-macromolecules & materials for sustainability
(Bio-M&Ms), Porous polymers, interfaces and composites (PICs);
for M2I, Hydrogen-matter interactions (IHM), Electrochemical
storage of energy: M-ion batteries (BattION), Design of alloys &
microstructures (CAM), Photo-electro-catalysis for energy & environment (PECEE), Magnetic & thermoelectrical properties
(PMT), Modelling & calculation (MC).
Despite the Covid-19 pandemic, several relevant scientific actions in which our laboratory is highly involved can be highlighted
this year : the MMCD Labex has been renewed for 5 years within
the FUTURE I-SITE of University Paris-East, the launch of a
French-Australian Research Network on energy storage and conversion coordinated by ICMPE for the French part, the success of
two ANR national projects led by ICMPE, as well as the participation to a M-era.Net European project.
All these achievements have been made possible thanks to the
continuous efforts of our permanent staff and students. Hopefully,
in the coming year our dynamism and creativity will bring further
innovative chemistry- and materials-based research to respond to
the challenges of our fast-evolving world.
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Energy Storage
An exploratory investigation of spinel LiMn1.5Ni0.5O4
as cathode material for potassium-ion battery
Batteries are considered as a promising option for stationary
energy storage system based on its flexibility of deployment with
low maintenance costs, large energy density, and long cycle life. The
idea of using K-ion batteries (KIBs) as a promising alternative to Liion batteries due to the high abundance and lower cost of potassium
carbonate, hence addressing the storage issues associated with all
types of renewable energy sources.
This work explores for the first time the feasibility of the high
voltage spinel LiMn1.5Ni0.5O4 (LMNO) oxide powder as a precursor
for preparing the vacant Mn0.75Ni0.25O2 (O-MNO) cathode material
for KIBs. The discharge of the O-MNO electrode in a potassium cell
is shown to produce irreversibly the Ni-substituted layered
K0.5Mn0.75Ni0.25O2 oxide (KMNO), with P3 rhombohedral
symmetry. About 0.3 K+ ion are reversibly exchanged from the host
structure of KMNO (specific capacity of 90 mAh g-1 at C/20) at a
voltage of 3.1 V vs. K+/K. Promising rate performance are observed
with an initial capacity of 60 mAh g-1 at C/5 and still 65% capacity
retained after 350 cycles which is the highest number of cycles ever
reported for a cathode material used in KIBs.

Daniel Grande, Director of ICMPE
Ivan Guillot, Deputy Director

A. Bhatia, J.-P. Pereira Ramos, N. Emery, B. Laïk, R.I. Smith,
R. Baddour-Hadjean, ChemElectroChem, 2020, 7(16), 34203428. Ê
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Congratulations to the C3M department for their
front cover of the N°12 issue of Synlett 2020.
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Interfaces structure and defects in directionally
solidified oxide-oxide eutectics

Nickel-catalyzed electrosynthesis of aryl and vinyl
phosphinates

Oxide-oxide eutectics are envisaged as potential candidates for
thermo-mechanical applications at high temperatures. Two ternary
systems are studied that both display a chinese script interconnected
microstructure, associating three phases, alumina, yttrium
aluminium garnet phase Y3Al5O12 or a perovskite phase SmAlO3,
and zirconia. At the atomic scale, most interfaces are semi coherent
and display topological defects that have been determined. Preferred
orientation relationships occur between constituent phases and vary
depending on the phases and the presence or not of zirconia.

The development of more and more sustainable chemical
processes has gained much attention in the past years due to the everincreasing awareness of environmental issues. Under the combined
impetus of electroorganic and mainstream chemists, organic
electrosynthesis, a non-conventional tool for alternative synthetic
transformations, has been recently subjected to a tremendous
development. In such an electrochemical approach, electrons are
employed as a green and non-toxic reductant or oxidant surrogates.
Since phosphinates derivatives are known as interesting phosphates
bioisosteres, the development of new synthetic approaches is
desirable. In this work, we describe the preparation of aryl and vinyl
phosphinates by C-P bond formation using a Fe/Ni sacrificial anode
and a nickel catalyst in an undivided cell under constant current
electrolysis. We show that alkyl H-phenylphosphinates can be
electrochemically reacted with aryl and vinyl bromides to afford the
corresponding aryl and vinyl phosphinates at room temperature with
satisfactory to good yields and the electrochemical process tolerates
a wide range of functional groups borne by the phenyl ring.

Water-soluble poly(3-hydroxyalkanoate) sulfonate:
versatile biomaterials used as coatings for highly
porous nano-metal organic framework

Understanding the catalytic role of early transition
metal hydrides on hydrogen sorption properties of
nanocrystalline Mg

Modification of unsaturated poly(3-hydroxyoctanoate-co-3hydroxyundecanoate) (PHOU) was implemented through two
successive photoactivated thiol-ene reactions to design watersoluble poly(3hydroxylakanoate) (PHA) containing ionic groups for
drug delivery applications.

Magnesium is a remarkable hydrogen storage element due to its
ability to reversibly absorb high amount of H2 at affordable cost.
However, its hydride MgH2 is too stable for room temperature
applications and reaction kinetics are rather slow. Our work provides
novel insights for the enhancement of Mg-H2 reaction kinetics
through a systematic study of the role played by hydrides of early
transition metals (ETM = Sc, Y, Ti, Zr, V, Nb) in nanocomposites
MgH2-ETMHx.

The curved interfaces between Al2O3 and ZrO2 nodules are
faceted and parallel to dense planes of both crystals or to dense
planes of Al2O3 (Fig. 1). The same features occur for Al2O3- SmAlO3
interfaces. The mean interface plane goes through the near
coincidence sites between the two lattices and the steps
accommodate the misfits (Fig. 2).
The variations in orientation relationships are related to the
formation of low energy interfaces. Moreover, these variations
reveal a simultaneous growth of the three phases. Finally, the good
flexural strength may result from the presence of cohesive
interfaces.

The first synthesis consisted of a chemical functionalization of
PHOU with sodium-3-mercapto-1-ethanesulfonate (SO3-) and
poly(ethylene glycol) (PEG) to introduce ionic groups and
hydrophilic moieties. Then, the grafted copolymers PHO(67)SO3(20)PEG(13) were used as biocompatible coatings of nano-metal
organic frameworks (nanoMOFs) surfaces. SEM and TEM analyses
coupled with energy dispersive X-ray characterizations of grafted
copolymers showed uniform coating of the nanoMOFs.
These coated nanoMOFs, stable in aqueous and physiological
fluids, were tested on murine macrophages J774.A1 to determine
their biological properties in particular cell proliferation and
cytotoxicity. PHA-based Nanohybrid MOFs revealed no cytotoxic
side effect, thus they would constitute a new generation of
biocompatible therapeutic nanovectors as innovating drug delivery
systems.

Hydrogen sorption studies demonstrate that ETM hydrides behave
as gates for quicker Mg hydrogenation by catalyzing surface
reactions and nucleation. Moreover, ETM hydrides ensure good
cycling stability by inhibiting Mg grain growth. As shown below,
among all studied ETM hydrides, TiH2 provides the best capacity
and cycle-life hydrogenation properties.

Reversible hydrogen uptake and cycling stability of
nanocomposites MgH2-ETMHx

S. Lartigue-Korinek, L. Londaitzbéhère, L. Mazerolles, J.
Mater. Sci., 2020, 55, 9184-9197.Ê

Farah Daili, Abdelhakim Ouarti, Marine Pinaud, Ibtihal Kribii,
Stéphane Sengmany, Erwan Le Gall, Eric Léonel, Eur. J.
Org. Chem. 2020, 23, 3452–3455. Ê
Contact : leonel@icmpe.cnrs.fr

Contact : sylvie.lartigue@icmpe.cnrs.fr
Past events
Ɣ ICMPE organized a one-day conference on Alkaline Earth Materials on 15 November 2019, with presentations by researchers
from the institute and the participation of the start-up Adionics.
Ɣ ICMPE hosted the 10th workshop Batteries Lithium en Île-de-France, organized by R. Baddour-Hadjean, J.-P.
Pereira-Ramos and G. Bernari, (M2I department) and H. Groult (Sorbonne Univ.) on December 12, 2019.
Ɣ A FERMI thematic day on The contribution of transmission electron microscopy to metallurgical
studies, organized by Ivan Guillot (ICMPE), took place at Chimie ParisTech on December 13, 2019. This day
marked the inauguration of the new transmission microscope installed at ENSCP.
Ɣ The French Embassy in Japan, IMN-Nantes and ICMPE conducted a web-meeting in the frame of the French-Japanese project
Management of renewable energies via hydrogen for stationary applications on October 10, 2020.
Ɣ Two web-meetings of the French-Australian Research Network IRN-FACES on hydrogen energy and electrochemical energy storage were held on September 23 and October 27, 2020 respectively. They were organized by IEMMontpellier, ICMCB-Bordeaux, Deakin Univ. - Melbourne, UNSW-Sydney and ICMPE. The IRN-FACES Network
launched on November 4, 2020 a Flash Call to support bilateral research initiatives on hydrogen energy and electrochemical energy storage. More info here.
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C. Jain-Beugel, X. Li, L. Houel-Renault, T. Modjinou, C.
Simon-Colin, R. Gref, E. Renard and V. Langlois,
Biomacromolecules 2019, 20, 3324-3332

P. Rizo-Acosta, F. Cuevas & M. Latroche, J. Mater.
Chem. A, 2019, 7, 23064 - 23075. Ê
Contact : cuevas@icmpe.cnrs.fr

Contact : langlois@icmpe.cnrs.fr

Ɣ The French Embassy in Japan, the CEA and CNRS (IMN-Nantes and ICMPE) conducted on October 10, 2020 a
bilateral video workshop on the Management of renewable energies via hydrogen for stationary applications, with the
participation of the Japanese Ministry of METI, the French Ministry of MESRI, AIST and several Japanese and French
academics (Yokohama National Univ., Tokyo Univ. of Technology, Yamanashi Univ., Tohoku Univ. and Tokyo Univ.;
CEA, Poitiers Univ., Franche-Comté Univ. and ICMPE).
Ɣ A French-German workshop on thermodynamics was held at ICMPE (J.-M. Joubert) on November 21-22, 2019
bringing together more than 50 members of the GdR TherMatHT and Deutsche Gesellschaft für Materialkunde.
Communications covered experimental/computational determination of thermodynamic quantities, Calphad modeling methods and applications on many inorganic systems (metallic, ceramic, glass...).
Ɣ J.-C. Crivello et J.-M. Joubert (M2I) participated in the organization and teachings of the summer school of the
GdR Thermodynamique des Matériaux Haute Température (TherMatHT), held in Porquerolles from October 5 to 9, 2020.
Ɣ The Annual Days of the GdR Alliages à Haute Entropie (HEA), which were to be held at ICMPE this year, have been transformed
(due to the Covid epidemic) into Days of the GdR PhD students. Held by videoconference on November 17 and 18, 2020 they were
a great success with more than 90 registrants, 30 PhD student presentations and a large audience up to the final discussion on the
preparation of future projects.
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program, led by L. Perrière (ICMPE) with LSPM (U. Paris-Nord).
Ɣ Hybrid Processes based on photocatalytic nanocomposites and
ceramic membranes for pharmaceutical industrial effluent treatment (PHC Utique), coordinated by S. Mahouche-Chergui
(ICMPE), with LAGEP (Lyon) and LSME (Sfax, Tunisie).
Ɣ N6L-based nano vectors for targeted PANcreatic cancer THERapy (PANTHER), led by S. Belbekhouche (ICMPE), partner
IMRB (36 months project funded by INSERM).
Ɣ M-era.Net project Laser cladding as resource efficient manufacturing route for high temperature corrosion and wear resistant
coatings based on HEA (CladHEA+), with ICMPE-M2I (I. Guillot) as one of the partners and led by Fraunhofer-IWS (Germany).

Up-coming workshops and conferences
Ɣ The Hydrogen-Metal Systems Gordon Research Conference will be held in Les
Diablerets, Switzerland, June 27 - July 2, 2021.
Its vice-chair is M. Latroche of M2I department. Since 1981, the
"Hydrogen-Metal Systems" conference exposes the latest developments in all aspects of Metal-H interactions. The openness and
format of the conference make it an ideal environment to exchange
ideas and establish new collaborations.
Ɣ The French National Meeting on Thermo electricity is scheduled on November 19, 2020. This meeting
will be held this year by videoconference and will be
organized by the Institute Jean Lamour (IJL) under
the auspices of the Groupement d'Intérêt Scientifique Thermoélectricité. Contact: E. Alleno (Scientific Committee).
Ɣ The National Research Days of FRH2 on Hydrogen Production, Conversion and Storage
will take place in Aussois on January 18-22,
2020. The organization of the session on Storage is ensured by Neel-Grenoble and ICMPE (F. Cuevas).

NewsLetter
Editorial
Since January 1st, 2020, a new direction team has been set up at
the ICMPE, with significant organizational changes and the structuration into two departments: « Molecular Chemistry and
Macromolecular Materials » (C3M) and « Metallurgy and Inorganic Materials » (M2I). One such structuration aims at fostering
transversality and interdisciplinarity in our research, and to this
purpose, 11 thematic groups have emerged: for C3M, Electrosynthesis, catalysis & organic chemistry (ECCO), Nanostructured
polymers & surfaces (PSNano), Advanced macromolecular synthesis (SyMA), Bio-macromolecules & materials for sustainability
(Bio-M&Ms), Porous polymers, interfaces and composites (PICs);
for M2I, Hydrogen-matter interactions (IHM), Electrochemical
storage of energy: M-ion batteries (BattION), Design of alloys &
microstructures (CAM), Photo-electro-catalysis for energy & environment (PECEE), Magnetic & thermoelectrical properties
(PMT), Modelling & calculation (MC).
Despite the Covid-19 pandemic, several relevant scientific actions in which our laboratory is highly involved can be highlighted
this year : the MMCD Labex has been renewed for 5 years within
the FUTURE I-SITE of University Paris-East, the launch of a
French-Australian Research Network on energy storage and conversion coordinated by ICMPE for the French part, the success of
two ANR national projects led by ICMPE, as well as the participation to a M-era.Net European project.
All these achievements have been made possible thanks to the
continuous efforts of our permanent staff and students. Hopefully,
in the coming year our dynamism and creativity will bring further
innovative chemistry- and materials-based research to respond to
the challenges of our fast-evolving world.
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Energy Storage
An exploratory investigation of spinel LiMn1.5Ni0.5O4
as cathode material for potassium-ion battery
Batteries are considered as a promising option for stationary
energy storage system based on its flexibility of deployment with
low maintenance costs, large energy density, and long cycle life. The
idea of using K-ion batteries (KIBs) as a promising alternative to Liion batteries due to the high abundance and lower cost of potassium
carbonate, hence addressing the storage issues associated with all
types of renewable energy sources.
This work explores for the first time the feasibility of the high
voltage spinel LiMn1.5Ni0.5O4 (LMNO) oxide powder as a precursor
for preparing the vacant Mn0.75Ni0.25O2 (O-MNO) cathode material
for KIBs. The discharge of the O-MNO electrode in a potassium cell
is shown to produce irreversibly the Ni-substituted layered
K0.5Mn0.75Ni0.25O2 oxide (KMNO), with P3 rhombohedral
symmetry. About 0.3 K+ ion are reversibly exchanged from the host
structure of KMNO (specific capacity of 90 mAh g-1 at C/20) at a
voltage of 3.1 V vs. K+/K. Promising rate performance are observed
with an initial capacity of 60 mAh g-1 at C/5 and still 65% capacity
retained after 350 cycles which is the highest number of cycles ever
reported for a cathode material used in KIBs.

Daniel Grande, Director of ICMPE
Ivan Guillot, Deputy Director

A. Bhatia, J.-P. Pereira Ramos, N. Emery, B. Laïk, R.I. Smith,
R. Baddour-Hadjean, ChemElectroChem, 2020, 7(16), 34203428. Ê
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Congratulations to the C3M department for their
front cover of the N°12 issue of Synlett 2020.
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