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Magneto-chirality and symmetry

Geert RIKKEN

Laboratoire National des Champs Magnétiques Intenses

Contact: geert.rikken@Incmi.cnrs.fr

Basically, chirality is the absence of mirror symmetry in a material or system, and magnetism
corresponds to an absence of time reversal symmetry, two of the most fundamental symmetries in
naturel. Each absence of symmetry leads to a class of specific physical phenomena. In the optical
domain, chirality leads to the well-known optical activity and natural circular dichroism, whereas
magnetism leads to the Faraday effect and magnetic circular dichroism. The simultaneous absence
of both symmetries corresponds to a distinct case, which allows for the expression of a separate
class of phenomena. This class is expressed in the optical domain in the form of magneto-chiral
anisotropy, and in many other domains, like electrical and thermal transport, which only recently
have been explored.

In this talk | will briefly discuss the underlying symmetry arguments and review existing and
potential expressions of magneto-chiral effects?.

REFERENCES:

1. Jean Sivardiere, Symétrie et propriétés physiques, EDP Sciences 2004

2. Matteo Atzori, Cyrille Train, Elizabeth A. Hillard, Narcis Avarvari, and Geert L. J. A. Rikken,
Magneto-Chiral Anisotropy: from fundamentals to perspectives, Chirality 2021,
http://doi.org/10.1002/chir.23361

KEYWORDS: Chirality, Magnetism, Magneto-chiral anisotropy...
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Second-Order Nonlinear Chiroptical/Magneto-Optical
Techniques

Vincent Rodriguez

Institut des Sciences Moléculaires, Univ. Bordeaux, UMR 5255 CNRS.
Contact: vincent.rodriguez@u-bordeaux.fr

The detection of molecular and supramolecular chirality remains an important issue in a broad
range of physical and chemical sciences. In practice, the detection and quantification of chirality is
done with standard chiroptical methods such as optical rotation dispersion (ORD), circular
dichroism (CD), circular polarization luminescence (CPL). Yet, a drawback of these methods lies in
their rather low sensitivity (< 10) such that chiral discrimination remains in some cases a
challenging task.

In a first part, | will present recent results involving Inverse MagnetoChiral (IMCh) Birefringence in
(a)chiral liquids, known as the Inverse Faraday effect (IFE) which is an all optical excitation process.?
We have recently shown that, using a tunable picosecond laser source (700-2000 nm), Inverse
Faraday effect (IFE) enables to obtain equivalent longitudinal magnetic flux densities in liquids in
the range of 1-100 T with average optical pump power ranging typically between 100 pW to 10
mW. | will present an original all-optical method, that combines the inverse Faraday effect to
measure the Faraday rotation angle (Faraday effect) and determine the Verdet constant of
diamagnetic achiral and chiral liquid solutions. Finally, | will also emphasize the Verdet constant of
chiral molecules exhibit large enantiomeric difference as at least +18.5% in the case of carvone at
775 nm and -10.0% in the case of a-pinene at 700 nm.

In a second part, | will present original and recent results obtained with hyper-Rayleigh scattering
(HRS) in chiral liquids, a two-photon excitation scattering technique that offers quite different
contrasts than classical chiroptical techniques. Hyper-Rayleigh scattering has long been predicted
to be sensitive to the optical activity of chiral media. Recently, we have reported for the first time
hyper-Rayleigh optical activity (HROA) from supramolecular organic systems, using volume less
than 60ul.2 | will show that any chiral liquid media exhibit large HROA contrast, for example as high
than -6.3% for carvone and +17.3% for a-pinene. | will also show that HROA polarized responses,
using only incident linear polarization, are characterized by symmetric and asymmetric terms which
are, respectively, at the origin of the enantiomeric differences but also chiral optical activity
differences, using +45° and -45° linear polarization excitation. So far, no theory is able to explain
these differences.

REFERENCES:

1. V.Rodriguez, D. Verreault, F. Adamietz, A. Kalafatis, ACS Photonics, 2022, 9, 7, 2510-2519.

2. D. Verreault, K. Moreno, E. Merlet, F. Adamietz, B. Kauffmann, Y. Ferrand, C. Olivier, V.
Rodriguez, J. Am. Chem. Soc. 2020, 142, 257-263.

KEYWORDS: Nonlinear optics, Optomagnetism, Chirality, Inverse Faraday effect, Hyper-Rayleigh
optical activity
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Harnessing chiral lanthanide complexes for room
temperature molecular ferroelectrics and magnetoelectric
coupling

Jérébme Long

Institut Charles Gerhardt Montpellier, Péle Chimie Balard Recherche, 1919 route de Mende, 34293
Montpellier Cedex 5 France
Institut Universitaire de France (IUF), 1 rue Descartes, 75231 Paris Cedex 05, France
Contact: jerome.long@umontpellier.fr

Coordination chemistry of lanthanide ions allows the tailored design of multifunctional
molecule-based materials in which properties are gathered into a single molecular system.
Yet, taking advantage of the multifunctional character in future applications will imply the
presence of a strong interactions between the properties.

We describe the design of chiral lanthanide Schiff base complexes with a high degree of
functionality, combining magnetism, optical activity, and lanthanide luminescence.
Remarkably, these molecular systems
behave as ferroelectrics surpassing the Curie
temperature of BaTiO3z by 180 K, making them
the highest temperature working molecular
ferroelectric reported to date. Furthermore,
we demonstrate the presence of a strong
room temperature magnetoelectric coupling,
resulting from the association between
ferroelectricity and magneto-elastic
interactions [1].

REFERENCES:

1. J.Long, M. S. Ivanov, V. A. Khomchenko, E. Mamontova, J.-M. Thibaud, J. Rouquette, M.
Beaudhuin, D. Granier, R. A. S. Ferreira, L. D. Carlos, B. Donnadieu, M. S. C. Henriques, J.
A. Paixdo, Y. Guari, J. Larionova, Room temperature magnetoelectric coupling in a
molecular ferroelectric ytterbium(lll) complex, Science 2020, 367, 671.

KEYWORDS: Lanthanide ions, Ferroelectrics, Magnetism
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Spin texture in a chiral langasite: experiment and theory

Julien Robert!, E. Constable'2, Virginie Simonet', Rafik Ballou®,
A. Cano', C. V. Colin', S. deBrion', L. Chaix'

1 Institut Néel, CNRS & Univ. Grenoble Alpes, Grenoble, France
2 Institute of Solid State Physics, Wien, Austria

Contact: virginie.simonet@neel.cnrs.fr

Iron langasites are model system that allowed to study structural and spin chirality and the
relationship between them [1,2]. In this presentation, | will show the consequences of chirality on
the multiferroic properties of this compound, associated to a very long wavelength spin texture,
evidenced experimentally under magnetic field [3]. Il will also present a new theoretical study based
on the minimal ingredients identified in these compounds, including magnetic frustration and
Dzyaloshinskii-Moriya interaction, that predict novel spin textures and topological objects built
upon the chirality vector [4].

REFERENCES:

1. K. Marty, et al. Physical Review Letter, 2008, 101, 247201
2. L. Chaix, et al. Physical Review B, 2016, 93, 214419

3. M. Ramakrishnan, et al. npj Quantum Materials, 2019, 4, 60
4

J. Robert, et al. in preparation

KEYWORDS: Chirality, Magnetism, topology
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From high field MRI contrast agents to chirality detection
— NMR studies in molecules at LNCMI

Steffen Kramer

Laboratoire National des Champs Magnétiques Intenses (LNCMI), Univ. Grenoble Alpes, INSA
Toulouse, Univ. Toulouse Paul Sabatier, EMFL, CNRS, Grenoble, France

Contact: Steffen.Kramer@Incmi.cnrs.fr

Nuclear magnetic resonance (NMR) is a widely used technique for studying the
static and dynamic properties of matter at the microscopic level. In addition to a
long-standing NMR activity in solid state physics, the application of NMR at the
LNCMI has recently been extended to molecular compounds. First, we developed a
platform to characterize possible contrast agents for magnetic resonance imaging
(MRI) based on lanthanide molecular magnets using 'H-NMR up to ultra-high
magnetic fields (33T / 1.4 GHz). Second, we started a first experimental attempt to
directly detect chirality in molecules by NMR. For both projects, scientific goals,
instrumental challenges and results are presented and discussed.
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Magneto-Chiral Dichroism in Transition metals-based
Molecules and Materials

Matteo Atzori, Maria Sara Raju, Kevin Paillot, lvan Breslavetz, Geert Rikken and Cyrille Train

Laboratoire National des Champs Magnétiques Intenses (LNCMI), Univ. Grenoble Alpes, INSA Toulouse,
Univ. Toulouse Paul Sabatier, EMFL, CNRS, Grenoble, France
Contact: matteo.atzori@Incmi.cnrs.fr

Magneto-Chiral Dichroism (MChD) is a fascinating but scarcely investigated manifestation of
light-chiral matter interaction that manifests when chiral systems are placed in a magnetic field. It
features an unbalanced absorption or emission of unpolarized light that depends on the relative
orientation of applied magnetic field and light wavevector and the absolute chiral configuration of the
system.”? Its relevance is related to potential technological applications, such as the optical read-out
of magnetic data, and its possible implication as a mechanism for the emergence of life homochirality.

With this talk | will provide an
overview of the most recent results
we have achieved on this topic, that
are aimed at understanding the
microscopic parameters and the
chemical ingredients that are key to
observe strong MChD responses. |
will present the MChD observed up to
ca. 40 K in two heterometallic chiral
molecular ferrimagnets,®* the key-
role of spin-orbit coupling in driving
MChD signals in a single-chain
magnet based on tetragonally
distorted Mn"" ions,® and the MChD
response of a 3d-4f chiral cluster
made of Ni" and Dy" ions.®
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Figure: View of a portion of the molecular structure of one
investigated Mn"" 1D chiral compound (middle),
corresponding MChD signals observed by irradiation with
visible light (left) and comparison between the intensity of
optical and magnetic data.

Finally, 1 will present the first comparison between experimental MChD spectra and those
theoretically calculated through ab-initio calculations, showing the fundamental role of vibronic
coupling in enhancing the intensity and determining the shape of the MChD signals of chiral Ni
complexes,’ as well as further experimental results compared to calculated MChD spectra.?

REFERENCES:

PN AWN =

G. L. J. A. Rikken, E. Raupach. Nature, 1997, 390, 493.
M. Atzori et al. Chem.: Eur. J. 2020, 26, 9784.

M. Atzori et al. J. Am. Chem. Soc. 2019, 141, 20022.
M. Atzori et al. J. Mat. Chem. C. 2022, 10, 13939.

M. Atzori et al. J. Am. Chem. Soc. 2020, 142, 13908.
X.Wang et al. J. Am. Chem. Soc. 2022, 144, 8837.

M. Atzori et al. Sci. Adv. 2021, 7:eabg2859.

M. S. Raju et al. unpublished results.

KEYWORDS: Chirality, Magnetism, Coordination Chemistry, Spectroscopy.
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Magneto-Chiral Dichroism in Ytterbium Coordination
Complexes

F. Pointillart,? K. Dhbaibi,® M. Grasser,? F. Riobé,? O. Maury,® B. Baguenard,® O. Cador,? C. Train,¢
B. Le Guennic,® M. Atzori,? J. Crassous?

@ Univ Rennes, CNRS, Institut des Sciences Chimiques de Rennes — UMR 6226, F-35000 Rennes, France
5 Univ Lyon, Ens de Lyon, CNRS UMR 5182, Université Claude Bernard Lyon 1, Lyon, France
¢ Univ Lyon, Université Claude Bernard Lyon 1, CNRS, UMR 5306, Institut Lumiére Matiere, 69622 Lyon, France
9 Univ. Grenoble Alpes, INSA Toulouse, Univ. Toulouse Paul Sabatier, EMFL, CNRS, Grenoble
Contact: fabrice.pointillart@univ-rennes1.fr

The design of non-centrosymmetric molecular magnets is of paramount importance since the
absence of an inversion centre leads to efficient coupling of electric fields to the molecular magnetic
moment,* and to magnetochirality,? a non-reciprocal effect that can be harnessed by unpolarised
light. In other words, Magneto-Chiral Dichroism is the differential absorption or emission of
unpolarized light that chiral magnetized systems exhibit under magnetic field. Such molecular
magnets may combine magnetism with other physical properties displayed independently or in
synergy leading to an attractive and unusual example of multifunctional materials merging
chiroptical, luminescence, and magnetic properties.> Lanthanide ions are able to retain their
magnetization in a given direction, thus generating a special class of Single-Molecule Magnet (SMM)
thanks to their specific
magnetic and optical
properties.® In this context,
0T we developed two new

— families of  enantiopure
Ytterbium complexes based
on the inherently chiral

MChD 4,

ool | helicene ligand®. Slow

Wavelength (nm) magnetic relaxation, Circularly

Polarized Luminescence (CPL)

; and Magneto-Chiral

SMM), CPL and MChD behaviours observed in Ytterbium Dichroism  (MChD)  were

helicene complexes. investigated for both

mononuclear® and one-dimensional’ compounds (Figure). In this presentation, the enhancement
of the SMM performances and MChD effect in the polymeric structure will be argued thank to the
support of ab initio calculations providing a deeper understanding of the underlying factors that
govern the physical properties in these multifunctional nanomagnets.’

REFERENCES:

. F. Pop, et al. Chem. Rev., 2019, 119, 8435-8478.

. G. L. J. A. Rikken, et al. Nature., 1997, 390, 493-494.

. F. Pointillart; et al. Inorg. Chem. Front., 2021, 8, 963-976.

. D. N. Woodruff et al. Chem. Rev., 2013, 113, 5110-5148.

. K. Dhbaibi et al. Chem. Rev., 2019, 119, 8846-8953.

. M. Atzori et al. J. Am. Chem. Soc., 2021, 143, 2671-2675.

. K. Dhbaibi, M. Grasser et al. Angew. Chem. Int. Ed., 2023, 62, e202215558.

KEYWORDS: Ytterbium, Helicene, Chirality, Circularly Polarized Luminescence, Magnetism,
Magneto-chiral dichroism
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Dichroisme Magnéto-chiral: quel apport de la chimie
quantique ?

Boris Le Guennic,? Jochen Autschbach,? Maxime Grasser?

@ Univ Rennes, CNRS, ISCR (Institut des Sciences Chimiques de Rennes) — UMR 6226 35000
Rennes (France). ® Department of Chemistry, University at Buffalo, State University of New York,
Buffalo, New York 14260-3000, United States

Contact: boris.leguennic@univ-rennes.fr

Au travers de quelques exemples issus de la littérature,! nous examinerons |'apport et les limites
actuelles de la chimie quantique a la compréhension des mécanismes sous-jacents au dichroisme
magnéto-chiral. Pour finir, nous présenterons les efforts récents réalisés dans le but de reproduire
et rationaliser les données MChD dans le cas spécifique des complexes de lanthanide.?

REFERENCES:

1. (a) S. Coriani, M. Pecul, A. Rizzo, P. Jargensen, M. Jaszunski, J. Chem. Phys., 2002, 117,
6417. (b) B. Jansik, A. Rizzo, L. Frediani, K. Ruud, S. Coriani, J. Chem. Phys., 2006, 125,
234105. (c) J. Cukras, J. Kauczor, P. Norman, A. Rizzo, G. L. J. A. Rikken, S. Coriani, Phys.
Chem. Chem. Phys., 2016, 18, 13267. (d) M. Atzori, H. D. Ludowieg, A. Valentin-Pérez, M.
Cortijo, I. Breslavetz, K. Paillot, P. Rosa, C. Train, J. Autschbach, E. A. Hillard, G. L. J. A.
Rikken, Sci. Adv., 2021, 7, eabg2859.

2. (a) M. Atzori, K. Dhbaibi, H. Douib, M. Grasser, V. Dorcet, |. Breslavetz, K. Paillot, O. Cador,
G. L. J. A. Rikken, B. Le Guennic, J. Crassous, F. Pointillart, C. Train, J. Am. Chem. Soc.,
2021, 143, 2671. (b) K. Dhbaibi, M. Grasser, H. Douib, V. Dorcet, O. Cador, N. Vanthuyne,
F. Riobé, O. Maury, S. Guy, A. Bensalah-Ledoux, B. Baguenard, G. L. J. A. Rikken, C. Train,
B. Le Guennic, M. Atzori, F. Pointillart, J. Crassous, Angew. Chem. Int. Ed., 2023, 62,
€202215558.

KEYWORDS: Chirality, Magnetism, Quantum Chemistry
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Chiral conducting materials for the eMChA effect

Narcis Avarvari,? Flavia Pop,? Geert Rikken®

aMOLTECH Anjou, UMR-CNRS 6200, Univ Angers, 2 Bd Lavoisier, 49045 Angers, France
b [ aboratoire National des Champs Magnétiques Intenses (LNCMI) Univ. Grenoble Alpes, INSA
Toulouse, Univ. Paul Sabatier, EMFL, CNRS, Toulouse & Grenoble, France

Contact: narcis.avarvari@univ-angers.fr

Introduction of chirality into molecular precursors is a topic of much current interest as it allows
the preparation of multifunctional materials in which the chirality may influence, for example, the
conducting properties.! One of the strategies we have been developing over the last years consists
in using chiral methylated BEDT-TTF and EDT-TTF derivatives in crystalline radical cation salts with
diverse anions,>® which allowed us, for example, to observe the electrical magnetochiral anisotropy
effect (eMChA) for the first time in a TTF based conductor.* More recently, the two enantiomeric
crystalline radical cation salts «-[(S,S)-DM-BEDT-TTF],CIOs and k-[(R,R)-DM-BEDT-TTF],ClO,,
showing x-type arrangement of the organic layers, were investigated in search for superconducting
chiral molecular materials.”

REFERENCES:

F. Pop, N. Zigon, N. Avarvari, Chem. Rev., 2019, 119, 8435.

F. Pop, P. Auban-Senzier, et al. Chem. Commun., 2016, 52, 12438.
N. Mroweh, C. Méziere, et al. Chem. Sci., 2020, 11, 10078.

F. Pop, P. Auban-Senzier, et al. Nat. Commun., 2014, 5, 3757.

N. Mroweh, C. Méziére, et al. Adv. Mater., 2020, 32, 2002811.

U

KEYWORDS: Chirality, Conductivity, eMChA, Tetrathiafulvalene
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Helicenes and Chiral-Induced Spin Selectivity

Jeanne Crassous

Univ. Rennes, CNRS, ISCR (Institut des Sciences Chimiques de Rennes) - UMR 6226, F-35000 Rennes,
France
Contact: jeanne.crassous@univ-rennes1.fr

Ortho-fused aromatic rings form helically shaped chiral molecules such as
carbo[6]helicenes, that wind in a left-handed (M) or a right-handed (P) sense.' The helical
topology combined with extended m-conjugation provides helicenes with peculiar properties
such as strong photophysical and
chiroptical properties (high optical
rotation values, intense electronic circular
dichroism and circularly polarized
emission). The molecular engineering of
helicenes offers a convenient way to tune
the properties of these helically shaped =-

ligands. Indeed, their combination with

metallo-organic  units or  organic

aggregating substituents leads to chiral
materials with appealing properties such as chiral-induced spin selectivity (the CISS

effect).”?

REFERENCES:
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Properties and Applications. Wiley, 2022.
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Michaeli, N. Kantor-Uriel, R. Naaman, D H. Waldeck, Chem. Soc. Rev. 2016, 45, 6478; c) R.
Naaman, Y. Paltiel, D H. Waldeck, Nat. Rev. Chem. 2019, 3, 250.
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R. Naaman, L. Sanchez, J. Crassous, J. Am. Chem. Soc. 2022, 144, 7709

KEYWORDS: Helicenes, Chirality, Spin selectivity, mC-AFM, Magnetoresistance, Electrochemistry
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Design of functional nanostructures via chirality

induction

Elizabeth Hillard,2 Emilie Pouget,” Gautier Duroux,®®? Lucas Robin,>? Benoit Pichon®

@ Univ. Bordeaux, CNRS, Bordeaux INP, ICMCB, UMR 5026, F-33600 Pessac, France
b Univ. Bordeaux, CNRS, Bordeaux INP, CBMN, UMR 5248, F-33600 Pessac, France
¢ Institut de Physique et Chimie des Matériaux de Strasbourg (IPCMS UMR 7504 UdS/ECPM CNRS), 23 rue
du Loess, BP 43, 67037 Strasbourg, France

Contact: elizabeth.hillard@u-bordeaux.fr, emilie.pouget@u-bordeaux.fr

While the combination of chiral and magnetic properties is becoming more and more attractive for
magneto-chiral phenomena, the fabrication of chiral systems that are highly responsive to both

Electron microscopy image of TPPS porphyrin
aggregated at the surface of a silica nanohelix and
the CD spectra induced by the helices left and right.

light and magnetic fields is still a
challenge.? The induction of chirality
to achiral objects is a versatile strategy
worthy of exploration for the
preparation of magneto-chiral objects.
In this context, we investigate the use
of silica nanohelices as a chiral platform
for induced circular dichroism (ICD) to
achiral magnetite nanoparticles, as well
as achiral free base or metallized
porphyrins.>* These nanocomposites
are studied principally by electronic
natural circular dichroism (NCD) and

magnetic circular dichroism (MCD) spectroscopies, and discussed as potential candidates for

magnetochiral dichroism.
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