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Summary

The current project addresses fundamental issues for the understanding of
important questions faced today by researchers in Molecular Magnetism,
particularly the control and the manipulation of magnetic coupling and magnetic
anisotropy on the other hand. Their combined role will be particularly investigated
here in a variety of coordination complexes developed in Bucharest, which exhibit
Single Molecule Magnet (SMM), Single Chain Magnet (SCM), Magneto-Caloric
Effect (MCE) or PhotoMagnetic properties, together with their introduction in
molecular conductors.

Our collaborative consortium associates one research group in Bucharest
(M. Andruh), and one research group in Bordeaux (R. Clérac, C. Mathoniére), both
with a strong experience in molecular magnetism and coordination chemistry of
classical (S > %), anisotropic spins, together with two research groups in Rennes
(M. Fourmigué) and Angers (N. Avarvari), with a strong background in molecular
conductors and quantum (S = %2) spin systems, and crystal engineering strategies.
The Bucharest group is internationally recognized for the preparation of very
original magnetic coordination compounds. This project is devoted to adding new
functions to these compounds as magnet-like behaviour, photomagnetic or
conducting properties. The three French partners offer complementary expertise
along these lines to develop these series of complexes designed and prepared in
Bucharest.



Objectives

The main objective of the project is to synthesize and
characterize molecular magnetic materials displaying
specific physical properties, like spin crossover or
photomagnetism, which would allow to write information on
a magnetic state using another stimulus than the magnetic
field (light, pressure, temperature...).

1. Synthesis of novel magnetic materials: control of magnetic coupling
and/or anisotropy;

2. Elaboration of conducting materials: electron transfer processes in
bimetallic complexes;

3. Advanced physical properties of the materials: possible association of
nano-magnet or spin crossover behavior with metallic conductivity in
multifunctional materials;

4. Organization of high level classes on molecular materials for Master and
PhD students.
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Project Budget

Romania
No Budget chapter (euro) I::::Ef Total
’ (the entire project) Financed by : (euro)
UEFISCDI Financed by ANR
1. SALARIES 65000 144000 209000
2. MOBILITY 10000 27000 37000
3 INVENTORY 125000 142000 267000
4. OVERHEAD 50000 5000 55000
TOTAL BUDGET 250000 318000 568000




Project Budget — Romanian team

No. Budget chapter 2{11_3 2{)1_4 2{}1_5 2{}1_5 TC}Tfﬁ.L
(expenses) (lei) (lei) (lei) (lei) (lei)
1. SALARIES 98584.85 98584.85 82154.07 16430.78 295754.55
2. OVERHEAD 142187.5 42656.25 38548.55 4107.7 227500
3 MOBILITY 15165.15 15165.15 15165.15 0 45495.45
4. INVENTORY 455000 56875 56875 0 568750
TOTAL BUDGET 710937.5 213281.25 192742.77 20538.48 1137500
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paramagnetic* Herein we present the successful synthesis of

ABSTRACT: New 4d—4f heterometallic complexes with [K(H,0),Ru™(valen)(CN),]-H,0 (1) as a useful precursor to
a one-dimensional structure, ' [{Ru(valen)(CN),KRu- design new heterometallic molecule-based magnetic materials
(valen)(CN),H{Ln(O,N0),(CH,0H);}] 2CH,0H  (Ln (Hyvalen is the Schiff base resulting from the condensation
= Gd, Tb, Dy), have been assembled from the reaction reaction between o-vanillin and ethylenediamine ). It is important
of [K(H,0),Ru" (valen)(CN),]-H,0 with lanthanide to mention that the related [Ru"'(Rsalen)(CN),]~ complexes
nitrates. The exchange interaction between Ru and [Rsalen® stands for substituted salen®” denvali;'es; salen’” =
Gd'"' mediated by the cyanido ligand was determined for N,N'-ethylenebis(salicylideneiminate) ] have been used recently
the first time and found to be weak and of to construct cyanido-bridged heterometallic magnetic com-
antiferromagnetic nature. plexes® This anionic complex [Ru™(valen)(CN),]™ should be

able to interact with a second metal ion through the cyanido
groups or the 0,0, compartment or both of them. The

he Schiff bases derived from o-vanillin and various diamines coordination properties of this new metalloligand toward Ln
are very popular ligands for obtaining binuclear 3d—4f cations (Gd", Tb", and Dy™) were checked, and it appears that
complexes.' Their deprotonated forms act as side-off compart- [Ru"(valen) (CN), ]~ coordinates to the Ln ion anly through the
mental ligands, with each compartment interacting with a specific cyanido groups. In the final isostructural heterometallic

metal ion: the inner compartment (N,0,) accommodates a 3d compounds ' [{Ru(valen)(CN),KRu(valen)(CN),}{Ln-
metal ion, while the large, outer one (0,0, ) hosts more easily a (O,NO),(CH;0H);}]2CH;0H (Gd, 2; Tb, 3; Dy, 4), the

lanthanide (Ln) ion. This type of binuclear complex is an 0,0, coordination site stays occupied by the K ion already

excellent model platform to probe the factors governing the present in the [K(H,0),Ru""(valen)(CN),] precursor.

nature and strength of the magnetic interactions between The precursor, 1, has been obtained by adapting the synthetic

divalent 3d metal ions and trivalent lanthanides® More recently,  protocol reported for the salen derivative (see the Supporting

it has been shown that the open compartment, 0,0’,, can also Information, SI).* Subsequently, compounds 2—4 have been

accommodate a second 3d metal ion as well.” In spite of the synthesized following a similar synthetic route by heating to 50

richness of the chemistry based on these ligands, binuclear °C for 45 min a stoichiometric mixture of 1 and Ln(NO;)5-6H,0

complexes with a trivalent cation located within the N,0, in methanol (see the SI). The green solution was then cooled to B ACKNOWLEDGMENTS

coordination site, [M"'Ln"], are unknown. A reason for that room temperature and filtered. Crystals suitable for X-ray . .

can be envisioned considering the stepwise synthesis of these crystallography were obtained by the slow diffusion of diethyl We are grateful to the UEF[‘SCP[ (PI'OJE,CK PN'H'ID'J-RP'RO"
heterometallic complexes, The mononuclear M"™ species formed ether into the green filtrate (see the ST). The single-crystal X-ray FR-2011-2-0034), the Conseil Régional d’Aquitaine, the CNRS,
in the first step is cationic, and the interaction with the second diffraction wvesngaltlxaon of 1 reveals the formation Dfra binuclear the University of Bordeaux, and the ANR (Grant ANR-12-I1S07-
metal cations is certainly not favored. A way to circumvent this complex;, with a Ru™ ion located in the N,O, mnrdmanm:\ site 0004, CREMM rD‘ECt) for financial support

difficulty could be to compensate for this positive charge by the (Figure 1). The two N and two O atoms from the Schiff base 4 proj pport.

addition of anionic ligands on the M™ ion within the ligand occupy the equatorial plane of the Ru™ octahedral

mononuclear metalloligand. For example, these anions could coordination sphere [Rul-N1 = 1.982(9) A; Rul-N2 =
coordinate to the apical positions of the M™ site. This idea is 2.000(8) A; Rul—-O1 = 2018(6) A; Rul-04 = 2.025(7) 4],
appealing, provided that the resulting anionic metalloligand is while the cyanido ligands are positioned in apical positions [Ru—
stable in solution toward dissociation of the ancillary ligands; C18 = 2.064(13) A; Ru—C19 = 2.094(13) A]. The K ion is
otherwise, control over the reaction products would not be located in the open compartment, being coordinated by two
possible. Tn order to fulfill this condition, a metal ion that forms phenoxo bridging O atoms and by two aqua ligands.
six very stable metal—ligand bonds must be employed. The best Coordination of the K ion by the O atoms from the open
candidates to test this synthetic approach are thus 4d and 5d
metal ions. Among these, Ru'"" and Os™ ions are particularly Received:  April 18, 2015
important in molecular magnetism because they are both Published: June 4, 2015

ACS Publications 2015 american Chemical Society 5621 DOI: 10.1021/acs inorgchem 5b00889.
g Inorg. Chem. 2015, 54, 5621-5623
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Three new isostructural cyanido-bridged heterometallic complexes,
[{CW(L)}2{M(CN)s}] (M = F™. Ru" and Os™), have been synthesized and
crystallographically characterized (L is a Schiff-base ligand derived from
the 1:2 condensation of 2.6-diacctylpyridine with 2.2-dimethyl-1.3-
diaminopropane. followed by the cycloaddition of one of the amino
groups to the neighbouring azomethinic group with the formation of a 1.3-
diazacyclohexane ring). The [M(CN)g]* metalloligands connects two

{Cu(L)} fragments through two frans cyanido groups.

INTRODUCTION

Since the initial report on Prussian Blue
analogues.' and stimulated by the synthesis of
room temperature molecule based magnets.?
homoleptic cyanido complexes. such as [M(CN)s]™
M = VE ™™ Fe, Fe™ Ru™ or 0s™), have been
widely used as building-blocks (metalloligands)
for the construction of olizgonuclear complexes.
and coordination polymers with various topologies
and interesting magnetic properties’  The
nuclearity of the desired cyanido bridged
complexes and the dimensionality of the
coordination polymers can be controlled through
ancillary ligands that block several coordination
sites of the assembling cation or to the cyanido
metalloligand.® Scheme 1 illustrates the formation
of frinuclear complexes when a pentadentate
blocking ligand is attached to the assembling
cation. The Schiff bases are among the most
popular complexing agents in coordination
chemistry. They can be obtained in high yields.

Corresponding author: marius.andruh@dnt.ro

and, by choosing the appropriate carbonyl and
primary amine precursors. the number and the
relative position of donor atoms can be easily
controlled

Herein. we report on the synthesis and
structural  characterization of  three  new
heterobimetallic trinuclear complexes. [Cu,M™]
(M = Fe. Ru. Os) incorporating [M(C.\')EF' units.
A new tetradentate Schiff base derived from the
1:2 condensation of 2.6-diacetylpyridine with 2.2-
dimethyl-1.3-diaminopropane is employed as a
blocking ligand.

EXPERIMENTAL

Materials and methods

Chemicals were purchased from commercials sources and
the (AsPhy)s[Ru(CN)s]2HyO and (PPhs);[Os(CN)g]-6HxQ
precursors were prepared according to the literature.
(PPhy)3[Ru(CN)g] has been obtained by adapting the synthesis
reported in the literature. The trinuclear complexes have been
synthesized using a similar method: the mononuclear species

Clérac, M. Andruh,
Rev. Roum. Chim.

Acknowledgements: We are grateful to the UEFISCDI

(project

support.

PN-II-ID-JRP-RO-FR-2011-2-0034)

for

financial



5.

Dissemination of Results

2015

L. Stoicescu, C. Maxim, M. Rouziéres, M. Hillebrand, R.
polymer with mixed azido and alkoxido bridges: Synthesis,
2015, 92, 111-116.

Polyhedron 92 (2015) 111-116

journal homepage: www _elsevier.com/locate/poly

Contents lists available at ScienceDirect

Polyhedron

A novel 2-D coordination polymer with mixed azido and alkoxido @Cmmﬂk
bridges: Synthesis, structure and magnetic properties

Liliana Stoicescu®, Citilin Maxim , Mathieu Rouziéres ¢, Mihaela Hillebrand ¢, Rodolphe Clérac <,

Marius Andruh®*

* Inorganic Chemistry Laboratory, Faculty of Chemistry, University of Bucharest, 23 Dumbrava Roste, 020464 Bucharest, Romania

"CNRS, CRPP, UPR 8641, F-33600 Pessac, France

“Univ. Bordeaux, CRPP, UPR 8641, F-32600 Pessac, France
Physical Chemistry Department, Faculty of Chemistry, University of Bucharest, 4-12 Regina Elisabeta, 030018 Bucharest, Romania

ARTICLE INFO

ABSTRACT

Article history:

Received 9 February 2015
Accepted 21 March 2015
Available online 27 March 2015

Keywords:
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A novel 2-D coordination pelymer [Cuy(L)Ns):], 1 (HL: 1,5-diaminopentan-3-ol) has been synthesized
and its crystal structure and magnetic properties have been studied. The erystal structure of the com-
pound 1 consists of binuclear moieties [Cuy(L)(N3);] with mixed alkoxido/end-on azido bridges, which
are linked by double asymmetric end-en and single asymmetric end-to-end azido bridges, resulting in
a 2-D layer extended within the ab erystallographic plane. Variable-temperature magnetic susceptibility
data evidence strong antiferromagnetic interaction between the Cu" ions within the binuclear units,
which are mediated by the two types of bridges (J = —123(2) cm™", H = —2JS,S;). The experimental value
of the exchange coupling constant is confirmed by DFT calculations.

2-D coordination polymer
Magnetic properties

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The azide ion is extensively used as a ligand to generate a wide
variety of transition metal complexes and coordination polymers
with a rich structural diversity and interesting magnetic proper-
ties. The azide ion is recognized as a versatile ligand that can bridge
two or more metal ions in different modes, such as p, ; (end-on,
EO), i3 (end-to-end, EE), fii3 Miia, Hiiia, Hiass and
Hi11.1,333 [1]. The aggregation of various azido complexes, ranging
from oligonuclear complexes to 1-D, 2-D, and 3-D coordination
polymers, can be influenced by using bridging or terminal co-li-
gands [1,2]. The neutral organic co-ligands are usual, while the
bridging anionic co-ligands have been more rarely used [2].
Among the bridging anionic co-ligands, those having a potentially
bridging alkoxido group can be employed to obtain compounds
with mixed azido and alkoxido bridges. So far, several structurally
characterized oligonuclear complexes [3] and 1-D coordination
polymers [4] incorporating p-alkoxide-j1, ;-azido or p-alkoxido-
uia-azido hetero-bridges have been reported. In this study we

* Corresponding authors at: CNRS, CRPP, UPR 8641, F-33600 Pessac, France
(R Clérac) and University of Bucharest, Romania (M. Andruh).
E-mail addresses: clerac@crpp-bordeaux.cnrs.fr (R. Clérac), marius.andrub@dnt.
ro (M. Andruh)

hutp:/ dx.doi.org/10.1016/j.poly.2015.03.019
0277-5387/ 2015 Elsevier Ltd. All rights reserved.

describe the synthesis, crystal structure and magnetic properties
of a 2-D coordination polymer with mixed azido and alkoxido
bridges [Cuy(L)(N4)s],, 1 (HL: 1,5-diaminopentan-3-ol).

2. Experimental
2.1. Materials and methods

All reagents and solvents used in this study are commercially
available (Aldrich, Fluka or Merck) and were used without further
purification. All syntheses were carried out in aerobic conditions.
Caution! Azide compounds are potentially explosive. Only small
quantities of compound should be prepared, and it should be handled
with care!

2.2. Physical measurements

The IR spectrum of the compound 1 (KBr pellet) was recorded
with a Bruker Tensor 37 spectrometer in the 4000-400 cm™ range.
The magnetic susceptibility measurements were obtained with the
use of MPMS-XL Quantum Design SQUID magnetometer that
works between 1.8 and 400K for dc applied fields ranging from
—7 to 7T. Measurements were performed on a polycrystalline

Clérac, M. Andruh, A novel 2-D coordination
structure and magnetic properties, Polyhedron
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WORKSHOP
“Crystal Engineering of Multifunctional Molecule-Based Materials”
2nd-6th May 2016, Sinaia, Romania

» 30 de participant;;

» din partea franceza, partenerii de proiect: Dr. Marc Fourmigué, Dr. Narcis
Avarvari, Dr. Rodolphe Clérac;

> invitati: Prof. Dominique Luneau (Lyon); Dr. Jean-Pascal Sutter (Toulouse), Prof.
Manuel Aimeida (Lisabona);

» conferinta finala a fost prezentata de catre Prof. Jean-Marie Lehn, laureat al
Premiului Nobel pentru Chimie.

» 0 atentie speciala a fost acordata membrilor tineri din echipa, care au facut

prezentari orale.
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PROGRAM WORKSHOP

Tuesday, May 2

9.00-9.30 Opening

9.30-10.10 Rodolphe Clérac Optical and Magnetic Molecular Switches Based on Metal-to-Metal Electron Transfer Mechanism:

10.10-10.30 Diana Visinescu 3d-4f-4(5)d heterotrimetallic nanomagnets

10.30-11.10 Nicolas Mercier Aggregation Induced Phosphorescence and Mechanochromic Luminescence Properties of Bi(lll) or Pb(ll) Bipyridine-N-oxide
based Compounds

11.10-11.30 Coffee break

11.30-12.10 Narcis Avarvari Chiral methylated BEDT-TTF, EDT-TTF and metal-dithiolene derivatives

12.10-12.30 Maria Alexandru Cyanido metalloligands. Toward heterometallic complexes.

12.30-13.10 Dominique Luneau Coordination chemistry of nitronyl nitroxide radicals. A radical tool for molecule based multifunctional materials

13.10 - 14.30 Lunch

14.30-15.10 Manuel Almeida Magnetism and SMM behavior in Layered lanthanide and Uranium compounds

15.10-15.30 Andreea Dogaru Cyanido-bridged heterometallic systems

15.30 -16.10 Karine Heuzé Functionalization of Core-Shell Magnetic Nanoparticles for Bio-Immobilization and Catalysis

16.10 - 16.50 Abdelkrim El-Ghayoury Metal Induced Modulation of Electronic & Optical Properties of Multifunctional Ligands

Wednesday, May 3

9.00-9.40 Marc Fourmigué Halogen bonding in conducting and magnetic solids

9.40 - 10.00 Mihaela Mocanu New oligonuclear complexes derived from M"(hfac), precursors. Synthesis and characterization.
10.00 - 10.40 Jean-Pascal Sutter H-Bond Stitched Nano-Porous Molecular Framework Materials

10.40 - Coffee break, social program (Peles Castle), lunch

17.00 — 19.00 Meeting ANR — Rapport final

Thursday, May 4

11.00-12.00 |Jean-Marie Lehn |Dynamic Materials. Towards Functional Adaptive Materials.

12.00-12.20 Cristian Ene Mononuclear lanthanide(lll) complexes of symmetrical tripodal ligands - structural investigations to elucidate biochemical
interactions

12.20-12.40 Catalin Maxim Multimetallic complexes obtained by single-crystal-to-single-crystal transformations

12.40-13.00 Teodora Mocanu Organometallic and tetrahedral spacers - new tectons in crystal engineering and metallosupramolecular chemistry

13:00 —14:30 Lunch

14.30 — 14:50 Daniel Rosario-Amorin Soft materials based on molecular magnets and spin switches

14:50 - 15:20 Catalin Anghel 2,5-Disubstituted-1,3,4-oxadiazols based ligands

15:20 - 15:40 Adrian Apostol Homo and heterometallic oligonuclear complexes of Co(ll), Co(lll) and Ni(ll) containing aminoalchools and carboxilate anions

16:00 Closing




