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DNA-mediated Signaling with Metalloproteins

Jacqueline K. Barton
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California Institute of Technology, Pasadena CA 91125
jkbarton@caltech.edu

Many experiments have now shown that double helical DNA can serve as a conduit for
efficient charge transport over long molecular distances. We have seen, for example,
using tethered metal complexes as photooxidants, that oxidative damage to DNA can be
promoted from a distance as a DNA-mediated redox process. Photophysical,
electrochemical and biochemical experiments have been conducted to characterize this
chemistry. This chemistry is exquisitely sensitive to perturbations in the DNA base stack,
such as arise with base mismatches, lesions, and protein binding. We have now been
exploring how this chemistry may be used within the cell for long range signaling.
Increasingly, 4Fe-4S clusters are being found in DNA-binding proteins involved in genome
maintenance. Studies are described to characterize DNA-mediated signaling by these
metalloproteins. Experiments indicate that long range DNA charge transport can provide a
first step in how DNA repair proteins may localize in the vicinity of lesions. DNA charge
transport, in carrying out redox chemistry at a distance, offers a route for long range
signaling and coordination of DNA repair and DNA-processing proteins across the

genome.
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Organometallic Macrocycles, Cages and Their Application

Guo-Xin Jin
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The construction of new inorganic and organometallic macrocycles and cages with interesting
structural features and technologically useful functions have been topics of intense study with
considerable potential." One of the chief motivating factors to growth in this field is the
development of new, functional and tunable donor building blocks that can bridge transition
metals. Ideal building blocks should be easily accessible, exhibit high affinities toward transition
metals, and possess facial coordination sites can undergo exchange reactions with various
ligands. Half-sandwich transition metal complexes (Cp*M, Cp* = 7°-CsMes) are useful model
compounds in which one hemisphere of the coordination shell is blocked by the voluminous Cp*
rings. In the protected space below the Cp* ligands, various bidentate or tridentate ligands can be
accommodated.

Motivated by interest in supramolecular chemistry with organometallic half-sandwich complexes,
we have initiated a new approach for preparing organometallic macrocycles via C-H and B-H
activations with Terephthalate and dicarboxylate carborane.? We report herein an efficient method
for synthesizing molecular macrocycles of half-sandwich iridium and rhodium complexes via C-H
and B-H activation directed muticomponent self-assembly under mild condition.?

1) a). Y.-F. Han, W.-G. Jia, W.-B. Yu, G.-X. Jin, Chem. Soc. Rev., 2009, 3419; b). Y.-F. Han, G.-X. Jin,
Chem. Soc. Rev., 2014, 43, 2799; c). Y.-F. Han, G.-X. Jin, Acc. Chem. Res. 2014, 47, 3571; d). H. Li, Z-J.
Yao, D. Liu and G-X. Jin, Coord. Chem. Rev., 2015, 293-294, 139.

2)a) Y. F. Han, W. G. Jia, Y. J. Lin, G. X. Jin, Angew. Chem. Int. Ed., 2009, 48, 6234; b) T. Wu, L-H. Weng,
G.-X. Jin, ChemComm. 2012, 4435; c). S-L. Huang, Y-J. Lin, T. S. A. Hor; G-X. Jin, J. Am. Chem. Soc.,
2013, 135, 8125; d). S-L. Huang, Y-J. Lin, Z-H. Li, G-X. Jin, Angew. Chem. Int. Ed., 2014, 53, 11218; e). L.
Zhang, Y.-J. Lin, Z. Li, G.-X. Jin, J. Am. Chem. Soc., 2015, 137, 13670.

3) a). Z-J. Yao, W-B. Yu, Y-J. Lin, S-L. Huang, G-X. Jin, J. Am. Chem. Soc., 2014, 136, 2825; b). H. Li, Y-F.
Han, Y-J. Lin, G.-X. Jin, J. Am. Chem. Soc., 2014, 136, 2982; c). Y-F. Han, L. Zhang, L-H. Weng and G-X.
Jin, J. Am. Chem. Soc., 2014, 136, 14608; d). Y-Y. Zhang, X-Y. Shen, L-H. Weng, G-X. Jin, J. Am. Chem.
Soc., 2014, 136, 15521.
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Perspectives in Coordination Chemistry:
From Metallo-Supramolecular Chemistry towards Adaptive
Chemistry

Jean-Marie Lehn
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Supramolecular chemistry is actively exploring systems undergoing self-organization,
i.e. systems capable of spontaneously generating well-defined functional supramolecular
architectures by self-assembly from their components, on the basis of the molecular
information stored in the covalent framework of the components and read out at the
supramolecular level through specific non-covalent interactional algorithms, thus behaving
as programmed chemical systems.

Supramolecular chemistry is intrinsically a dynamic chemistry in view of the lability of
the interactions connecting the molecular components of a supramolecular entity and the
resulting ability of supramolecular species to exchange their components. The same holds
for molecular chemistry when the molecular entity contains covalent bonds that may form
and break reversibility, so as to allow a continuous change in constitution by
reorganization and exchange of building blocks. These features define a Constitutional
Dynamic Chemistry (CDC) covering both the molecular and supramolecular levels. CDC
takes advantage of dynamic diversity to allow variation and selection and operates on
dynamic constitutional diversity in response to either internal or external factors to achieve
adaptation.

CDC generates networks of dynamically interconverting constituents, constitutional
dynamic networks, presenting agonistic and antagonistic relationships between their
constituents that may respond to perturbations by physical stimuli or to chemical effectors.

The implementation of the features of CDC will be presented for metallosupramolecular
entities involving the coordination of metal cations to dynamic ligand molecules formed by
reversible reactions. Such entities present constitutional dynamics on both the
molecular/covalent (the ligand) and the supramolecular/non-covalent (the cation binding)
levels. They display adaptive features in response to metal cation effectors and form
dynamic networks.

References

Lehn, J.-M., Supramolecular Chemistry: Concepts and Perspectives, VCH Weinheim, 1995.

Lehn, J.-M., From supramolecular chemistry towards constitutional dynamic chemistry and adaptive
chemistry, Chem. Soc. Rev., 2007, 36, 151.

Lehn, J.-M., Chapter 1, in Constitutional Dynamic Chemistry, ed. M. Barboiu, Topics Curr. Chem, 2012, 322,
1-32

Lehn, J.-M., Perspectives in Chemistry-Steps towards Complex Matter, Angew. Chem. Int. Ed., 2013, 52,
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Interfacial Coordination Programming of 1D and 2D Materials

Hiroshi Nishihara
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One of the final goals of the research on molecular electronics is to control electron
conduction in molecular wires and networks at will by combining appropriate molecular
units. Here | present interfacial coordination programming® to synthesize electro-functional
one-dimensional (1D) nanowires and two-dimensional (2D) nanosheets.

A facile bottom-up method has been developed to fabricate 1D molecular wires of
bis(terpyridine)metal oligomers on gold and silicon surfaces. The electron conduction
properties of internal molecular segments as well as the resistivity at the electrode-
molecular wire junction and the terminal hetero-redox molecular connection were
quantitatively analyzed to evaluate the total performance of the molecular wires.?*

Single layer nanosheet materials have attracted much attention because of their unique
physical and chemical properties, which derive from their 2D nature. We are interested in
using liquid-liqguid and gas-liquid interfaces to synthesize coordination n-nanosheet,
CONASH. We synthesized metalladithiolene n-nanosheet showing high electronic
conductivity,”®  bis(terpyridine)metal nanosheet exhibiting electrochromism,” and

bis(dipyrrinato)zinc nanosheet with photo-electronic conversation ability.®

1 H. Nishihara, Chem. Lett. 2014, 43, 388. (Highlight Review)

2 R. Sakamoto, K.-H. Wu, R. Matsuoka, H. Maeda, H. Nishihara, Chem. Soc. Rev. 2015, 44, 7698, and the
references therein.

3 R. Sakamoto, S. Katagiri, H. Maeda, Y. Nishimori, S.;Miyashita, H. Nishihara, J. Am. Chem. Soc.
2015, 137, 734.

4 T. Kambe, R. Sakamoto, K. Hoshiko, K. Takada, M. Miyachi, J. Ryu, S. Sasaki, J. Kim, K. Nakazato, M.
Takata, H. Nishihara, J. Am. Chem. Soc. 2013, 135, 2462.

5 T. Kambe, R. Sakamoto, T. Kusamoto, T. Pal, N. Fukui, K. Hoshiko, T. Shimojima, Z. Wang, T. Hirahara,
K. Ishizaka, S. Hasegawa, F. Liu, H. Nishihara, J. Am. Chem. Soc. 2014, 136, 14357.

6 T. Pal, T. Kambe, T. Kusamoto, M.-L. Foo, R. Matsuoka, R. Sakamoto, H. Nishihara,
ChemPlusChem 2015, 80, 1255.

7 K. Takada, R. Sakamoto, S.-T. Yi, S. Katagiri, T. Kambe, H. ishihara, J. Am. Chem. Soc. 2015, 137, 4681.

8 R. Sakamoto, K. Hoshiko, Q. Liu, T. Yagi, T. Nagayama, S. Kusaka, M. Tsuchiya, Y. Kitagawa, W.-Y.
Wong, H. Nishihara, Nature Commun. 2015, 6, 6713.
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Recent Advances in Olefin Metathesis by Molybdenum and
Tungsten Catalysts
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Among the several important developments in the last five years in olefin metathesis
chemistry employing Mo or W catalysts has been the synthesis and application of
M(NR)(CHCMe2R")(OR)(Pyrrolide)  (MonoAlkoxidePyrrolide or MAP) complexes,
especially those in which OR is a sterically demanding terphenoxide such as
2,6-dimesitylphenoxide (OHMT).  MAP species under the right circumstances have
proven to be Z-selective in a variety of olefin metathesis reactions, among them
enantioselective ring-opening/cross-metatheses, ROMP to give highly stereoregular
polymers, ethenolysis of internal olefins such as oleates, coupling of terminal olefins,
cross coupling of terminal olefins, and synthesis of macrocyclic natural products. A
second important development has been the synthesis of a variety of tungsten oxo
alkylidene complexes. Oxo complexes can be "activated" by binding B(CeFs)3 to the oxo
ligand and are likely to be analogs of metathesis catalysts found in classical metathesis
catalyst systems.  Applications of metathesis include stereoregular ring-opening
metathesis polymerization to give cis,isotactic or cis,syndiotactic polymers and alternating
AB copolymers. A third recent development is the discovery and development of "MAX"
(monoaryloxide halide) complexes. MAX complexes can metathesize olefins that have a
halide or other electron withdrawing group (e.g., CF3) directly attached to the olefinic

carbon atom.
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Mixing spins and graphene: from coordination chemistry to
electronic transport

Lapo Bogani,*® C. Cervetti,” J. Wang,” M. Slota,® N. Dotti,* M. Burghard, K. Kern®
®Department of Materials, University of Oxford, 16 Parks Road, OX1 3PH, Oxford, UK
P1. Physikalisches Institut, Universitat Stuttgart, Pfaffenwaldring 54, Stuttgart, Germany

“MPI fur Festkorperforschung, Heisenbergstrasse 1, Stuttgart, Germany
lapo.bogani@materials.ox.ac.uk

Controlling the dynamics of spins on surfaces is pivotal to the design of spintronic and
guantum computing devices. Proposed schemes involve the interaction of spins with
graphene to enable surface-state spintronics, but several challenges remain unsolved:
how can molecular spins be assembled into hybrid structures? What is the influence of the
graphene environment on the spin? Can molecules be used to control coherent currents in
graphene devices? Here we answer these questions,' exploring spin-graphene

interactions by using molecular magnetic materials.

We detail the assembly process and showcase the relevance of dynamic scaling theory
and of graphene surface defects. We then show that, while the static spin response
remains unaltered, the quantum spin dynamics and associated selection rules are
profoundly modulated. The couplings to graphene phonons, to other spins, and to Dirac
fermions are quantified using a newly-developed model. Coupling to Dirac electrons
introduces a dominant quantum-relaxation channel that, by driving the spins over Villain's
threshold, gives rise to fully-coherent, resonant spin tunneling. Eventually we show how
molecular spins can be used to introduce bistable behavior into coherent spin currents.

These findings provide the tenets for spin-manipulation in graphene nanodevices.

BT

Figure 1 Molecular magnetic systems deposited on a graphene surface.

1 C. Cervetti et al., Nature Materials, 2016, doi:10.1038/nmat4490; C. Cervetti et al., Submitted, 2016.
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Chromium-Lanthanide coordination complexes: single
molecule magnet behaviour and magnetocaloric effect
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Andrea Caneschi,”
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The first observation of a magnetic bistability phenomenon from a purely molecular origin
has been reported by Sessoli & al.' in 1991, on a Mny, acetate complex. Since this
pioneering result, molecules exhibiting a slow relaxation of their magnetization are named
single molecule magnets or SMMs and have been widely studied. Up to now, peculiar
attentions have been devoted to the synthesis of 3d and heterometallic 3d-3d’
complexes.? But recently, in the search for more efficient SMMs, it has been demonstrated
that the incorporation of a highly anisotropic 4f ions into 3d matrices can enhance the
SMM properties.® Furthermore, it has been demonstrated* that the combination of a highly

ion can led to the formation of

anisotropic 4f ion with a highly isotropic 3d ion such as Cr
3d-4f clusters with higher blocking temperature. We will present here a new family of Cr
Ln" coordination complexes [CrsLn(CH3COO)(pyCOO)((py)2CO0)4] (NOs),-nH,O (with Ln
= Gd*, Tb*, Dy*, and n = 19 or 20).° Single crystal X-ray studies revealed that the
dysprosium derivative crystallizes as two different structural forms, a triclinic P-1 form and
a monoclinic P2;/n form, as for the gadolinium and the terbium derivatives. Surprisingly,
static and dynamic magnetic studies revealed that none of the synthesized complexes
exhibit single molecule magnet behaviour, while Gd derivative displays a magnetocaloric
effect (MCE). We will also discuss about the magnetic behaviour of a new neutral
coordination complexes Cr"-Ln"' [CrDy,(OCHs)s(dpm)s(CH3OH)]-CHsOH  (dpm™ =
deprototated dipivaloymethane ligand). Full magnetic investigations revealed that the
complex exhibits single molecule magnet behaviour.

[1] A. Caneschi, D. Gatteschi, R. Sessoli, & al. J. Am. Chem. Soc., 1991, 113, 5873.

[2] L. Lisnard, F. Tuna, & al., Angew. Chem. Int. Ed., 2008, 47, 9695.

[3] L. Ungur, M. Thewissen, J.-P. Costes, W. Wernsdorfer, L. F. Chibotaru, Inorg. Chem., 2013, 52, 6328.

[4] J. Rinck, G. Novitchi, & al. Angew. Chem. Int. Ed., 2010, 49, 7583.

[5] P.-E. Car, A. Favre, A. Caneschi, R. Sessoli, Dalton Trans., 2015, 44, 15769.
[6] O. Blacque, A. Amjad, L. Sorace, A. Caneschi, P.-E. Car. 2015. To be submitted.
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Single Chain Magnets on Silicon surfaces
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Single chain magnets (SCMs) are an interesting class of molecular polymeric materials
displaying slow relaxation of the magnetization. They provide, at low temperatures, a
magnetic hysteretic behavior for a single polymeric chain. They behave as molecular
magnetic nanowires and open interesting perspectives for storing information in low-
dimensional magnetic materials.

Most often these materials are synthesized as micro(nano) crystalline powders. Their
shaping as thin films is a key issue for the development of new devices.

In this work we study the growth of one SCM. These compounds are prepared by rational
design by reaction of a mononuclear copper(ll) complex with cobalt(ll) cations.

The growth is performed on Si surfaces functionalized by an organic monolayer tethered
with functional groups able to coordinate the metal precursors, to favor the nucleation and
the growth on the surface. ** The formation of the films is monitored by AFM.

Me

Figure 1 (a) Schema of the mononuclear Cu(ll) entities precursors of the SCM ; (b)
structure of the Co""Cu" chain which is going to be grown as a thin film over the surfaces ;
(c) AFM images showing the structure of this chain film grown on a Si surface with a

pyridine-terminated functionalization.

1 E. Pardo, R. Ruiz-Garcia, F. Lloret, J. Faus, M. Julve, Y. Journaux, F. Delgado, C. Ruiz-Perez, Adv. Mat.
2004, 16, 1597.

2 A. Faucheux, et al., Langmuir, 2006, 22(1), 153.

3 A. Moraillon, A.C. Gouget-Laemmel, F. Ozanam, J. N. Chazalviel, Langmuir, 2008, 112, 7158.
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LANTHANIDE ION-CONTAINING COMPLEXES: A NEW FAMILY OF MOLECULAR MAGNETS

Vadapalli Chandrasekhar®®
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Heterometallic and homometallic complexes containing lanthanide ions have been investigated
with respect to their structure and magnetism. Of particular interest have been trimetallic
complexes containing a central lanthanide ion and two peripheral open-shell transition metal ions
or diamagnetic metal ions. In this talk emphasis will be given on the design of new polyfunctional

ligands that have the capability to assemble both homo- and heterometallic complexes containing
lanthanide ions.

Figure 1 A trinuclear complex containing a central Dy" flanked on either side by
diamagnetic Co"

1. S.Das, K. S. Bejoymohandas, A. Dey, S. Biswas, M. L. P. Reddy, R. Morales, E. Ruiz, S. Titos-
Padilla, E. Colacio, V. Chandrasekhar, Chem. Eur. J. 2015, 21, 6449
2. J. Goura, J. Brambleby, P. Goddard, V. Chandrasekhar, V. Chem. Eur. J. 2015, 21, 4926
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Field-induced slow magnetic relaxation in a mononuclear
Mn(lll) complex: An ambient and high pressure study.

G. A. Craig,® C. H. Woodall,” J. J. Marbey,® S. Hill,° O. Roubeau,’ S. C. McKellar,” M. R.
Probert,® K. V. Kamenev,” S. A. Moggach,” E. K. Brechin,” S. Parsons,” and M. Murrie®*

WestCHEM, School of Chemistry, University of Glasgow, Glasgow, UK

PEaStCHEM, School of Chemistry, and Centre for Science at Extreme Conditions,
University of Edinburgh, Edinburgh, UK

‘Department of Physics and NHMFL, Florida State University, Tallahassee, FL, USA

dInstituto de Ciencia de Materiales de Aragén (ICMA), CSIC and Universidad de
Zaragoza, Plaza San Francisco, Zaragoza, Spain

®School of Chemistry, Newcastle University, Newcastle-upon-Tyne, UK
mark.murrie@glasgow.ac.uk

Slow relaxation of magnetisation arising from a single ion in a suitable ligand field,* and
high pressure studies of metal complexes? are both hot topics in coordination chemistry.
The former offers the possibility of using synthetic chemistry to achieve large magnetic
anisotropy: sometimes an order of magnitude beyond that observed in polynuclear
assemblies.® The latter have shown that pressure can flip the orientation of Jahn-Teller
axes.” Herein, we will describe the magnetic anisotropy and field-induced slow relaxation
of magnetisation observed in the compound Nas[Mn(L-tart);]-12H,O (1, L-tart = L-
tartrate).” The effect of hydrostatic pressure on the structure and magnetic properties of 1

will be detailed, revealing an unusual role played by the alkali metal ions.®

1 G. A. Craig, M. Murrie, Chem. Soc. Rev., 2015, 44, 2135.

2 J. P. Tidey, H. L. S. Wong, M. Schroder, A. J. Blake, Coord. Chem. Rev., 2014, 277, 187.

3 S. Gomez-Coca, E. Cremades, N. Aliaga-Alcalde, E. Ruiz, Inorg. Chem., 2014, 53, 676.

4 P. Parois, S. A. Moggach, J. Sanchez-Benitez, K. V. Kamenev, A. R. Lennie, J. E. Warren, E. K. Brechin,
S. Parsons, M. Murrie, Chem. Commun., 2010, 46, 1881.

5 G. A. Craig, J. J. Marbey, S. Hill, O. Roubeau, S. Parsons, M. Murrie, Inorg. Chem., 2015, 54, 13.

6 G. A. Craig, C. H. Woodall, S. C. McKellar, M. R. Probert, K. V. Kamenev, S. A. Moggach, E. K. Brechin,
S. Parsons, M. Murrie, Dalton Trans., 2015, 44, 18324.
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Study of the self-assembly of the Single Molecule Magnet
Fe,Ph on Au(111) via a combined MM and QM approach

Guglielmo Fernandez Garcia®’, A. Lunghi?, F. Totti?, R. Sessoli®
a) Universita degli Studi di Firenze
b) Université de Rennes 1

Universita degli Studi di Firenze, Dipartimento di Chimica “Ugo Schiff”, Via della Lastruccia
3-13, 50019, Sesto Fiorentino, FI, Italy.

Institut des Sciences Chimiques de Rennes, Université de Rennes 1, 263 Avenue du
Général Leclerc, 35042 Rennes CEDEX, France

guglielmo.fernandezgarcia@unifi.it

The adsorbtion of inorganic magnetic systems on surface is a crucial step in the design of
new materials, as spintronic devices or molecular qubits. Recently, a lot of efforts have
been focused on the prediction, via ab initio calculations, of structure and electronic
properties of isolated or single adsorbates. Such techniques are however unaffordable for
the study at the mesoscale level, i.e. the self-assembly process. Here we present a study
of the well known Single Molecule Magnet [Fes(L)s(dpm)s] (Hdpm=dipivaloyl-methane and
HsL=2-hydroxymethyl-2-phenylpropane) or Fe,Ph, for which we developed a full set of ad
hoc classical potentials, allowing the study through Molecular Mechanics (MM) of large
scale phenomena (temporally and spatially), combined with Density Functional Theory
(DFT). The new potentials have been tested on a series of benchmarks to verify the
reliability of the model. With this MM and QM integrated approach, we studied three
systems: a single FesPh on surface?, the half coverage and the full coverage monolayer.
We identified and magnetically characterized new stable conformers and we gained
insights on the process of clusterization. The computed hexagonal 2-D lattice was in very
good agreement with STM results was and “edge effects” due to the finite dimension of

the domains on surface were found.
* g

Figure 1. Comparison between experimental STM image and half coverage simulation

1 G. Fernandez Garcia, A. Lunghi, F. Totti, R. Sessoli, manuscript in preparation
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Geometric Modulation of the Jahn-Teller Distortion in Highly

Anisotropic Manganese(lll) Complexes
Anthony J. Fitzpatrick,® Helge Miller-Bunz,® Anne-Laure Barra,? Grace G. Morgan*2
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b: Grenoble High Magnetic Field Laboratory, CNRS, BP 166, 38042 Grenoble Cedex 9, France
grace.morgan@ucd.ie

High spin (HS) Mn""in an octahedral field exhibits a strong Jahn-Teller (JT) effect which
can confer considerable magnetic anisotropy or directionality. Magnetic anisotropy and its
effect on the overall assembly of spins has been widely exploited in the design of single
molecule magnets.>? We were particularly interested in exploring the magnetic anisotropy
in Mn", as our previous spin crossover complexes,® the JT distortion in the HS form is
non-classical: we have typically observed a HS axial compression (equatorial elongation),
presumably due to the relative ordering of the orbitals in the low spin (LS) state which
would place the dx?y? lower in energy than dz2. The addition of strain on the flexible ligand
backbone previously used? is explored here, leading to the formation of trigonal prismatic
complexes, Figure 1, with varying degrees of geometrical distortion. The counter anion
has a marked effect on the degree of distortion and therefore on the trigonal prismatic
character of the complex. This rare geometry could be integral in yielding interesting
complexes that are both; magnetically and electronically atypical. This is due to the JT
distortion manifesting itself in a peculiar way, a cis Jahn-Teller distortion, which results in
the elongation of both tertiary amine donors. The magnetic anisotropy has been probed by

high field/frequency EPR, magnetization and, DC and AC susceptibility measurements.

] co,

Figure 1: Mn(lll) complex exhibiting a rare trigonal prismatic geometry

1 Milios, C. J.; Vinslava, A.; Wernsdorfer, W.; Moggach, S.; Parsons, S.; Perlepes, S. P.; Christou, G.;
Brechin, E. K. J. Am. Chem. Soc., 129, (2007), 2754. 2 Bogani, L.; Wernsdorfer, W. Nat. Mater., 7, (2008),
179-186. 3 Morgan, G. G.; Murnaghan, K. D.; Miller -Bunz, H.; McKee, V.; Harding, C. J. Angew. Chem. Int.
Ed., 45, (2006), 7192. 4 Pandurangan, K.; Gildea, B.; Murray, C.; Harding, C. J.; Miller-Bunz, H.; Morgan,
G. G. Chem. Eur. J., 18, (2012), 2021-2029. 5 Martinho, P. N.; Gildea, ; Harris, M. M.; Lemma, T.; Naik, A.
D.; Miller-Bunz, H.; Keyes, T. E.; Garcia, Y.; Morgan, G. G. Angew. Chem. Int. Ed., (2012), 12765-12769.
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Assessing the role of Ln" (Nd", sm", cd", Tb", Dy") in Co",Ln"
systems : SMM behaviour of Sm", Gd", Tb", Dy" analogues

S. Goswami,*? R. Modak,? Y. Sikdar,® A. E. Thuijs,” G. Christou®
4Chemistry Department, University of Calcutta, 92, A. P. C. Road, Kolkata — 700009, India
PDepartment of Chemistry, University of Florida, Gainesville, Florida 32611, United States
E-mail: sgchem@caluniv.ac.in, goswami.sanchita@gmail.com

Since the first single-molecule magnet (SMM), Mn;,0OAc, was discovered in the 1990s,
many magnetic molecules exhibiting a slow relaxation of magnetization have been
synthesized and magnetically characterized® with potential technological applications.?
Much of the current SMM research has been inclined towards 3d-4f aggregates as the
strong magnetic anisotropy of 4f ions is an essential basis for tuning the properties of
SMMs.® As Co" possesses significant magnetic anisotropy, thus the combination of Co"
with Ln"" ions might present a potentially interesting protocol to design SMMs. Here, we
wish to convey the syntheses and investigation of SMM characteristics of a series of
" complexes 1 — 5 with an aim to assess the contribution of Ln". The
Co',>Ln" assembly was obtained from Ln(NO3)s.xH-O: Co(OAc), : Hovab : NaOMe in

0.4:0.5:1:1 ratio in methanol.

trinuclear Co',Ln

Figure 1 Crystal structure of Co,Th(HVab)4(OAc)](OAc), (1)

The isostructural Co",Ln" complexes have a core structure with general formula,

[CozLn(HVab)4(OAC)](OAC),, (where Hyvab = 2-[(2-Hydroxymethyl-phenylimino)-methyl]-6-
methoxy-phenol and Ln" = Nd" 1, sm" 2, cd" 3, Tb" 4, Dy" 5). Single crystal X-ray
diffraction study reveals that complexes 1 — 5 crystallize in the triclinic system P-1 bearing

almost linear arrangement. The contribution of Ln"

is evidenced by the different magnetic
behaviour of the Co",Ln"" compounds; Co,Nd: no SMM characteristics; Co,Sm: SMM;
Co,Gd: SMM; Co,Th: weak SMM; Co,Dy: weak SMM.
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Influence of counterions on magnetism of dinuclear
lanthanide(lll) complexes with pentadentate Schiff base
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A series of dinuclear complexes of the general formula [{Ln(u-L5)A},] (Ln = Gd-Er, H,L5 =
N,N-bis(salicylidene)diethylenetriamine, A = NO3™ and CI") was prepared and appropriately
characterized. Although some of these compounds were already reported,"? their
detailed magnetic study is missing. Therefore, static and dynamic magnetic properties
were investigated by dc magnetometry, and ac susceptibility measurements, respectively,
complemented by the study of magnetocaloric effect (Ln = Gd). Moreover, ab initio
calculations based on CASSCF were employed in order to better understand the magnetic
properties of the complexes. Moreover, the impact of different counterions (NO3™ vs. CI)

and different coordination numbers (8 vs. 7) are discussed.
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Figure 1 The ac susceptibility data measured at zero static magnetic field for [{Dy(u-
L5)Cl},]

1 R. C. Howell, K. V. N. Spence, |. A. Kahwa, A. J. P. White, D. J. Williams, J.Chem.Soc.,Dalton Trans.,
1996, 961.

2 J. Chakraborty, A. Ray, G. Pilet, G. Chastanet, D. Luneau, R. F. Ziessel, L. J. Charbonniere, L. Carrella, E.
Rentschler, M. S. El Fallah, S.Mitra, Dalton Trans., 2009,10263.
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Structure-Property Studies in Bistable Cyanometalates
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Multifunctional materials are receiving
considerable  world-wide  attention as
potential switchable elements in information
storage and  molecule-based  device
technologies. The first photoswitchable

7T lem® K mol’

Prussian blue was reported by Hashimoto in

1996, where dramatic color and magnetism

changes are seen owing to thermally- and 300

T/K

light-induced electron transfer that

interconverts diamagnetic Fe' s/Co".s and Figure 1. Magnetic data and structure
paramagnetic Fe' s/Co'"s pairs.* In 2008, we  for a new {M_M",} square.

reported a molecular {Fe;Cos} box that mimics the thermally- and optically-induced
changes seen in thermo- and photochromic Fe/Co Prussian blues, (T, ~ 252 K); a
remarkably long-lived photo-induced state is also seen (z~ 10 y at 120 K).? Later in 2010,
we discovered a bistable {Fe,Co,} square that displays qualitatively similar behavior (T, ~
177 K; 7~ 3 d at 120 K).® The temperature- and light-dependent magnetic, spectroscopic,
and structural data indicate that intramolecular electron transfer may be tuned as a
function of ancillary ligand donor strength and in some cases, their solid state contacts.*
Several structurally related bistable clusters will be described in the frame of their

intermolecular contacts and thermo- and photochromic behavior.
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2 D.-F. Li, R. Clérac, O. Roubeau, E. Harté, C. Mathoniére, R. Le Bris, R., S. M. Holmes, J. Am. Chem.
Soc., 2008, 130, 252.

3 Y.-Z. Zhang, D.-F. Li, R. Clérac, M. Kalisz, C. Mathoniére, S. M. Holmes, Angew. Chem., Int. Ed., 2010,
49, 3752.

4Y.-Z. Zhang, P. J. Ferko, D. Siretanu, R. Ababei, N. P. Rath, M. J. Shaw, R. Clérac, C. Mathoniére, S. M.
Holmes, J. Am. Chem. Soc., 2014, 136, 16854.
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Molecules Using Scanning Tunneling Microscopy and
Spectroscopy
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Binding and unbinding between small molecules and metallo-porphyrin are key processes
for biological functions such as neuro-transmission, muscle-relaxation, and respiration.
They can be also used to control spin states of magnetic metallo-porphyrin molecules.
Controlling and sensing spin states of magnetic molecules in such reactions at the single
molecule level is essential for spintronic molecular device applications. Here, we
demonstrate that spin states of metallo-porphyrin on surfaces can be controlled over by
binding and unbinding of small molecules, and be sensed using scanning tunneling
microscopy and spectroscopy [1-4]. Kondo localized state of metallo-porhyrin showed
significant modification by the binding of small molecules, implying that the spin state was
changed. Our density functional theory calculation results explain the observations with
the hybridization of unpaired spins in d and =* orbitals of metallo-porphyrin and small
molecules, respectively. Our study opens up ways to control molecular spin state and

Kondo effect by means of molecular binding and unbinding reactions on surfaces.

1. H. Kim et al. Phy. Rev. B 2009, 80, 245402
2. H. Kim et al. ACS Nano 2013, 7, 9312
3. H. Kim et al. Chem. Sci. 2014, 5, 2224
4. H. Kim et al. ACS Nano 2015, 9, 7722
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Highly anisotropic octanuclear SMMs based on Mn"' and Re"
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The magnetic properties of hexachlororhenate(lV) salts based on cationic [Mn"g]**

single-
molecule magnets (SMMs) have been recently studied.! In these [Mng][ReClg] systems,
the energy barrier to magnetization relaxation of the [Mng]** SMM is increased by effect of

the highly anisotropic Re'V metal ion.*

To step up our previous results we have also obtained a family of octanuclear [Re',Mn"g]
complexes, which have been prepared by using several mononuclear Re'" precursors as
metalloligands toward the [Mng]>* SMMs. One of these precursors is the highly anisotropic
[ReCls(0X)]* complex,® which exhibits here an oxalate coordination mode (us) that is

unusual in polynuclear OD complexes containing this precursor (Fig. 1).

All family members show SMM behavior, this evidence being supported by micro-SQUID

measurements performed on single crystals (Fig. 1).
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Figure 1. Molecular structure of an anionic octanuclear [Re,"'Mn"g]* complex (left) and its
plot of the magnetization vs. applied field recorded on a single crystal (right).
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Julve, S. Nellutla, J. Krzystek, J. Am. Chem. Soc., 2013, 135, 13737.

17



International Conference on Coordination Chemistry, 2016, Brest, France

Mixed-metal complexes based on ruthenium pivalate and
octacyanidotungstate
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Mixed-metal complexes based on dinuclear ruthenium(ll,lll) carboxylates, [Ruz(O2CR)4]",
are interesting systems to construct molecular magnetic compounds, because mixed-
valent [Ru2(O2CR)4]" unit can be used as spin source [1,2]. Previously, we reported on
mixed-metal complexes of  dinuclear ruthenium(ll, 1) carboxylate with
dicyanidoargentate(l) [3] or tetracyanidonickelate(ll) [4] which showed a weak
antiferromagnetic interaction between 3/2 spins of dinuclear ruthenium units. This is in
contrast with the case for the system with octacyanidotungstate(V)
[{Ruz(piv)4}3(H20)W(CN)s] (Hpiv = pivalic acid), which showed a ferrimagnetic behavior
with T; = 44 K [5]. In this study, we extended this system by using some counter cations
in the hope of obtaining ferrimagnetic compound with high T. (Figure 1). We will discuss
the structures and magnetic properties of the complexes together with those of the related

mixed-metal complexes.
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Figure 1 Dinuclear ruthenium carboxylate and octacyanidotungstate
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Inspired by the large intrinsic magnetic anisotropy of lanthanide ions™™, great synthetic
efforts have been devoted to, not only the pure 4f single-molecule magnets (SMM), but
also d-f SMMs since 2003, We have focused on the employment of molecular
engineering and magnetic engineering to synthesis novel molecular magnets with large
magnetic reversal barrier and high blocking temperature®. We report herein the symmetry
strategy to enhance the magnetic anisotropy of SMMs, in which the lanthanide centres
with some special symmetries can hold both large energy barriers and record magnetic

hysteresis temperature up to 20 K (Figure 1) as suggested by ab initio calculations.
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Figure 1 Mononuclear dysprosium SMMs with Ds, local symmetry, which show magnetic
relaxations proceeding through the 2" and 3™ excited Kramers doublet exhibiting a record
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Metal-organic frameworks (MOFs) composed of electron-donors (D) and/or —acceptors
(A): we call this group “D/A-MOFs” or “Redox-active MOFs” [1]. Since the charge transfer
(CT) and electron transfer (ET) of D°A° & D" "A"~ can be rationally controlled by tuning
the ionization potential of D and the electron affinity of A, they are really intriguing targets
for functional materials with magnetic, conducting, and their synergistic properties
(Strategy-1), as well as their porous nature for molecular adsorption. We have designed
such materials in the combinations of paddlewheel-type diruthenium(ll, II) complexes
([Ru"")) as D and TCNQ or DCNQI derivatives as A, and demonstrated the rational
control of CT/ET on D/A-frameworks to obtain electronic and magnetic functionalities [1-7].

On the other hand, these D/A-MOFs provide nano-sized pores surrounded by redox-active
frameworks, which enable the absorption of specific gas molecules such as CO,[8], NO
[9,10], and O,. Especially, the use of redox-active porous D/A-MOFs is advantageous not
only to the specific separation of redox-active molecules[9,10] but also to the control of
electronic/magnetic functionalities of frameworks[11] as guest-induced functionalities
(Strategy-2).
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Heterospin solids provide new opportunities for understanding of phase transition
peculiarities. The results of studies on the synthesis and magnetostructural correlations of
a specific group of heterospin complexes of Cu(hfac), with stable nitroxides will be
presented. When the temperature changes, the solid compounds undergo structural

rearrangements accompanied by magnetic effects similar to spin crossover.

The high mechanical stability of the crystals, i.e., their ability of being reversibly
compressed and expanded in the temperature range of phase transition, underlies the
term "breathing crystals." The methods of modifying the character and temperature of spin
transition for compounds from the given class are discussed. An analysis of the thermally
induced phase transformations revealed a relationship between the structural
rearrangement of Cu(hfac),L-0.5Solv and the form of the magnetic anomaly on the peq(T)
curve and between the structural rearrangement of the solvate and the temperature of the
magnetic effect.

The crystals of heterospin complexes [M(hfac),L,] (M=Cu, Ni, Co, or Mn; and L is nitronyl
nitroxide), were found to make unusual jumping motions (lasted for several weeks under
ambient conditions). The jumping was accompanied by the spontaneous elimination of
oxygen, the source of which was the nitronyl nitroxyl fragment of coordinated radical. It
was shown that the packing of [M(hfac),L.] was critical to the mechanical activity.

The crystals of several compounds were found to be capable of a reversible topotactic
polymerization—depolymerization coordination reaction during repeated cooling—heating

cycles.

The study was supported by the Russian Science Foundation (project 15-13-30012).
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Structural and magnetic characterization
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The combination of organic and inorganic components into the same backbone has
captivated many researchers probably as a consequence that the multiple choices of the
components and also of the different synthetic strategies, permit to obtain and endless

group of materials.™?

In the field of the coordination chemistry, beyond the wide variety
and beautiful topologies which are characteristic of the coordination polymers, the different
properties associated to the components and structural characteristic are obviously
relevant. While the presence of the cavities or pores are desired for the applications in gas
storage, sensing and separation, the type of metal ions and chemical identity of the
organic ligand can be associated with the active catalytic center or optical properties of
this material. Moreover, the type of paramagnetic metal ions and the organic linkers are
significant in the magnetic properties. The use of lanthanide ions is interesting not only for
their coordination environments, but also by the magnetic and luminescent properties. The
last, clarify the importance of the constituents, both organic and inorganic in the different
functionalities that a coordination polymer can acquire.

Taking into account the above paragraphs, we chose the carboxylate-based ligands as
consequence of the coordination versatility and capability to bind 3d or 4f cations.
Furthermore, using different synthetic procedures novel coordination polymers with
different dimensionalities and presenting interesting topologies and magnetic
characteristics were obtained. Details of the correlation of the structure and the observed
properties, should be discussed in this work.

Acknowledgements: The authors acknowledge financial support from FONDECYT 1130643, Programa de
Anillos en Ciencia y Tecologia Grant ACT1404.The authors also acknowledge the LIA-MIF 836 and
ECOS/CONICYT international collaborative project. All the authors are members of Proyecto Financiamiento
Basal, FB0807. B.B and C.C., thanks CONICYT Fellowship.
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The interest in the heavier, 4d and 5d, transition metal ions recently blossomed due to the
observation of exotic quantum phenomena in their oxides; most predominantly based on
Ir'V, the so-called ‘iridates’.! Their singular properties originate at the microscopic level
from the presence of exceedingly strong spin-orbit coupling within the 5d° electronic
configuration. The complex interplay of ionic Ir'Y properties and extended interactions
hinders the understanding of the single-ion physics masking its full potential in novel
guantum materials. Fluoride is key for the realization of a realistic model system for
iridates due to its similar electronegativity, mass
and redox-innocence, to the isoelectronic oxide.
Herein, we determine the orbital and spin angular
magnetic moments carried by the 5d electrons in
the ultimate dimensional reduced iridate analogue: ®
[IrFs]*, by means of X-ray magnetic circular
dichroism. Having established its electronic e\[\/g
similarity to the iridates, the single-ion magnetic Q/\O
anisotropy, hyperfine interactions and its intrinsic

slow relaxation of magnetization are unraveled.

The resemblance of isolated Ir'Y complexes to its &
extended oxide analogues and its chemical

robustness paves the way for application of

molecular Ir'Y entities for bottom-up approaches

towards novel electronic and magnetic quantum

materials.

1. a) B. J. Kim et al. Science, 2009, 323, 1329 (2009); b) D. Pesin et al. Nat. Phys. 2010, 6, 376; c) Y. Chen
et al. Nat. Commun. 2015, 6, 6593; d) Y. K. Kim et al. Science, 2014, 345, 187; €) Y. K. Kim et al. Nat. Phys.
DOI: 10.1038/NPHYS3503; f) Y. Machida et al. Nature 2010, 463, 210; g) K. A. Modic et al. Nat. Commun.
2014, 5, 4203.
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Single-molecule magnets (SMMs) are discrete molecular nano-magnets that, unlike bulk
magnets, retain magnetization in ways that do not rely on long range magnetic ordering.
SMMs offer unique properties with potential applications as device materials.> Our group
has pioneered the use of organometallic chemistry in single-molecule magnetism,? and we
have recently focused on developing unconventional ligand environments based on

heavier p-block elements.

We now report a synthetic route to rare-earth complexes of primary pnictogen adducts (1),
and show how these complexes can be used to access rare-earth complexes of both
monoanionic [R2E]” (2) and dianionic [RE]*" (3) ligands (E = P,? As®, Sb®), with the latter
two types of ligand being unprecedented in rare-earth chemistry (Figure 1). We have
found that varying the pnictogen donor atom in 1-3 produces systematic changes in the
SMM properties, which has allowed a general design model for bis(cyclopentadienyl)-

dysprosium complexes to be developed.
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Figure 1 Complexes 1-3 (E = P, As, Sb,Ln =Dy, Y).
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Single ion magnets (SIMs) are a class of materials with potential application as high-
density magnetic memories and quantum-computing devices in spintronic field.> The size
of the barrier of the reversal magnetization (Ues) is the determining factor to the suitability
of a single ion magnet to be applied in data storage devices. Efforts aiming at maximizing
the anisotropy by an appropriate ligand field have been made to achieve high barriers.?
Manganese(lll) is a d* metal ion displaying a Jahn-Teller (JT) distortion when in an
octahedral coordination environment. This feature turns Mn(lll) into an promising ion to
study its magnetic properties, namely spin crossover® and single ion magnet. We report
the synthesis of Mn(lll) Schiff base cationic complexes (Figure 1) using different counter
anions. SQUID magnetometry showed that all compounds are in the high-spin state with
one pair of bond lengths (Mn-Namine) considerably longer than the others (Figure 1). AC
susceptibility measurements carried out using a MagLab2000 system showed that one of
the new compounds displays single ion magnet behaviour, thus making it a good

candidate for further investigation and possible application in data storage.

Figure 1

1 J. Vallejo, A. Pascual-Alvarez, J. Cano, |. Castro, M. Julve, F. Lloret, J. Krzystek, G. De Munno, D.
Armentano, W. Wernsdorfer, R. Ruiz-Garcia, E. Pardo, Angew. Chemie Int. Ed., 2013, 52, 14075.

2 G. A. Craig, M. Murrie, Chem. Soc. Rev., 2015, 44, 2135.

3 P. N. Martinho, B. Gildea, M. M. Harris, T. Lemma, A. D. Naik, H. Mller-Bunz, T. E. Keyes, Y. Garcia and
G. G. Morgan, Angew. Chemie - Int. Ed., 2012, 51, 12597.
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Over the last decade, SMMs containing lanthanide ions have gained more and more
interest due to their strong anisotropy that creates high energy barriers preventing their
molecular spin from reorientation. Lanthanide complexes have continuously pushed the
records in the energy barrier and the highest hysteresis temperature. Sandwich
complexes, such as [Pc,Th], rank among the molecular compounds with the highest

energy barriers due to their optimal ligand field.*

Tuning the magnetic anisotropy of lanthanides by adjusting their crystal field is of most
importance. Here, we present a new approach based on enhancing the overall magnetic
anisotropy of lanthanide sandwich complexes by the help of 3d-metal ions. For this
purpose, we have studied 3d-metallacrowns functioning as n*-complex ligands binding
lanthanide ions in a sandwich-type coordination sphere. Metallacrowns are easily
modified.? Our present concept allows to generate square antiprismatic coordination
spheres for the lanthanide ions that allows for a slow relaxation of the magnetization

above room temperature.

" [emu mol™]

T[K]
1. N. Ishikawa et al.; J. Am. Chem. Soc., 2003, 125, 8694; J. D. Rinehart, J. R. Long;
Chem. Sci., 2011, 2, 2078
2. G. Mezei, C. M. Zaleski, V. L. Pecoraro; Chem. Rev., 107, 4933 (2007)
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Prussian blue (PBs) type materials are the molecule-based magnets with highest
ordering temperatures discovered up to date. These non-stoichiometric solids of general
formula AxM,[M'(CN)e].nH20 (A = alkali cation; M, M' = transition metal), and face-
centered cubic structure, are formed by homo- or heterometalic combinations of transition
metals in multiple oxidation states, bridged by cyanide ligands. Magnetic ordering critical
temperatures (Tc) over room temperature have been reported when V" and/or Cr"™" are
the constitutive metals, although these derivatives usually exhibit poor stability to air in

ambient conditions.[1,2]

In the search for chiral molecule-based magnets, a successful strategy has been
implemented by the incorporation of chiral building blocks in synthesis of PB-based
magnets.[3] This powerful strategy has not been so useful with the high T¢ counterparts,

because of the instability and difficult handling of these materials.

In this communication we will report successful strategies for the preparation of
high Tc¢ chiral molecule-based magnets in the PB family. For example, we have been able
to synthesize a new cyanide-bridged chromium-vanadium magnet that orders above 120

K, and that exhibits optical activity.

[1] S. Ferlay, T. Mallah, R.Ouahes, P.Veillet, and M. Verdaguer, Nature, 1995, 378, 701-702.

[2] M. Verdaguer et al. Coord. Chem. Rev. 1999, 190-192, 1023-1047.

[3] W. Kaneko, S. Kitagawa, M. Ohba, J. Am. Chem. Soc. 2007, 129, 248-249.
Acknowledgements: We are grateful to the UE (ERC Stg grant CHEMCOMP) for financial support.
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The common observation of slow relaxation of the magnetization in mononuclear
lanthanide complexes can be due to mechanisms different from the usually invoked
Orbach one involving a magnetic anisotropy barrier, such as quantum tunneling of
magnetization (QT), Raman and direct processes, each of them being characterized by
specific field and temperature dependences. These relaxation phenomena need to be
rationalized and controlled to improve the properties of these complexes in term of
blocking temperatures. In turn, this requires a detailed picture of their electronic structure
which can only be obtained by using a combined spectroscopic, magnetic and ab initio
characterization. We present here two examples for which, thanks to this approach, it was
possible to evidence the role of the different processes in magnetization relaxation.* For
Ln(trensal), (Fig. 1, left; Hstrensal = 2,2',2"-tris(salicylideneimino)triethylamine); Ln= Er,
Dy,) it could be demonstrated that the observed slow relaxation of the magnetization is not
related to the magnetic anisotropy barrier in the investigated temperature range. On the
other hand for Dy(LH); complex (Fig.1, right; LH is the anion of 2-Hydroxy-N’-[(E)-(2-
hydroxy-3-methoxyphenyl) methylidene] benzhydrazide) the relaxation behavior in the
high temperature range could be correctly reproduced using a master matrix approach
based on ab initio results, which were on their turn validated by the outcome of single

crystal magnetic measurements.

A

7T
[AA

Figure 1 Molecular structure of Ln(trensal) (left) and Dy(LH)3 (right)

1 E. Lucaccini, M. Perfetti, J.-P. Costes, R. Sessoli, L. Sorace Chem. Commun., 2014, 50, 1648

2 M. Perfetti, E. Lucaccini, L. Sorace, J.-P. Costes, R. Sessoli Inorg. Chem., 2015, 54, 3090

3 E. Lucaccini, M. Briganti, M. Perfetti, L. Vendier, F. Totti, J.-P. Costes, R. Sessoli, L. Sorace, Chem. Eur.
J. submitted
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To further augment the coordination abilites of SN ligands, the diimidosulfinates®
RS(NR),™ and triimidosulfonates? RS(NR)s™, provide a rich platform. They chelate the main
group® and transition metal® with two imido nitrogen atoms only and hold it tight like a
scorpion its booty with the two claws. An additional coordination site, comparable to the
sting of the scorpion, can be introduced if the sulfur di- or triimide is reacted with an
organometallic compound providing an additional donor site, e. g. a phosphorus atom. In
this talk we will discuss the facile linkage of the sulfur triimide with lithium diphenyl-
phosphanyl methanide motif to give the lithiated ligand [(tmeda)Li{(NtBu);SCH,PPh,}] (1).
The structural and geometrical differences to its sulfur(lV) diimide analogue [(tmeda)-
Li{(NSiMe3),SCH,PPh,}] are marginal but the advantages from the stronger redox stability
of the first and the additional non-chelating imido group are obvious. We will also present
an easy pathway to transition metal complexes via simple transition metal halides. The
ligand gives rise to a remarkable cobalt containing Single Molecular Magnet complex
[Co{(NtBu)2SMe(NtBu)},] 2 (xmT 2.9 [cm®mol™K]; Uer. 75 [cm™]) with a hysteresis at 2K

presumably due to the acute NSN bond angle.*

g
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[1] M. M. Meinholz, S. M. Deuerlein, S. K. Pandey, D. Stalke, Dalton Trans. 2011, 40, 1662-1671 + cover.
[2] E. Carl, D. Stalke, Eur. J. Inorg. Chem. 2015, 2052-2056.

[3] E.Carl, D. Stalke, Chem. Eur. J. 2014, 20, 15849-15854.

[4] E. Carl, S. Demeshko, F. Meyer, D. Stalke, Chem. Eur. J. 2015, 21, 10109-10115.
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This talk is driven by two reasons: (i) nanomagnetism investigation on switchable
molecules ie (SCO) [1]. The development of these new, tailored architectures is central for
the exploration of the physical properties of these materials, at the mesoscopic scale [2].
(if) Up to now, the observations are essentially reduced to the simple investigation of the
temperature dependence of the magnetisation or the optical absorption in a huge
ensemble of nanoparticles by using high sensitivity conventional systems such as
(SQUID) and/or dynamical light scattering measurements. The novel experimental
approach based on ultra sensitive Planar Hall Effect (PHE) device can overcome theses
drawbacks [2,3]. Compared to SQUID, the PHE approach has advantages of room
temperature operation, detection of few amount of materials (ng), and hence more
portable and flexible implementation. This innovation with high field resolution (micro to
nanotesla) could detect a magnetic moment down to 10™*emu at 300K. Interestingly, the
resolution is 4 orders of magnitude higher than SQUID system. The ultimate target is the
detection of single object by combining the forces from French, Korean, Viethamese and

Mexican researchers.

1T. Q. Hung, F. Terki, et al., Angew. Chem. Int. Ed., 2013, 52, 1185.
2 A. Bousseksou, et al Soc. Rev. 2011 40, 3313.
3. Kim et al., Book chapter INTECH, 2012.

b)
Figure 1 a) PHE ring sensor image & SCO nanoparticles, b) SEM image 11 rings sensors

30



International Conference on Coordination Chemistry, 2016, Brest, France

Structures and relaxation dynamics of lanthanide single-
molecule magnets

Jinkui Tang
Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, 130022
Changchun, China

tang@ciac.ac.cn

Lanthanide compounds have become of increasing interest in the field of Single-molecule
magnets (SMMs) due to the large inherent anisotropy of the metal ions.' Particular
emphasis of our recent research efforts was placed on investigating the spin feature and
relaxation dynamics of 4f SMMs. A series of new coordination compounds based on
highly anisotropic lanthanide ions were designed and structually and magnetically
characterized.” The synthetic strategy illustrated in our work represents a promising

approach to steer the structural and spin features and design new molecular materials.

Figure 1 Molecular structure of Dys compound.

1. L. Sorace and D. Gatteschi, in Lanthanides and Actinides in Molecular Magnetism, Wiley-VCH
Verlag GmbH & Co. KGaA, 2015, pp. 1-27.
2. a) S.-Y. Lin, W. Wernsdorfer, L. Ungur, A. K. Powell, Y.-N. Guo, J. Tang, L. Zhao, L. F. Chibotaru

and H.-J. Zhang, Angew. Chem. Int. Ed., 2012, 51, 12767; b) Y.-N. Guo, L. Ungur, G. E. Granroth,
A. K. Powell, C. Wu, S. E. Nagler, J. Tang, L. F. Chibotaru and D. Cui, Sci. Rep., 2014, 4, 5471; c)
J. Tang and P. Zhang, Lanthanide Single Molecule Magnets, Springer Heidelberg, 2015; d) J. Wu,
L. Zhao, M. Guo and J. Tang, Chem. Commun., 2015, 51, 17317.

31



International Conference on Coordination Chemistry, 2016, Brest, France

DESIGN OF MOLECULAR MAGNETIC MATERIALS USING THE
RADICAL APPROACH

Maria G. F. Vaz

Instituto de Quimica Universidade Federal Fluminense, Niterdi, Rio de Janeiro, Brazil
mariavaz@vm.uff.br

The search for new molecular magnetic materials is motivated by their potential
application in high-density information storage or multifunctional systems as well as the
challenge to understand the factors that governs the nature and magnitude of the
magnetic exchange interactions and magnetic anisotropy. In this talk will be reported the
synthesis and study of coordination compounds containing organic radicals linked to
paramagnetic metal ions. In particular, we will show the influence of changing the rigid
cyclicpolyaromatic substituents of thenitronyl-nitroxideradicals, metal ions as well as the
co-crystallization solventson the magnetic properties of single chain magnets (SCMs)
containing 3d or 4f metal ions. One of the chains shows strong metal-radical exchange
coupling with large blocking temperature and a very high coercive field.The influence of
solvents in the crystal network onstatic and dynamic magnetic properties will be discussed
based on defects created by the desolvation of lattice solvents. In addition, the synthesis
and magnetic properties of new radicals-based heterobimetallic complexes will be also
presented.

References

[1] M. G. F. Vaz, R. A. A. Cassaro, H. Akpinar, J. A. Schlueter, S. Santos Jr., P. M. Lahti, M. A. Novak,
Chem. Eur. J.2014, 20, 5460.[2] Escobar, L. B. L.; Guedes, G. P. ; Soriano, S. ; Speziali, Nivaldo L. ;
Jordao, A. ; Cunha, A. C. ; Ferreira, V. F. ; Novak, M. A. ; Andruh, M. ; Vaz, M. G. F. Inorg. Chem., 53,
7508, 2014. [3] R. A. A. Cassaro, S. G. Reis, T. S. Araujo, P. M. Lahti, M. A. Novak, M. G. F. Vaz, Inorg.
Chem., 2015, 54, 9381.
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Combining strong magnetic anisotropy with strong exchange interaction is a long standing
goal in the design of quantum magnets. The lanthanide complexes, while exhibiting a very
strong ionic anisotropy, usually display a weak exchange coupling, amounting to only a
few wavenumbers. Recently, an isostructural series of mixed Ln-R-Ln complexes with R
the N> radical have been reported,*? in which the exchange splitting is estimated to
reach hundreds wavenumbers. The microscopic mechanism governing the unusual
exchange interaction in these compounds is revealed here by combining detailed
modeling with DFT and ab initio calculations.®> We find it to be basically kinetic and highly
complex, involving non-negligible contributions up to seventh power of total angular
momentum of each Ln site. The performed analysis also elucidates the origin of
magnetization blocking in these compounds. Contrary to general expectations the latter is

not always favored by strong exchange interaction.
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Figure 1. a) Molecular structure of Ln**-N,*-Ln*" complexes, with Ln=Gd (1), Tb (2), Dy
(3), Ho (4) and Er (5). Dashed lines are the main magnetic axes on Th ions (violet) and in
the ground exchange Kramers doublet of the complex 2 (green). Arrows show the
magnetic moments on Th*" ions and on the radical N,*; b) Experimental (symbols) and
calculated (solid line) magnetic susceptibility in 1-5. The anisotropic exchange interaction
used in the simulations was derived from ab intio and DFT calculations.

. Rinehart, M. Fang, W. J. Evans, J. R. Long, Nat. Chem. 2011, 3, 538.
. Rinehart, M. Fang, W. J. Evans, and J. R. Long, J. Am. Chem. Soc. 2011,133, 14236.
Vieru, N. lwahara, L. Ungur, L. F. Chibotaru, arXiv:1509.02206, 2015.
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Low-dimensional magnetic materials demonstrating a slow relaxation of magnetization are
significant from the outlook of fundamental and applied science, and have possible appli-
cations such as information storage and quantum computing.> Their magnetic behavior is
determined by an energy barrier U that have to be surmount to reverse the magnetization.
The U value for a single-molecule magnet (SMM) depends on the uniaxial anisotropy
energy of a single molecule. For a chain of ferromagnetically coupled Ising spins the ap-
pearance of slow magnetization dynamics at finite temperatures was predicted by Glau-
ber.? The experimental proof of single chain magnet (SCM) behavior was a discovery of
magnetic relaxation in an Co-radical chain.®> Contrary to SMMs, the energy barrier in
SCMs depends not only on the magnetic anisotropy energy but also on the intrachain
magnetic interaction.” Hence, it should be easier to increase U for SCMs than those for
SMMs. After fruitful theoretical prediction that a use of orbitally degenerate 4d and 5d cya-
nometallates with a strong spin-orbit coupling as highly anisotropic synthones® is very
promising in design of quantum molecular magnets, a row of SMMs with such building
blocks were obtained.® The origin of magnetization dynamics in these objects is a pres-
ence of anisotropic exchange interactions between high spin 3d metal ions complexes and
heavier cyanometallates.” However, to the best of our knowledge, there are no reports of
SCMs based on anisotropic building units, [M(CN),]™ , M = 4(5)d metal ions and n=6+8
and m=3+4. We present the synthetic approaches for the preparation of chain like coordi-
nation heterobimetallic polymers displaying slow magnetic dynamics and hysteresis > 2 K.
1 D. Gatteschi, R. Sessoli, J. Villain, Molecular Nanomagnets, Oxford University Press, 2006; C. Coulon, H.
Miyasaka, R. Clérac in Structure and Bonding, Springer, 2006, 163. 2 R. Glauber, J. Math. Phys., 1963, 4,
294. 3 A. Caneschi, D. Gatteschi, N. Lalioti, C. Sangregorio, R. Sessoli, G. Vent