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When electronic instability couples to symmetry breaking

Eric Collet

1 Univ. Rennes, CNRS, IPR (Institut de Physique de Rentid4iR 6251, F35000 Rennes, France

Systems exhibiting electronic instabilities, such as spin state or efrangéer, may undergo phase
transitions related to change of electronic state, stabitigexiructural reorganization at the molecular and
lattice levels. For many systems, electronic bistability occurs without symmetry change. yenmoetry
breaking order parameter g monitoring the change of electronic state can couple to volume chdrige an
cooperative phase transitions.

Materials may also exhibit symmetbyeaking phase transitions, of various types such as Tsller
distortion, ligand ordering, spistate ordering, lattice distortion... The Landau theory of phase transition is
relevant for describing such ordering processes through the evolution of a syrmeetking order
parameted.

When both phenomena occur, rymmetrybreaking change of electronic state and symmetry breaking
can couple through the volume strain and may occur simultaneously or sequentially. This gives rise to rich
phase diagrams and sequences of phases of differemes: continuous, discontinuous, hysteretic, stepwise
(Figure bel ow)é

I will present how to use the Landau approach for a relevant description of synmeztkjng and non
symmetrybreaking electronic bistability. | will show different examples frém literature and discuss how
couplings explain various behaviours3JL The tuning of electronic instability with external parameter, such
as magnetic field for spin state, allows to take advantage of the coupling for controlling sy:mmeaking
propeties like ferroelectricity [4].
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Figure: phase transition exhibiting evolution of electronic state (green curves) of different natures:
continuous, discontinuous, hysteretic, stepwise, coupled or not to symmetry change (blue).
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Isomorphism in spin crossover complexes based on tripodal
ligand
Cuza Emmelyn¥?, Conan FrancoidgTriki Smail,

tUniversité de Bretagne Occidentale UMIIRS65216 avenue Le Gorgeu, Brest
2Ecole Normale Supérieure UMR8004, IMARyris

In recent years, spin crossover (SCO) complexes are undoubtedly the most studied
molecular systems among switchable materials thanks to their several potential applications,
in particular for the development of new generations of electronic desticesas memories,
molecular sensors and displays.

By far, the major part of the SCO materials, reported up today, are either cationic or
neutral, while the number of anionic systems are relatively very scarcely reported, despite
their potential interest sh as their ability to be associated to cationic functional complexes
to design new multifunctional materials. In this context, as part of our ongoing work on new
cooperative spin crossover systems, we have reported very recently the first anionic
polymorghs complexes (N(&s)4)[Fe(tpCOEL)(NCS based on
tris(pyridyl)ethoxymethane ligands (tpCOEtBoth structural and magnetic studies of these
compounds revealed the significant impact of the linearity of theotnd terminal
thiocyanato (NCS)igand onthe SCO characteristi€s.

In this contribution we report a magnettsuctural relationships of a new series of
isomorphic complexes [Fe(tpCOHf{Fe(tpCOEt)(NCE]]2, where the ligand field energy
can be chemically tuned using the NCE, Se,BH) pseudehalide anion$>*!
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Substrate-driven spin crossover in Fe(ll) heteroscorpionate
complex

Margaux PENICAUD, Lorenzo SQUILLANTINE, Lorenzo POGGIN Juan H. GONZALEZESTEFAN, Mathieu
GONIDEC!, Matteo MANNINP, Patrick ROSA, Emilio VELEZ-FORT.

1Univ. Bordeaux, CNRS, Bordeaux INP, ICMCB, UMR 50283600 Pessac, FrancEmail: margaux.penicaud@icmcb.cnrs.fr
2Department Industrial Engineering and INSTM Research Unit, Universfooénce, Sesto Fiorentino, Italy.
SEuropean Synchrotron Radiation Facility, 71 Avenue des Martyrs, 38043 Grenoble, France

Fe(ll) based SCO complexes, showing a diamagnetic and a paramagnetic state, have been proposed to kb
employed imolecular electrowiand in multifunctional spintronic devices. The assembly of SCO molecules
on a solid support ithe fundamental first step before any device fabrication: for this scopesdginm
sublimation deposition allowsbtaining high quality hanometric films, Wita good control of the final
thickness. Disadvantages of this approach tat it is limited mostly to neutral SCO complexes, and of
those only a few can be heated up to the sublimé&tioperature without thermal degradation. Moreover, in
nanostructureé SCO complexes, the interaction with the surfeae bring the system in a total or a partial

loss of SCO properties, due to a strong interaction with the suBstrateeto a partial degradation of the
molecular structufe In order to avoid surface effects, using nometallic, weakly
interacting substrates like HOPG might be a winning strategy: indeed, a SCO complex in direct contact with
HOPG retaining its switching properties has been repdrté¢e will present the nanostructuration of a
Ahet armpo DIRED emplex, [Fe(HB(pz)dmpz)}] (pz=pyrazole, dmpz=3,5dimethylpyrazole) that

has been sublimated in higacuum on a HOPG surface and on Gold single crystal (Au(111)).

200 300 1/x 400

Figure: Left: crystal structure of [Fe(HB(pz)2(dmpz))2] at 120K obserethgb axis. Right: Magnetic
susceptibility measured by Vibrating Sample Magnetometry (VSM) on the microcrystalline powder of the complex.
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Dielectric relaxation in SCO materials analyzed using the
Havriliak -Negami model

lon Soroceant?, SimonalLacramioara Lupy lonela Rust) Adrian Graut, Eugen CoceMario PiedrahitaBello?,
Lionel Salmonr, Gabor Molnaf, Azzedine Boussekséand Aurelian Rotaru

IFaculty of Electrical Engineering and Computer Science, Stefan cel Mare University, Suceava 720229, Romania,
E-mail: ion.soroceanu@usm.ro
2LCC, CNRS and Université de Toulouse8¥077 Toulouse, France,,
E-mail: ion.soroceanu@Ictoulouse.fr

The complex dielectric permittivity of a series of spin crossover complexes, with variable &gackiometry

[Fe(Htrz) + y(trz)2 1 (NHatrz),](BF4)y-nHO (x= 07 0.3), has been investigated as a function of temperature and
pressure in a wide frequency range3]1In each compound, a substantial drop of the conductivity and permittivity is
evidencedvhen going from the low spin to the high spin state, albeit with decreasing amplitude for increasing ligand
substitution (i.e. for increasing x). The deconvolution of the dielectric spectra using the HaMelggmi equation

allowed to extract the dipoknd conductivity relaxation times, their distributions as well as the dielectric strengths in
both spin states. Remarkably, the permittivity and conductivity changes between the high spin and low spin states are
amplified at the corresponding relaxatioaduencies.
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Effet de | a r®duction en tai
bleu de Prusse sur leurs propriétés de commutation

Grégory BALTHAZAR!, Anne BLEUZEN, Giulia FORNASIER}

'Equipe Chimie Inorganique, Institut de Chimie Moléculaire et des MatédadxOr say, Uni versit®
Orsay, FRANCE

Les analogues du bleu de Prusse, des polymeéres de coordination de formule cilhjfjus 6 ( ¢fz(AvEc
M et MO des m®taux de transitions et C cations ¢

peuvent pr®senter des propri ® ®s de commutati on
| 6i nfl uence doWwmnst iumulcwsn textt@r iodaurl.a n®cessi t®
| 6i nformation est de plus en plus i mportante, c
candidats int®ressants pour | 6® aboration de nou

Les premi res ®tudes de nanocompo s i-fér dusbleccde Rrussen a n t
de 5nm de diamétre ont montré que les nanoparticules de ces composés présentaient effectivement de

propriétés de commutation, mais aussi une strucaune p i ¢ u | i -coqeille.d éstespecesha la surface

de |l a particule diff rent doéun point de vue chi
habituell ement synth®tis®es (dont | aespi ktles det
sont | argement majoritaires et dominent | es pr o]
surface/ volume augmente et | 6on ne peut plus n®:

un role dans le compeantnent magnétique des particules.

La modi fication de |l a composition chimique ~ | a
du bleu de Prussecobélter , dans | e but doéen d®terminer | 06inf
abordée dans le travail présenté.

RbCoFe CoFe NanoRbCoFe ManoCoFe
100-150 nims " 200-250 nirm

5.5 nm, 5.5 mm

Surface Co'Fe, v=219026 cr!
B corecotFen, v =216046 cm, a=10.3540.05 A
B core CotFe vi=212546 em?, a=9.96+0.05 A

Figure: Schéma de la structure proposée pour les nanoparticules &oFe
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Magnetic anisotropy exaltation by a twestepsurface
functionalisation of superparamagnetic maghemite nanoparticles

Leonardo CURTF, Delphine TALBOT?, Vincent DUPUIS?, Edwige OTERG, Philippe OHRESSER Christophe
CARTIER DIT MOULIN %, Marie-Anne ARRIO*, Philippe SAINCTAVIT34 Jérome FRESNAI§ Benoit
FLEURY !and Laurent LISNARD

Linstitut Parisien de Chimie Moléculaire / IPCM, CNRS, Sorbonne Université, 75005, Paris, France.
2 Physicochimie des Electrolytes et Nanosystémes Interfaciaux / PHENIX, CNRS, Sorbonne Université, 75005, Paris, France.
3Synchrotron SOLEI L, L-Auldrm, Gifsur-dvette, 9OM®@2r Framde.e r s, Sai nt
4 Institut de Minéralogie, de Physique des Maték et de Cosmochimie / IMPMC, CNRS, Sorbonne Université, 75005,
Paris,France.

Superparamagnetic iron oxides nanopatrticles (SPIONs) have been thoroughly investigated and their properties lead to
a plethora of multidomain applicatiod$A fine tuning d the magnetic anisotropy (MA), which shapes their properties,
appears then essential. To this end, the surface of the nanoparticles represents an attractive playground for coordinatiot
chemists considering its strong contribution to the systems MZad et al.* demonstrated that the grafting of
magnetic complexes to a SPION gives a massive improvement of the magnetic properties, with the only limit being the
aggregation of the NPs. To tackle this issue and boost the MA we report here a new appgasgh gFequential

surface coordination of Co(ll) ions and Co(ll) complexezE&Os; NPs. In this hybrid, an increase in MA is observed

if compared to the bare NPs and to the NPs functionalized respectively with Co(ll) ions or with Co(ll) complexes,
proving the efficacy of our approach.

[Co(TPMA)CI,]

v-Fe,O.,@{Co}

Y-Fe,0,@{Co(TPMA)}
-1000 0
H

-80

v-Fe,0,@{Co)}@{Co(TPMA)}

Figure: Schematic representation of the tatep sirface functionalization of SPIONs and magnetization versus
field curves for the different nano systems at 5 K.
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Matériaux commutables viscoélastiques

M. Kermarreé, C. Charled T. Aubry’, J. Ville’, C. J. GémeZGarcid, S. TrikP

a- Univ. Brest, CEMCA, UMR 6521, UBO, 6 Av. V. Le Gorgeu, CS 928288 BREST Cedex 3,
matthieu.kermarrec@unibrest.fr
b- Univ. Brest, IRDL,UMR 6027, UBO, 6 Av. V. Le Gorgeu, CS 9283738 BREST Cedex 3.
c- Department of Inorganic Chemistriyniversity of Valencia, C/José Beltran, 2, 46980 Paterna (Valencia) Spain

A ce jour, de nombreux matériaux commutables ont été synthétisés et décrit dans la littérature. Un
enjeu important de cette famille de matériaux reste la mise en forme pouint&grations dans des
dispositifst. Pour ce faire une stratégie explorée dans la littérature consiste a introduire des nanoparticules a

transition de spin dans une matrice polyriére Ce pendant , | 6i mpact des pr o]
propriétésphysiques (conductivité, luminescence, phénoménes élettpinotea c t i f s, €) des
organiques sur | es propri ® ®s de transition de s

polyméres en présence de polyméres de coordnatido t ransition de spin sobe
innovante conduisant aux premiers matériaux coopératifs et viscoélastiques.

BN

Lors de cette présentation, nous présenterons des systémes obtenus a partir de la chaine de
coordination [Fe(Htrz[trz)[BF) (Htrz = triazole) dispers®e dans
polym re sur |l es propri ®t ®s magn®ti ques et | 6
viscoélastiques du systéme seront discutés.
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Accurate Prediction of the High-spin/Low-spin

Energy Difference in Fe(ll) Complexes
Gheorghe PAVELIUCLatévi Lawson Max Daku,

Université de Genéve, Sciences I, Quai Ernest Ansermet 30, 1211 Genéve, Suisse

Although DFT has proven to provide an efficient framework for the study of SCO systems, a complete characterization
of SCO within DFT remains hampered by the inability of available approximate density functionals to accurately predict
the HSLS energy difé r e nEyeHoaver, from basic thermodynamic considerations, current DFT methods have
been shown to give accurbBuw e &Ed snismriesaftcenplexes of TiMHoa. Theeefore,a t i ¢
they can be applied to the accurate determinatiosEpf in such a series of complexes, provided that its value is
accurately known in one case.

The authors report the application of this approach to the determination of th&tatpirenergetics of a series of
homoleptic tris-diimine Fe(ll) 31* complexs whose electronic ground states and magnetic behaviors are
experimentally wekcharacterized,using as reference complex [Fe(NG)f or whi ch an ad&gur at e
based on higthevel coupleecluster calculations is availableDifferent semilocal and hybrid functionals were used,
combined with a large basis set. The CASPT2 method, which also suffers from the Tathgpienergetics isstigjas

also employed using a minimal (6,10) and the canonical (10,12) active space éngénaasis sets. None of the DFT

and CASPT2 results obtai ne &y ih the stutidd eseries iofr congplexesdagreeewitmi n a
experi ments. H o w Ewv) ealuestexhibit adveatt depemdncesdn the method used; and in thé case o
the CASPT2 method, the choice of the ionization potestedtron affinity shift hardly influences the calculated

o B) values. For both the DFT and Ef)vaueGultie AcZurateedstimated s

o f Enan [Fe(NCHY]** give s e st i Biainh the diimirfe camplexes which are in excellent agreement with
experiments. These r esul tEs) apwoadh as alpewertl taoldor theschaeattdrizatioh i n ¢
of the spinstate energetics of SCO compounds andHfem-silico design of novel complexes.
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Figure 1: HSLS energy differences in [Fe(bp}) and [Fe(dafa)?* obtained by CASPT2
calcul ations (Left Ew)appmactf Ri ght ) using t he
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Orbital Energy Alignment in Early Transition Metal 2D
Coordination Solids
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Two dimensional (2D) materials, such as grapReaad transition metal disulfidés have been in the

center of immense attention in the last years, due to their extraordinary properties. However, all these
materials have certain shortcomings, which hinder their involvement in specific applications and make the
design of more advanced&ondgeneration 2D materials more relevant than ever.

Among the different alternatives, metalganic networks have gained increasing attention. In such
complexes, tuning the orbital conjugation between transition metal ions and bridging organicididgeyds

for the engineering of their physical properties and consequently, for the appearance of electrical
conductivity and strong magnetic interactiGhs.

In this communication we present the synthesiscdmadacterization of the isostructural 2D cooation
solids TiCk(pyz) and VCk(pyz). (pyz = pyrazine). Whilst VG{pyz). is an electrical insulator, Tigpyz),
displays metallic conduction and one of the highest observed electrical conductivity values (+pf& cm
any coordination solid based ontahedrally coordinated metal ions. Nevertheless,(g%t). displays an
unprecedentedly high Néel temperature (~120 K) for a neutral pysaagesl coordination solid, which is
ascribed to a good orbital overlap of the constituents.

Acknowledgments: |.Oyarzabal is grateful to the Basque Government for a postdoctoral grant and
to the IKERBASQUE foundation. This work was supported by the University of Bordeaux, the
R®&jion Nouvelle Aquitaine and the CNRS.
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Lanthanides and actinides organometallics

Maxime Tricoird, Thomas Simlér Nolwenn Mahiet; Grégory Noctoh

ILCM, CNRS, Ecolpolytechnique, Institut polytechnique de Paris, Route de Saclay, 91120 Palaiseau, France

Organometallic complexes ofelements are an interesting class of organometallic compounds that have
been developed in the 1950 0 eathmdn theiht@valentrandvdivateat n ¢ e
states as well as many of the actinidé® applications for such compounds are numerous for single electron
transfer reactivityand small molecules activation as well as because of their optical and magrpeiti@so

their SingleMoleculeMagnet behavior have impressed with record blocking temperdtdditionally,

very original magnetic behaviors have shed light on their intriguing bonding Adkleevill present a short
overview of our methodology for the synthesis of organometallic complexes with very original géometry
and in which the oxidation state is not trivial to assess because of the development of intermediate valent
electronic statesThe magnetic data is used as a guide for a better understanding of their bonding and has
led to the report of several compounds featuring SMM propérties.

Figure: Tm organometallic complexes with the Cot (cyclooctatetraenyl) and the Cnt (cyclonomatitigand.
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Fluoride-based magnetic metabrganic frameworks for CO;
capture and sequestration
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SIKERBASQUE, Basqgue Foundation for Science, 48009 Bilbao, SESRFThe European Synchrotron, Grenoble,
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With carbon dioxide (C€) being the largest contributor to greenhouse gas emissions, thdseaestigcial

need in todayds society to eff etranibetteenwyronmentplandr e ¢
industrial perspectives. Existing carbon capture technologies are simply too expensive to be practical.
Meanwhile, the development of négchnologies that imprison Gét low concentrations from gas mixtures

in an efficient method is still a major challenge faced by researchers.[1,2] Regarding this matter, metal
organic frameworks (MOFs) have been viewed as emerging materials that camieadi engineered to
possess high thermal robustness and appealing physisorption properties in order to greatly improve the
energy efficiency of small molecule gas separation.[3] Following this avenue, novelitmegsional

MOFs of the unit formula Cpfyz)MFes (M = Ti, Ir, Os) with critical pore sizes for GOapture have been
synthesized and structurally characterized by single crystay diffraction. By incorporating paramagnetic

MFs units, the promotion of magnetic coupling between the spin camias achieved, which lead to the
stabilization of magnetically ordered phases. This presentation will discuss the facile and efficient
methodology towards developing these magnetic MOFs andi@0rption studies using these materials.

Figure: View ofthe porous 3D structure of [Cu(py&)Fs] compounds with imprisoned G@olecules.
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Prussian Blue seHassembled nanochains for theranostics
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Cancer is one of the leading causes of death worldwide. Widespread research is being conducted to develoj
novel and efficient theranostic nanoplatforms. Prussian Blue, thekm@ln ancient pigment, is an FDA
approved material commonly used for radionigielelecontamination that offers new promising applications

in the field of nanomedicine. PB nanoparticles act as photothermal therapeutic (PTT) agents absorbing in the
NIR as efficiently as goldbased nanostructures. These microporous-sitrall PB nanopéicles display
enhanced T4wveighted MRI contrast and Photoacoustic imaging. [1] A major drawback of using
nanoparticles for therapy is that si® nm particles may be prematurely cleared out while larger
nanoparticles cannot be renally eliminated and mctated inside the body, causing s&féects. Our goal

has been focused on new activatable-astfemblies of ultrasmall particles that could be retained within the
tumor for a longer time compared to the bare 5 nm particles, and may be cleared out.

We report in this communication a surfactdrge green method of creating stable 1D nassemblies of
ultrasmall Prussian Blue nanoparticles around 100 nm in water [2]. These nanoplatforms could be post
coated with different polymers to provide miflinctionality. Anti-cancer drugs like doxorubicin can be
loaded onto these assemblies with a high encapsulation efficiency. Moreover, these Prussian Blue
nanochains show both temperature andiptiggered release, that can be used as a the argsted
treatmeat. This combination of photand chemotherapy in these new sasifembled nanochains may be
extrapolated to other drugs and therapies. They reveal enhanced MRI contrast as compared to the ultrasmal
particles and open interesting perspectives for multahthebranostics.

Acknowledgments: This work was funded by DIMRESPORE (201:2022).

References:
1. L. Fétiveau et alChemComm2019 ,55, 1484414847
2. R.George et al, under progress



Complexes heptacoordinés chiraux de Mn(ll) eEe(ll)
comme brigues de construction de systemes
hétéromeétalliques linéaires
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La coordination de ligands pentadentes aux iénd'eét Fper met | 6 obtenti on de c«
bipyramide pentagonale caractérisés par de fortes anisotropies maghétiqaesbustesse structurale de
cescompos®s permet de Il es utiliser comme briques

présenter des propriétés SMM ou StMDans le cadre de mes travaux de thése, nous avons cherché a
implémenter de la chiralité au sein de ces complexesafiéaliser des nareimants chiraux. Pour de telles
syst mes chiraux, une synergie entre | édanisotr oy
permet | 6®mer gence °% Panpcet présentatiod) moupilustrerorntsenadmarche e s

et discuterons quelques édifice®Ichiraux obtenus (Fig. 1). Les propriétés optiques et magnétiques des
composés seront présentées.

Figure:Vue de |l a chiralit® mol ®cul aire “ROYIN(@EQJee!| | e
[Fe(LS9][Ni(CN) 4]
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New linear sandwich complexes of divalent and trivalent
lanthanides
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Many different aplications of rareearthbased compounds originate from their unique physical properties:
strong spirorbit coupling, large magnetization and choreodfitals! To enhance these properties for
specific applications, the synthesis and characterizatioewfanganometallic compounds of divalent and
trivalent lanthanides is the key to obtain a larger scope of properties aside to tHenowmeill
cyclopentadienybased ligand$In the case of-Element based Single Molecule Magnet, Rinehart and Long
rationalizd the influence of the ligand field tuning on the magnetic anisotropy of such compounds.
Following their concept, the record blocking temperature of 80 K was achieved with a close to linear
sandwich complexes of Dysprosidr@onsidering that large aronm@tings, such as cyclooctatetraenyl (Cot)

and cyclononatetraenyl (Cnt) ligands were recently presented as interesting tools to prepare linear complexes
of lanthanides,this presentation will focus on the synthesis and magnetic characterization of atmtdiv
[K2(CotxTm] complexes, as well as the (Cot)Ln(Cnt) series (Lh = Th, Dy, Ho, Er, Tm, Lu), which presents
an interesting distortion of the Cnt ligand along with the size of the lanthaniéle ion.

Figure: Schemed representation of the sizducedhapticity switch in the (Cot)Ln(Cnt) series
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Chiral multifunctional molecules based on
helicenelanthanide complexes
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Preparing molecular magnets with additional features such as conductivity;rehotigity, and optical
properties is an exciting goal for scientists and a key challenge in modern mategiate'scCombining
magnetism and chirality in molecules also furnishes a beautiful demonstration of how powerful is the
association of physics and chemistry fields to bupdnew multifunctional molecules giving rise to new
phenomena like the Magne&hiral Dichroism (MChDY Lanthanide ions are able to retain their
magnetization in a given direction, thus generating a special class of-Biolgleule Magnet (SMM) thanks

to their specific magnetic and optical properti#ge reasoned that the combinatidrchiral organic ligand

with a given f element may lead to an attractive and unusual example of SMM molecules merging chiroptical,
luminescence, and magnetic properti¢delicenes are polycyclic aromatic compounds with nonplanar
screwshaped skeletons foed by orthefused benzene or other aromatic rings, and can be regarded as
valuable inherently chiral building blocks for reaching intense chiroptical propéhti¢kis context, a new
family of enantiopure heliceAgased ligands was prepared and theinglexation with various lanthanide

ions was performed. Chiral ytterbium complex (Figure 1) allows for the first time the investigation of MChD
through NIR light absorption, along with an intense Circularly Polarized Luminescence (CPL) activity in the
NIR region®

Helicene Lanthanide
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Fig. 1: Co-existence of SMM, MChD, and CPL properties in enantiopure ytterbium complex based helicene ligand.
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Computational EPR Spectroscopy
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This tutorial is dedicated to the application of quantum chemical tools based on Density Functional Theory
(DFT) combined with the use of Electron Paramagnetic Resonance (EPR) spectroscopy for the
characterization of molecular compounds related to bioinorganic chgniistrcombining theory and
experiment, we usually aiat determinng the structural and the dynamic features of the entities in order to
find out the optimal conditions to set up the best model systems for reactivity and catalysis plmposes.
addition, seh mixed approach allows® establish specific relationships connecting the structures, the
properties and the reactivities of the specidgch canultimately serve as a basis for predicting geometries,
probing structures (in enzymes) and developing mgatems (in catalysis or biochemistryi this
presentation, we will present some practical exanguapling theoretical methods with experimental ones
like those involving continuowwave and pulse EPR techniques (ip identify unknown speciegi)
rationalize their molecular properties afiif) determire magnetestructural correlations.

Figure:Combing quantum chemistry and EPR spectroscopy.
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