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Rational design of molecular chains made of 4f ions and substituted TEMPO radical is presented. Reaction of Ln(hfac) 3• 2H 2 O and TEMPO-CN radical affords air and moisture-stable isostructural molecular chains of formula [Ln(hfac) 3 TEMPO-CN] n for Ln = Gd III and Tb III whereas zero-dimensional complexes of formula [Dy(hfac) 3 (TEMPO-CN) 2 ][Dy(hfac) 3 (H 2 O) 2 ] 2 are obtained for Ln = Dy III (hfac -= hexafluoroacetylacetonate, TEMPO-CN = 4-Cyano-2,2,6,6tetramethylpiperidine 1-Oxyl).

To the best of our knowledge the Gd derivative, Gd-TEMPO-CN, shows one of the strongest antiferromagnetic (AF) coupling for Gd-radical pairs ever reported with J Gd-rad /k B = -21.18 K, 14.72 cm -1 (H = -J S rad S Gd spin Hamiltonian convention). The Tb III derivative, Tb-TEMPO-CN, also shows strong Tb-radical AF coupling that has been rationalized using ab initio CASSCF approach (J Tb-rad = -23.02 K; -16.7 cm -1 ) and confirmed by luminescence measurements.

Tb-TEMPO-CN shows remarkable properties for a Tb-radical based SMM (U eff = 69.3 ± 1 K; τ 0 = 1.3 x 10 -7 s) and two different relaxation processes triggered by interchain magnetic coupling.

Introduction

Organic radicals are among the most efficient building blocks for the design of molecular magnetic materials. They provide strong magnetic coupling with metallic ions [START_REF] Rajeshkumar | Is a radical bridge a route to strong exchange interactions in lanthanide complexes? A computational examination[END_REF][START_REF] Kanetomo | Strongest Ferromagnetic Coupling in Designed Gadolinium(III)-Nitroxide Coordination Compounds[END_REF][START_REF] Nakamura | Strong exchange couplings in lanthanide complexes with an aliphatic nitroxide radical 1,1,3,3-tetramethylisoindolin-2-oxyl[END_REF] and in particular, they are very well suited to bind 4f ions whose shielded magnetic orbitals are usually a drawback for their use in extended magnetically-coupled structures. Accordingly, a large amount of 4f-magnetic compounds [4][START_REF] Goodwin | Molecular magnetic hysteresis at 60 kelvin in dysprosocenium[END_REF][START_REF] Chen | Dynamic Magnetic and Optical Insight into a High Performance Pentagonal Bipyramidal Dy(III) Single-Ion Magnet[END_REF][START_REF] Pugh | A Low-Symmetry Dysprosium Metallocene Single-Molecule Magnet with a High Anisotropy Barrier[END_REF][START_REF] Liu | A Stable Pentagonal Bipyramidal Dy(III) Single-Ion Magnet with a Record Magnetization Reversal Barrier over 1000 K[END_REF] based on organic radicals including Single Molecule Magnets (SMM) or Single-chain magnets (SCM) has been reported. [START_REF] Demir | Radical ligand-containing singlemolecule magnets[END_REF][START_REF] Preuss | Metal-radical coordination complexes of thiazyl and selenazyl ligands[END_REF][START_REF] Benelli | One-dimensional magnetic materials with dominant next-nearest-neighbor interactions[END_REF][START_REF] Caneschi | Glauber slow dynamics of the magnetization in a molecular Ising chain[END_REF][START_REF] Guo | Strong direct exchange coupling and single-molecule magnetism in indigo-bridged lanthanide dimers[END_REF] Recently, astonishing examples of giant coercivity [START_REF] Demir | Giant coercivity and high magnetic blocking temperatures for N 2 3radical-bridged dilanthanide complexes upon ligand dissociation[END_REF] and strong exchange coupling [START_REF] Rinehart | Strong exchange and magnetic blocking in N(2)(3-)-radical-bridged lanthanide complexes[END_REF] on 4f-radical molecules have been reported.

TEMPO-based radicals (TEMPO = 2,2,6,6-tetramethylpiperidine 1-Oxyl) can be considered as a subclass of nitroxide-based radicals. They show remarkable solid-state magnetic properties [START_REF] Ohira | Anomalous magnetism in organic radical ferromagnets 4-arylmethyleneamino-2,2,6,6tetramethylpiperidin-1-yloxyl just above TC studied by the μSR method[END_REF] with long-range magnetic ordering observable at low temperatures, [START_REF] Ishida | Zero-field muon spin rotation study on TEMPO-based magnets, Ar-CH N-TEMPO[END_REF] that recall the first observation of purely organic ferromagnet on p-nitrophenyl nitronyl nitroxide in the early 90's. [START_REF] Takahashi | Discovery of a quasi-1D organic ferromagnet, p-NPNN[END_REF] Additionally, most of them are temperature-, air-and moisture-stable that is a considerable advantage in the search for advanced magnetic devices. Despite these results TEMPO radicals have received considerably less attention than other radicals [START_REF] Demir | Radical ligand-containing singlemolecule magnets[END_REF][START_REF] Benelli | Magnetism of Lanthanides in Molecular Materials with Transition-Metal Ions and Organic Radicals[END_REF] to build coordination complexes. Indeed, in the search of complexes showing strong Gd-radical magnetic interactions [START_REF] Lescop | Magnetic and optical properties of nitroxide radicals and their lanthanide complexes[END_REF][START_REF] Luneau | Magnetism of metal-nitroxide compounds involving bischelating imidazole and benzimidazole substituted nitronyl nitroxide free radicals[END_REF][START_REF] Xu | A four-spin ring with alternating magnetic interactions formed by pyridine-substituted nitronyl nitroxide radicals and Gd(III) ions: Crystal structure and magnetic properties[END_REF][START_REF] Benelli | Structure and magnetic-properties of a gadolinium hexafluoroacetylacetonate adduct with the radical 4,4,5,5tetramethyl-2-phenyl-4,5-dihydro-1H-imidazole-3-oxide-1-oxyl[END_REF][START_REF] Zhou | Two trispin complexes based on gadolinium and nitronyl nitroxide radicals: Structure and ferromagnetic interactions[END_REF][START_REF] Lescop | Unprecedented Antiferromagnetic Metal-Ligand Interactions in Gadolinium-Nitroxide Derivatives[END_REF][START_REF] Lescop | Structures, and Magnetic Properties of a Series of Lanthanum(III) and Gadolinium(III) Complexes with Chelating Benzimidazole-Substituted Nitronyl Nitroxide Free Radicals. Evidence for Antiferromagnetic GdIII-Radical Interactions[END_REF][START_REF] Benelli | Magnetic properties of lanthanide complexes with nitronyl nitroxides[END_REF][START_REF] Benelli | Structure and Magnetic Properties of Linear Chain Complexes of Rare Earth Ions (Gadolinium, Europium) with Nitronyl Nitroxides[END_REF][START_REF] Benelli | Linear-chain gadolinium(III) nitronyl nitroxide complexes with dominant next-nearest-neighbor magnetic interactions[END_REF][START_REF] Benelli | Gadolinium(III) complexes with pyridine-substituted nitronyl nitroxide radicals[END_REF][START_REF] Ishida | Magnetic study on radicalgadolinium(III) complexes. Relationship between the exchange coupling and coordination structure[END_REF][START_REF] Tsukuda | spectroscopic and magnetic properties of lanthanide(III) complexes with a chelated imino nitroxide radical[END_REF][START_REF] Lescop | Structures, and Magnetic and Optical Properties of a Series of Europium(III) and Gadolinium(III) Complexes with Chelating Nitronyl and Imino Nitroxide Free Radicals[END_REF][START_REF] Kahn | Systematic Investigation of the Nature of The Coupling between a Ln(III) Ion (Ln = Ce(III) to Dy(III)) and Its Aminoxyl Radical Ligands. Structural and Magnetic Characteristics of a Series of {Ln(organic radical)2} Compounds and the Related {Ln(Nitrone)2} Derivatives[END_REF][START_REF] Sutter | Synthesis and Magnetic Behavior of Rare-Earth Complexes with N,O-Chelating Nitronyl Nitroxide Triazole Ligands: Example of a [GdIII{Organic Radical}2] Compound with an S=9/2 Ground State[END_REF] nitroxide radicals other than TEMPO have been preferred with record exchange coupling J = -17.4K (H = -JS Gd •S rad convention) observed on Gd-6bpyNO (6bpyNO = 2,2-bipyridine-6-yl tert-butyl nitroxide). [START_REF] Kanetomo | Giant Exchange Coupling Evidenced with a Magnetization Jump at 52 T for a Gadolinium-Nitroxide Chelate[END_REF] It has been demonstrated that a magnetic field as high as 52 Tesla is necessary to decouple the Gd-radical pair, making Gd-6bpyNO the highest AF coupled molecule from Gd-nitroxide compounds. A small chemical variation on the radical ligand afforded Gd-PhNO (PhNO = tert-butyl phenyl nitroxide) for which the record interaction, ferromagnetic in this case (J = +9 K), has been observed. [START_REF] Kanetomo | Strongest Ferromagnetic Coupling in Designed Gadolinium(III)-Nitroxide Coordination Compounds[END_REF] SMM properties have been also targeted and 4f-nitroxides complexes with interesting magnetic slow relaxation of the Tb III derivative have been reported [START_REF] Kanetomo | Exchange-coupled terbium-radical complex Tb-phNO showing slow reversal of magnetization[END_REF][START_REF] Kanetomo | Single-molecule magnet involving strong exchange coupling in terbium(III) complex with 2,2'-bipyridin-6-yl tert-butyl nitroxide[END_REF][START_REF] Baker | Relationship between Torsion and Anisotropic Exchange Coupling in a TbIII-Radical-Based Single-Molecule Magnet[END_REF][START_REF] Ishida | Spin-Parity Behavior in the Exchange-Coupled Lanthanoid-Nitroxide Molecular Magnets[END_REF][START_REF] Ishida | Chemical trend on the lanthanideradical exchange coupling[END_REF] highlighting that strong Tb-radical magnetic coupling is able to induce efficient SMM properties even on systems where Tb III ions (oblate by nature) [START_REF] Rinehart | Exploiting single-ion anisotropy in the design of felement single-molecule magnets[END_REF] are in quite distorted environment. Such small attention dedicated to TEMPO-based radical is somewhat surprising. First, because their similarity with the above mentioned record-breaking nitroxides should be appealing to build strongly magnetically-coupled molecules. Second, because the spin localization on the NO group of the TEMPO [START_REF] Faber | Hyperfine Structure in the Solution ESR Spectrum of Di-tert-butyl Nitroxide[END_REF] is larger than the one on nitronyl-nitroxides [START_REF] Goldman | 19F and 1H NMR and ESR investigations of aryl-t-butyl nitroxides and nitronylnitroxides[END_REF][START_REF] Ullman | Stable free radicals. X. Nitronyl nitroxide monoradicals and biradicals as possible small molecule spin labels[END_REF] that have been extensively used to build hybrid organic-inorganic magnetic materials. [START_REF] Demir | Radical ligand-containing singlemolecule magnets[END_REF][START_REF] Benelli | Magnetism of Lanthanides in Molecular Materials with Transition-Metal Ions and Organic Radicals[END_REF][START_REF] Caneschi | Toward molecular magnets -the metal-radical approach[END_REF] The coordination of TEMPO radicals on paramagnetic ions might thus lead to molecular edifices with relevant magnetic properties. Indeed, magnetic chains based on 3d ions and 4-subsituted TEMPO radical have been reported and some of them show significant coupling between the 3d ion and the nitroxide radical. [START_REF] Artem'ev | New heterospin chainpolymers based on Cu(hfac) 2 complex with TEMPO derivatives bearing β-(oxy)acrylate moiety: Synthesis, structural and magnetic properties[END_REF][START_REF] Reis | crystal structures and magnetic behaviour of four coordination compounds constructed with a phosphinic amide-TEMPO radical and [M(hfac)2] (M = CuII, CoII and MnII)[END_REF] Similarly, a beautiful example of 2p-3d-4f complexes have been reported with N 3 TEMPO (N 3 TEMPO = 4-azido-2,2,6,6-tetramethylpiperidine-1-oxyl) providing various complex topologies and magnetic behaviors. [START_REF] Escobar | New Families of Hetero-tri-spin 2p-3d-4f Complexes: Synthesis, Crystal Structures, and Magnetic Properties[END_REF] First report of purely 4f ion coordination on TEMPO radicals has been made in 2014 using the genuine TEMPO radical. [START_REF] Murakami | Doubly TEMPO-coordinated gadolinium(III), lanthanum(III), and yttrium(III) complexes. Strong superexchange coupling across rare earth ions[END_REF] The TEMPO-Ln-TEMPO complex showed strong antiferromagnetic superexchange across diamagnetic La III and Y III ions (-7.45 and -24.9 K, respectively), with the Gd III derivative that presents both ferro (+4 K) and antiferromagnetic interaction (-6.45 K). [START_REF] Murakami | Doubly TEMPO-coordinated gadolinium(III), lanthanum(III), and yttrium(III) complexes. Strong superexchange coupling across rare earth ions[END_REF] Interestingly, the Er III derivative [START_REF] Karbowiak | Spectroscopic and magnetic studies of erbium(III)-TEMPO complex as a potential singlemolecule magnet: Interplay of the crystal-field and exchange coupling effects[END_REF] (an ion much less used in molecular magnetism than Dy III and Tb III ) [START_REF] Woodruff | Lanthanide Single-Molecule Magnets[END_REF][START_REF] Pointillart | Uncommon lanthanide ions in purely 4f Single Molecule Magnets[END_REF] shows an SMM behavior that has been rationalized via magneto-luminescent correlations. [START_REF] Cucinotta | Magnetic Anisotropy in a Dysprosium/DOTA Single-Molecule Magnet: Beyond Simple Magneto-Structural Correlations[END_REF] However, the study of a mono-bounded Gd-TEMPO complex showed significantly poorer magnetic behavior, highlighting the versatility of the magnetic coupling sign and strength upon coordination. [START_REF] Nakamura | Magnetic exchange interaction in gadolinium(III) complex having aliphatic nitroxide radical TEMPO[END_REF] TEMPO radical can be substituted to provide a nice example of binuclear compounds showing strong 4f-radical magnetic coupling but also SMM behavior for the Dy III and Tb III derivatives. [START_REF] Reis | Binuclear Lanthanide-Radical Complexes Featuring Two Centers with Different Magnetic and Luminescence Properties[END_REF] This opens the way to extended TEMPO-based structures by appropriate substitution of the para position of the TEMPO radical.

In this work, we have used the TEMPO-CN radical (TEMPO-CN = 4-Cyano-2,2,6,6tetramethylpiperidine 1-Oxyl, Scheme 1) that is able to bind and magnetically couple a lanthanide ion via its NO group but also to give rise to an extended magnetic network [START_REF] Sessoli | Lanthanides and Actinides in Molecular Magnetism[END_REF] X-ray powder diffraction: Powder diffractograms have been obtained using a Panalytical X-Pert Pro diffractometer equipped with an X'celerator detector. Recording condition were 45 kV, 45 mA with Cu K α (λ = 1.542 Å) in θ-θ mode. Simulated patterns from X-ray crystal structure have been obtained with Mercury 3.0 from CCDC.

Magnetic measurements:

Magnetic measurements were performed on hand selected singlecrystals crunched into powders and embedded in Teflon pellets in order to avoid microcrystallite orientation under magnetic field. Magnetometer is a Quantum Design MPMS equipped with a low temperature [START_REF] Nakamura | Strong exchange couplings in lanthanide complexes with an aliphatic nitroxide radical 1,1,3,3-tetramethylisoindolin-2-oxyl[END_REF] He probe for low temperature measurements (0.5 < T < 2 K).

All measurements have been corrected from the contribution of the sample holder and from the diamagnetic contribution as calculated with Pascal's constants.

Luminescence measurements: Solid state emission and excitation spectra have been measured on a Horiba Jobin-Yvon Fluorolog III fluorescence spectrometer equipped with a Xe lamp 450 W, a UV-Vis photomultiplier (Hamamatsu R928, sensitivity 190 -860 nm). Quantum yield measurements were performed using a Jobin-Yvon integrating sphere (E c -E a )/(L a -L c ) with E c being the integrated emission spectrum of the sample, E a the integrated "blank" emission spectrum, L a the "blank" absorption and L c the sample absorption at the excitation wavelength).

The emission/excitation spectra and quantum yield recordings were realized on powder samples introduced in cylindrical quartz cells of 0.7 cm diameter and 2.4 cm height, which were placed directly inside the integrating sphere. For the Tb(III) compound, single crystals were selected and mounted directly onto copper plates using conductive silver glue and cooled in an optical cryostat capable of reaching temperatures down to 77 K through a continuous nitrogen liquid flow and a nitrogen atmosphere inside the sample chamber (OptistatCF Oxford Inst.).

Luminescence decays have also been measured using this apparatus with a Xenon flash lamp (phosphorescence mode). Lifetimes and quantum yields are averages of two independent determinations. Appropriate filters were used to remove the residual excitation laser light, the Rayleigh scattered light and associated harmonics from spectra. All spectra were corrected for the instrumental response function.

Crystal structure determination: Crystals have been mounted on a Bruker AXS diffractometer (APEXII) and crystal structures have been collected at 150 K with Mo K α (λ = 0.71073 Å) radiation. Data reduction and cell refinement were performed with Denzo and Scalepack 59 , crystal structures were solved by SIR97 [START_REF] Altomare | SIR97: a new tool for crystal structure determination and refinement[END_REF] and refined by SHELX97 [START_REF] Sheldrick | High-resolution refinement[END_REF] via WINGX [START_REF] Farrugia | WinGX and ORTEP for Windows: an update[END_REF] interface.

Hydrogens atoms were located to ideal positions. Squeeze procedure has been used to remove disordered solvent molecules. Crystal data can be found free of charge from Cambridge Crystallographic Data Center (wwww.ccdc.cam.ac.uk/data_request/cif) under reference (CCDC 1848211 (Dy-TEMPO-CN) and CCDC 1848892 (Tb-TEMPO-CN) Computational details: CASSCF and SA-CASSCF/RASSI-SO calculations were carried out on the monomeric model complex of Tb-TEMPO-CN (see discussion section). The atomic positions of the molecule were extracted from the X-ray crystal structures and no geometry optimization was performed. All calculations were performed with the MOLCAS quantum chemistry package (versions 8.0). [START_REF] Roos | Main Group Atoms and Dimers Studied with a New Relativistic ANO Basis Set[END_REF] First, in order to compute the isotropic magnetic coupling between the Tb(III) ion and the radical ligand, CASSCF calculations were carried out without considering spin-orbit effects. The active space consisted in the seven 4f-orbitals of the Tb(III) ion plus the singly-occupied antibonding π* orbital of the TEMPO-CN ligand: 9 electrons in 8 orbitals, CAS (9,8). Calculations were done on both the ferromagnetic and antiferromagnetic states obtained from the interaction of the unpaired electron of the TEMPO-CN radical and the unpaired electrons of the lanthanide ion. Thus the lowest octuplet and sextuplet were calculated. The value of the exchange coupling constant was computed within the Heisenberg model.

Second, the local electronic and magnetic properties on the Tb center were computed at the SA-CASSCF/RASSI-SO level by doping the TEMPO-CN radical with an extra electron to obtain a diamagnetic analogue. The active space only consists in 8 electrons in seven 4f-orbitals, i.e. CAS (8,7). In this approach, spin-orbit coupling was added within the restricted-active-space state-interaction (RASSI-SO) method, which uses the CASSCF spin-free wavefunctions as basis states. [START_REF] Malmqvist | The CASSCF state interaction method[END_REF][START_REF] Malmqvist | The restricted active space (RAS) state interaction approach with spin-orbit coupling[END_REF] State-averaged CASSCF calculations were performed for the seven septuplets and 140 quintuplets of the Tb(III) ion. All states were included in the RASSI-SO calculation. The resulting wavefunctions and energies are used to compute the magnetic properties and g-tensors of the lowest states from the energy spectrum by using the pseudospin S = 1/2 formalism in the SINGLE-ANISO routine. [START_REF] Chibotaru | Ab initio calculation of anisotropic magnetic properties of complexes. I. Unique definition of pseudospin Hamiltonians and their derivation[END_REF] This is made possible because despite being a non-Kramers ion, quasi-degenerate ground and first-excited spin-orbit states are found for Tb(III) (vide infra, Table S8). Simulations of χ M T data were done with the POLY_ANISO program [START_REF] Chibotaru | The origin of nonmagnetic Kramers doublets in the ground state of dysprosium triangles: Evidence for a toroidal magnetic moment[END_REF][START_REF] Ungur | Ab initio investigation of the non-collinear magnetic structure and the lowest magnetic excitations in dysprosium triangles[END_REF][START_REF] Chibotaru | Structure, Magnetism, and Theoretical Study of a Mixed-Valence CoII3CoIII4 Heptanuclear Wheel: Lack of SMM Behavior despite Negative Magnetic Anisotropy[END_REF] using the computed single ion anisotropy. The exchange coupling interaction between the Tb center and the coordinated isotropic S = ½ radical was computed within the Lines model. Cholesky decomposition of the bielectronic integrals was employed to save disk space and speed-up the calculations. [START_REF] Aquilante | Cholesky decomposition-based multiconfiguration second-order perturbation theory (CD-CASPT2): Application to the spin-state energetics of Co-III(diiminato)(NPh)[END_REF] All atoms were described by ANO-RCC basis sets. [START_REF] Roos | Main Group Atoms and Dimers Studied with a New Relativistic ANO Basis Set[END_REF][START_REF] Roos | New relativistic ANO basis sets for transition metal atoms[END_REF][START_REF] Roos | New Relativistic Atomic Natural Orbital Basis Sets for Lanthanide Atoms with Applications to the Ce Diatom and LuF3[END_REF] The following contractions were used: [8s7p4d3f2g1h] for Tb, [4s3p2d] for the O and N atoms, [3s2p] for C and F atoms and [2s] for the H atoms.

RESULTS AND DISCUSSION

Crystal structure description

The reaction of Dy(hfac) 3 •2H 2 O and TEMPO-CN radical affords compound Dy-TEMPO-CN that crystalizes in the C2/c space group (N°15). Main crystallographic data are reported in Table 1. The crystal structure can be described as one Dy(hfac) 3 entity (that involves Dy1 atom) coordinated by two different TEMPO-CN ligands through their NO groups that host the radical (Figure 1). Such coordination mode is likely to provide strong radical-Dy coupling. This Numerous highly disordered solvent molecules have been found in between the planes and removed in the refinement process (Squeeze procedure). Dy1 is coordinated by six oxygen atoms from three hfac -anions and two nitroxide oxygen atoms from two radicals. Dy2 is coordinated by six oxygen atoms from three hfac -anions and two oxygen atoms from two water molecules.

Selected bond lengths and angles are listed in Table S1. The geometry of Dy1 coordination polyhedron is a triangular dodecahedron (D 2d , Continous Shape Measurement factor CSM = 0.431, Table S2) [START_REF] Alvarez | Shape maps and polyhedral interconversion paths in transition metal chemistry[END_REF][START_REF] Alvarez | Polyhedra in (inorganic) chemistry[END_REF] for its Gd III analogue, Gd-TEMPO-CN, but isostructurality is evidenced by powder X-ray diffraction (Figure S2). Compound Tb-TEMPO-CN crystallizes in the triclinic P-1 space group (N°2). Main crystallographic data are reported in Table 1. The asymmetric unit is made of one Tb(hfac) 3 entity bounded to one TEMPO-CN molecule through its NO group from one side and another TEMPO-CN molecule through its CN group from the other side (Figure 2 and Figure 3).

The N TEMPO -Tb-O TEMPO angle is 146.29° and the torsion angle of CN and NO group of a same TEMPO-CN is 170.40°. Overall a molecular chain is formed along the b axis. The Tb ion is in a O 7 N 1 environment made of 6 oxygen atoms from three hfac -ancillary ligands, one oxygen from a NO group of a TEMPO-CN and one nitrogen from a CN group of another TEMPO-CN. The coordination environment is a distorted square antiprism (D 4d , CSM= 0.929, see Table S2).

The Tb-O hfac bond lengths are in the 2.330(3)-2.387(3) Å range, while the Tb-O TEMPO bond length is 2.2891(2) Å, slightly shorter than that of Tb-O hfac . The Tb-N bond lengths are 2.540(3) Å. Additional bond lengths and angles are listed in Table S3. The shortest intrachain Tb-Tb distance is 11.12(6) Å, ruling out strong in-chain metal-metal and radical-radical interactions. The shortest interchain Tb-Tb distances are 8.41(5) Å, suggesting possible dipoledipole interactions between the chains. One can note that it has not been possible to obtain an isostructural compound made of Gd III ion for this derivative. For a given lanthanide the crystallization of one crystal structure or the other maybe driven by the ionic radius of the Ln III as commonly observed. 75

Table 1. Main crystallographic information for Dy-TEMPO-CN and Tb-TEMPO-CN.

Static magnetic properties

In order to quantify the magnetic coupling abilities of the TEMPO-CN radical with 4f ions we have investigated first the Gd III derivative, [Gd(hfac) 3 TEMPO-CN)] n (Gd-TEMPO-CN), that is isostructural to Tb-TEMPO-CN. The room temperature χ M T value is 8.38 cm 3 .K.mol -1 (Figure 4), close to the theoretical value expected for an uncoupled Gd III ion ( 8 F 7/2 , g = 2, χ M T = 7.88 cm 3 .K.mol -1 ) plus one radical spin (χ M T = 0.375 cm [START_REF] Nakamura | Strong exchange couplings in lanthanide complexes with an aliphatic nitroxide radical 1,1,3,3-tetramethylisoindolin-2-oxyl[END_REF] .K.mol -1 ). Upon cooling, the χ M T value decreases progressively to reach a plateau around 15 K for χ M T = 6.06 cm 3 .K.mol -1 . This is a clear signature of a system that reaches S total = 3. A final drop until 5.5 cm 3 .K.mol -1 at 2 K is attributed to weak intermolecular (interchain) antiferromagnetic couplings. [START_REF] Murakami | Doubly TEMPO-coordinated gadolinium(III), lanthanum(III), and yttrium(III) complexes. Strong superexchange coupling across rare earth ions[END_REF] This behavior has been fitted considering the spin Hamiltonian H = -J S rad S Gd with the introduction of a mean field zJ' intermolecular interaction (eq.1).
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Best fit is obtained for J Gd-rad /k B = -21.18 ± 0.24 K (-14.72 cm -1 ), g = 2.01 ± 0.001, zJ' = -0.029 ± 0.001 K and R 2 = 0.99804. To the best of our knowledge this value is among the highest Gd-radical couplings ever reported and is overcome only by two reports on N 2 3-radical bridged dimers. [START_REF] Rinehart | Strong exchange and magnetic blocking in N(2)(3-)-radical-bridged lanthanide complexes[END_REF][START_REF] Meihaus | Influence of an Inner-Sphere K+ Ion on the Magnetic Behavior of N23-Radical-Bridged Dilanthanide Complexes Isolated Using an External Magnetic Field[END_REF] Indeed coupling constants on Gd-nitronyl-nitroxide radicals [START_REF] Demir | Radical ligand-containing singlemolecule magnets[END_REF] or Gd-nitroxide radicals (see Scheme 2 and Table 2) are usually below a dozen of Kelvin. [START_REF] Demir | Radical ligand-containing singlemolecule magnets[END_REF][START_REF] Ishida | Magnetic study on radicalgadolinium(III) complexes. Relationship between the exchange coupling and coordination structure[END_REF][START_REF] Reis | Binuclear Lanthanide-Radical Complexes Featuring Two Centers with Different Magnetic and Luminescence Properties[END_REF][START_REF] Hsu | Ferromagnetic coupling in a novel dicyanamide-bridged dinuclear gadolinium(III) complex [Gd2(dca)4(OH)[END_REF] The additional antiferromagnetic interchain interaction zJ' is found rather weak which is a common observation of dipolar interchain coupling in 4f-radical-based chains. [START_REF] Bogani | Single chain magnets: where to from here[END_REF][START_REF] Hu | A new family of Ln-radical chains (Ln = Nd, Sm, Gd, Tb and Dy): synthesis, structure, and magnetic properties[END_REF][START_REF] Liu | Dynamic magnetic behavior and magnetic ordering in one-dimensional Tb-nitronyl nitroxide radical chain[END_REF] The field dependence of magnetization at 2 K is depicted in the inset of Figure 4 and magnetization saturates at 6.06 μ B close to the value expected for a S total = 3 and g = 2 that confirms the strong AF coupling. Indeed the curve is almost superimposable with a simulation using Brillouin function for S = 3 at 2 K. [START_REF] Kahn | Molecular Magnetism[END_REF] On a theoretical point of view, DFT approaches demonstrated that the magnetic coupling mechanism is based on the overlap between the Gd III magnetic orbitals and π* orbitals of the radical, these latter being able to gain occupation from the 5d/6s/6p Gd III empty orbitals via charge transfer mechanism. [START_REF] Gupta | Magnetic exchange in {GdIII-radical} complexes: method assessment, mechanism of coupling and magneto-structural correlations[END_REF] In this framework, the influence of Gd-O bond distance and/or on Gd-X-Y-C sp2 dihedral angles (where X-Y stands for O-N, O-C, N-C or N-N atoms) 2 has been considered. Actually, these two parameters have been used empirically to establish magneto-structural correlations on Gd-nitroxide radical derivatives. [START_REF] Kanetomo | Strongest Ferromagnetic Coupling in Designed Gadolinium(III)-Nitroxide Coordination Compounds[END_REF][START_REF] Kanetomo | Giant Exchange Coupling Evidenced with a Magnetization Jump at 52 T for a Gadolinium-Nitroxide Chelate[END_REF][START_REF] Baker | Relationship between Torsion and Anisotropic Exchange Coupling in a TbIII-Radical-Based Single-Molecule Magnet[END_REF][START_REF] Kanetomo | Strongest Exchange Coupling in Gadolinium(III) and Nitroxide Coordination Compounds[END_REF] However, aforementioned DFT studies conclude that if each of these parameters is found relevant, no clear trend considering their mixed contribution over large series of compounds has been found. [START_REF] Gupta | Magnetic exchange in {GdIII-radical} complexes: method assessment, mechanism of coupling and magneto-structural correlations[END_REF] We obtained a similar conclusion here on Gd-nitroxide compounds reported in Table 2. Abbreviations: 2PyNO = tert-butyl 2-pyridyl nitroxide, DTBN = di-t-butylnitroxide, 6bpyNO = 2,2-bipyridine-6-yl tert-butyl nitroxide, phNO = tert-butyl phenyl nitroxide, 3tolNO = N-tert-butyl-N-(3-tolyl)hydroxylamine), 4tbNO = N-tert-butyl-N-(4-tert-butylphenyl)hydroxylamine, TMIO = 1,1,3,3-tetramethylisoindolin-2-oxyl, dppn = (diphenylphosphinyl)amino, IPhIN = 1-iodo-3,5-bis(4',4',5',5'-tetramethyl-4',5'-dihydro-1H-imidazole-1'oxyl)benzene), TEMPO = 2,2,6,6-tetramethylpiperidine 1-Oxyl.

Derivatives likely to give rise to SMM behavior 86 (Dy-TEMPO-CN and Tb-TEMPO-CN)

have been also investigated by static magnetic measurements carried out on polycrystalline powders. On Dy-TEMPO-CN, the room temperature χ M T value is 43.59 cm 3 .K.mol -1 in agreement with the expected value of 43.26 cm 3 .K.mol -1 for three isolated Dy III ions ( 6 H 15/2 , g = 4/3,     = 14.17 cm 3 .K.mol -1 ) plus two radicals spins (    = 0.75 cm 3 .K.mol -1 ) (Figure S3). Upon cooling, the χ M T value decreases to reach 26.03 cm [START_REF] Nakamura | Strong exchange couplings in lanthanide complexes with an aliphatic nitroxide radical 1,1,3,3-tetramethylisoindolin-2-oxyl[END_REF] .K.mol -1 at 2.0 K. This behavior is interplay between the depopulation of the Stark sub-levels of each of the Dy III ions (Dy1 and Dy2) and possible Dy2-Dy2 and radical-Dy1 interactions. These numerous pathways for magnetic interactions make the evaluation of the radical-Dy1 interaction hardly reliable.

On Tb-TEMPO-CN, the room temperature χ M T value is 11.98 cm 3 .K.mol -1 close to the expected value of 12.20 cm 3 .K.mol -1 for an uncoupled Tb III ion ( 7 F 6 , g = 3/2,     = 11.82 cm 3 .K.mol -1 ) plus one radical spin (    = 0.375 cm 3 .K.mol -1 ). Upon cooling, the χ M T value decreases progressively to reach a plateau clearly visible at 5 K followed by a decrease towards 7.29 cm 3 .K.mol -1 at 2 K. A slight kink around 6 K is clearly visible (Figure 5). This lets suspect a dual contribution of the depopulation of Stark sub-levels of the Tb III ion and an antiferromagnetic (AF) coupling in the Tb-radical pair. At low temperature (T < 5 K) the additional contribution of AF inter-chain interactions is also suspected. 

Ab-initio calculations

To get insights into the magnetic properties of Tb-TEMPO-CN, a two-step computational protocol based on CASSCF calculations was followed (see Computational details). This approach was used previously by Totti and coworkers on other series of lanthanide-radical complexes. [START_REF] Reis | Binuclear Lanthanide-Radical Complexes Featuring Two Centers with Different Magnetic and Luminescence Properties[END_REF][START_REF] Reis | First coordination compounds based on a bis(imino nitroxide) biradical and 4f metal ions: synthesis, crystal structures and magnetic properties[END_REF][START_REF] Patrascu | A chimeric design of heterospin 2p-3d, 2p-4f, and 2p-3d-4f complexes using a novel family of paramagnetic dissymmetric compartmental ligands[END_REF] On one hand, SA-CASSCF/RASSI-SO calculations on the model complex (see Figure 6) with an extra electron on the TEMPO-CN radical have been performed. The computed energies of the low-lying electronic states are given in Table S8 and evidence both the quasidegenerate ground spin-orbit state (0.17 cm -1 ) and an overall splitting of the 7 F 6 level of 501 cm -1 , in agreement with luminescence data (see below). Strong local easy-axis has been calculated for Tb (g x = 0.000; g y = 0.000; g z = 17.74). As shown in Figure 6, the easy axis is orientated almost parallel to the square faces of the coordination polyhedron. On the other hand, CAS(9,8)SCF calculations with no spin-orbit contribution were carried out on the lowest octuplet and sextuplet states. Within the Heisenberg model, an antiferromagnetic J (Tb-rad) coupling of -23.02 K (-16.7 cm -1 ) was computed. Based on these calculations the χ M T vs. T curve was simulated with a great agreement with the experimental data (Figure 5 and Figure S4). No interchain interactions were considered in the simulations, explaining that the drop at low temperature is not reproduced. 

Magneto-luminescent correlations

Lanthanide ions can present luminescence in the visible region upon UV irradiation. [START_REF] Bünzli | On the design of highly luminescent lanthanide complexes[END_REF] Some of us demonstrated that the detailed investigation of solid state luminescent spectrum of Ln-based SMMs is able to provide information on the energy scheme responsible for their magnetic behavior. [START_REF] Cucinotta | Magnetic Anisotropy in a Dysprosium/DOTA Single-Molecule Magnet: Beyond Simple Magneto-Structural Correlations[END_REF][START_REF] Boulon | Magnetic Anisotropy and Spin-Parity Effect Along the Series of Lanthanide Complexes with DOTA[END_REF] This has also been generalized for NIR emissive Ln-SMM. [START_REF] Pointillart | Uncommon lanthanide ions in purely 4f Single Molecule Magnets[END_REF][START_REF] Kishi | Luminescence and Single-Molecule-Magnet Behaviour in Lanthanide Coordination Complexes Involving Benzothiazole-Based Tetrathiafulvalene Ligands[END_REF][START_REF] Soussi | Magnetic and photo-physical investigations into DyIII and YbIII complexes involving tetrathiafulvalene ligand[END_REF][START_REF] D'aleo | Charge transfer excited states sensitization of lanthanide emitting from the visible to the near-infra-red[END_REF][START_REF] Yi | Unraveling the Crystal Structure of Lanthanide-Murexide Complexes: Use of an Ancient Complexometry Indicator as a Near-Infrared-Emitting Single-Ion Magnet[END_REF] Since then magneto-luminescent correlations flourished. [START_REF] Long | Recent advances in luminescent lanthanide based Single-Molecule Magnets[END_REF] Low temperature (77 K) solid state luminescence spectra measured on a single-crystal of Tb-TEMPO-CN are provided in Figure 7. The excitation spectrum highlights a broad band below 330 nm that is attributed to π*(hfac) → π(hfac) transitions. [START_REF] Yi | A Luminescent and Sublimable Dy-III-Based Single-Molecule Magnet[END_REF] Hence, with λ exc = 325 nm the characteristic Tb III emission from 5 D 4 → 7 F J radiative transitions is observed. Detailed measurement of the 5 D 4 → 7 F 6 transition is provided in Figure 7 (see also Figures S5-S6). The overall splitting of the 7 F 6 level is estimated to be 510 cm -1 that well matches with ab-initio calculations (501 cm -1 ). Further deconvolution and analysis of this emission peak has not been possible because of the low emissive properties of Tb-TEMPO-CN. Accordingly, no reliable quantum yield and lifetime measurement could be extracted. No emission has been observed on Dy-TEMPO-CN. For information we provide the luminescence measurements of the Eu-TEMPO-CN in Figures S7. A quantum yield of φ Lig-Eu = 1.1(1)% associated with a lifetime of τ = 0.43(1) ms is observed. 

Dynamic magnetic properties

Dynamic magnetic measurements have been performed on Dy-TEMPO-CN and

Tb-TEMPO-CN.

On the Dy derivative no zero-field χ M " signal has been observed. An optimum dc field of H dc = 2400 Oe was necessary to remove fast relaxing processes in the sample (Figure S8). Two sets of peaks can be observed, in line with the presence of two different Dy ions in the crystal structure (Figure 8 andS9). The extraction of the relaxation times (τ) in an Arrhenius plot (lnτ vs T -1 ) affords two linear regimes that can be fitted tentatively considering an Orbach relaxation process (τ = τ 0 exp(U eff /k B T), with τ 0 the characteristic relaxation time and U eff the effective energy barrier for spin reversal). Given the crossover between the two regimes it has been impossible to consider additional relaxation processes (Raman, …) without reasonable errors. Fitting provides U eff = 11.3 ± 0.7 K with τ 0 = 1.04 x 10 -5 s for the low temperature regime and U eff = 8.9 ± 0.5 K with τ 0 = 1.10 x 10 -5 s for the high temperature regime (Figure 9, Table S4). The two relaxation regimes are also clearly evidenced on Cole-Cole plots (Figure 9, Table S5). These plots allow estimating the distribution of the relaxation times in the sample with 0 < α < 1 for a single (α = 0) or an infinite distribution of the relaxation times (α = 1). On Dy-TEMPO-CN, α values are quite high with 0.48 < α < 0.56 and 0.27 < α < 0.39 for the low and high temperature regimes, respectively. The Tb derivative (Tb-TEMPO-CN) shows significantly better magnetic slow relaxation than 1. Under an optimum dc fied of 2000 Oe (Figure S10) frequency dependence of ac signals is observed for temperatures as high as 10 K (Figure 10). Extraction of the relaxation times (Table S6) affords an Arrhenius plot whose high temperature regime (8 < T < 10 K) can be fitted considering an Orbach relaxation process to afford U eff = 69.3 ± 1 K which is among the highest values for a Tb-nitroxide or Tb-nitronyl-nitroxide compound (see Table 3) associated with τ 0 = 1.31 x 10 -7 s. These findings confirm that strong interaction between Tb III ion and S = 1/2 spin carriers such as radicals or Cu II ions 96 leads to remarkable SMM behavior. At lower temperature (T < 6 K) another linear regime is observed (U eff = 20.1 ± 0.2, τ 0 = 1.9 x 10 -4 s). It is worth noticing that any attempts to fit the extracted relaxation times (τ) over the whole investigated temperature range failed even considering combinations of various relaxation processes. The low temperature regime is then related to a magnetic object that is severely affected by interchain interactions. This is in line with static magnetic measurement where a kink at 6 K is observed (Figure 5). This also recalls the observation made on Gd-TEMPO-CN where sizeable interchain interaction has been quantified below 6 K (Figure 4). Last, this is in agreement with our recent study that demonstrates that small interchain dipolar couplings at relatively long distances have a significant impact on the magnetic relaxation of lanthanide ions. 97 No further flattening of the Arrhenius plot is observed at low temperature suggesting that the combination of the Tb-radical magnetic coupling and the applied dc field efficiently suppresses quantum tunneling in Tb-TEMPO-CN. This prompted us to perform low temperature (T = 0.5 K) hysteresis measurement and a very small opening of magnetic hysteresis loop is observed around 2000 Oe (Figure S11).

In order to confirm these findings Cole-Cole plots have been fitted (Figure 11, Table S7) and two regimes can be observed. At high temperature low α values (α 9K = 0.005) associated with a relaxing fraction of (1-(χ S /χ T )) = 82% (with χ S the adiabatic, χ T the isotherm susceptibility and

(1-(χ S /χ T )) represents the amount of sample that undergoes magnetic slow relaxation) are observed. In the low temperature regime (T < 6 K) a better relaxing fraction is observed (ca 90%) but with higher α, (α 2K = 0.44). This is in line with the presences of several interchain interactions below 6 K that broadens the relaxation times distribution. 

CONCLUSION

In this study Ln III ions have been associated with TEMPO-CN radical with the aim of building molecular magnetic chains. Indeed the CN group of the radical ligand is able to bind Gd III and Tb III ions to form 1D molecular edifice in which strong Ln-radical AF interaction is observed.

For Gd-TEMPO-CN the coupling is J Gd-rad = -21.18 K (zJ' = -0.029 K) the highest Gd-radical coupling ever reported with nitroxide-based radicals. Tb-TEMPO-CN shows a similar behavior with J Tb-rad = -23.02 K estimated from ab-initio calculations. Magneto-luminescent correlations have been undertaken and single-crystal luminescence measurements of the overall splitting of the 7 F 6 ground state well match with the one found via ab-initio calculations. Additionally Tb-TEMPO-CN shows significant SMM behavior for Ln-radical-based compound with U eff = 69.3 ± 1 K and τ 0 = 1.31 x 10 -7 s. These findings are extremely promising for the design of new air and moisture stable magnetic materials and propose TEMPO radicals as an efficient alternative to the widely used nitronyl-nitroxide radicals. 

Ab initio calculations

Scheme 1 .

 1 Scheme 1. Scheme of the TEMPO-CN radical (TEMPO-CN = 4-Cyano-2,2,6,6-

  molecule is surrounded by two uncoordinated Dy(hfac) 3 •2H 2 O molecules (that involve Dy2 atoms) that interact through H-bonds via one of their water molecules and the CN groups of the TEMPO-CN radicals. The second water molecule is involved in H-bonding with another Dy(hfac) 3 •2H 2 O molecule that further H-bonds another TEMPO-CN ligand (Figure 1, Figure S1). Overall the compounds can be considered as planes where radical-Dy-radical molecules alternate with chains of Dy(hfac) 3 •2H 2 O molecules. In these molecules Dy2-O hfac-distances are in the range 2.302(4)-2.414(3) Å while for Dy1-O hfac-the range is 2.336(3)-2.345(4). O4-Dy1-O4 angle is 141.14° and the two radical coordinated to Dy1 are almost parallel.

  whereas Dy2 can be described either by a distorted square antiprism (D 4d , CSM = 0.937) or a triangular dodecahedron (D 2d , CSM = 0.911). The smallest Dy-Dy distance is found between uncoordinated Dy(hfac) 3 molecules and the closest radical-Dy-radical molecule and is 6.06 Å. Last, it is worth noticing that all attempts to force the uncoordinated Dy(hfac) 3 •2H 2 O entity to bind the CN group of the radical were unsuccessful (various heating procedures, reactant excess, …).

Figure 1 .

 1 Figure 1. (top) Representation of Dy-TEMPO-CN and (bottom) coordination polyhedron of the two Dy III ions. Hydrogen and fluorine atoms omitted for clarity.

Formula

  

C 65 H

 65 51 F 54 N 4 O 24 Dy 3 [Dy(hfac) 3 (TEMPO-CN) 2 ][Dy(hfac) 3 (H 2 O) 2 ] 2 (Dy-TEMPO-CN) C 25 H 20 F 18 N 2 O 7 Tb [Tb(hfac) 3 TEMPO-CN] n (Tb-TEMPO-CN)

Figure 2 .

 2 Figure 2. Representation of Tb-TEMPO-CN (hydrogen and fluorine atoms omitted for clarity).

Figure 3 .

 3 Figure 3. Representation of the crystal packing of Tb-TEMPO-CN close to the bc plane (top)

Figure 4 .

 4 Figure 4. Temperature dependence of the χ M T product for Gd-TEMPO-CN with the best fit obtained with equation 1 (J Gd-rad /k B = -21.18 ± 0.24 K (-14.72 cm -1 ), g = 2.01 ± 0.001,

Figure 5 .

 5 Figure 5. Temperature dependence of the χ M T product for Tb-TEMPO-CN with low

Figure 6 .

 6 Figure 6. Representation (2 orientations are given) of the calculated fragment of Tb-TEMPO-

Figure 7 .

 7 Figure 7. (top) Solid state emission (dotted) and excitation (full line) measured at 77 K (blue

Figure 8 .

 8 Figure 8. Frequency dependence of the in-phase (left) and out-of-phase (right) magnetic

Figure 9 .

 9 Figure 9. (left) Plot of ln(τ) versus (T -1 ) for complex Dy-TEMPO-CN with fits of Orbach

Figure 10 .

 10 Figure 10. (left) Frequency dependence of the in-phase (top) and out-of-phase (bottom)

Figure 11 .

 11 Figure 11. (left) Plot of ln(τ) versus (T -1 ) for Tb-TEMPO-CN with the two linear regimes

38 Tb-

 38 Abbreviations: Pc = phthalocyaninate, tBu = tert-butyl, S-DOP = S-dodexyloxypropane, hfac = (1,1,1,5,5,5)hexafluoroacetylacetonate, acac = acetylacetonate, tfa = trifluoroacetylacetonate, NITPhOEt = 4'-ethoxy-phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide, NIT-5-Py-3Br = 2-(5-bromo-3-pyridine)-4,4,5,5-tetramethyl-4,5-dihydro1-H-imidazolyl-1-oxy-3-oxide, NIT2Py = 2-(2'-pyridyl)-4,4,5,5-tetramethyl-4,5-dihydro1-H-imidazolyl-1oxy-3-oxide, Phtfac = phenyltrifluoroacetylacetonate, NIT4Py = 2-(4'-pyridyl)-4,4,5,5-tetramethyl-4,5-dihydro1-Himidazolyl-1-oxy-3-oxide, NITPhPO(OEt)2 = (diethoxylphosphine oxide)-4′-phenyl-4,4,5,5tetramethylimidazoline-1-oxyl-3-oxide, NIT3Py = 2-(3'-pyridyl)-4,4,5,5-tetramethyl-4,5-dihydro1-H-imidazolyl-1oxy-3-oxide, NITpic = picolinate-4,4,5,5-tetramethyl-4,5-dihydro1-H-imidazolyl-1-oxy-3-oxide, NITBzImH = 2-(2benz-imidazolyl)-4,4,5,5-tetramethyl-4,5-dihydro-1H-imidazolyl-3-oxide-1-oxide, NITPhOPh = 2,4'-benzoxo-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide, NIT-2thien = 2-(2'-thienyl)-4,4,5,5-tetramethyl-imidazoline-1-oxyl-3-oxide, NIT-3Brthien = 2-(3'-bromo-20-thienyl)-4,4,5,5-tetramethyl-imidazoline-1-oxyl-3-oxide), NIT-Ph-2OEt = 2-(2′-ethoxyphenyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide), NIT5-Indazole = 5-(1′-oxyl-3′-oxido-4′,4′,5′,5′-tetramethyl-4,5-hydro-1H-imidazol-2-yl)-1H-indazole), NIT-3Brthien = 2-(3'-bromo-20-thienyl)-4,4,5,5tetramethyl-imidazoline-1-oxyl-3-oxide), NIT-I = 2-iodo-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide, 2PyNO = tert-butyl 2-pyridyl nitroxide, NITPhImbis = 1-imidazole-3,5-bis(1'-oxyl-30-oxido-4',4',5',5'tetramethyl-4,5-hydro-1H-imidazol-2-yl)benzene, NITPhCOOMe = 2-(4-(methoxycarbonyl)phenyl)-4,4,5,5tetramethylimidazolin-1-oxyl-3-oxide), 6bpyNO = 2,2'-bipyridin-6-yl-tert-butyl nitroxide), phNO = tert-butyl phenyl nitroxide, TEMPO = 2,2,6,6-tetramethylpiperidine 1-Oxyl.

Figure S11 .

 S11 Figure S11. Hysteresis loop for Tb-TEMPO-CN measured at 0.5 K with a magnetic field sweep rate of 16 Oe.s -1 .

  

  

  

  

  

  

  

  

  

  

  

  Elemental Analysis Calculated (%) for C 65 H 51 F 54 N 4 O 24 Dy 3 : C, 27,97; H, 1.84; O, 13.76; found (%) C, 26.82; H, 1.81; O, 12.89. C 25 H 20 F 18 N 2 O 7 Tb 1 : C, 31.22; H, 2.10; O, 11.65; found (%) C, 31.16; H, 2.14; O, 11.69. C 25 H 20 F 18 N 2 O 7 Gd 1 : C, 31.25; H, 2.10; O, 11.66; found (%) C, 31.21; H, 2.13; O, 11.71. C 25 H 20 F 18 N 2 O 7 Eu 1 : C, 31.41; H, 2.11; O, 11.72;

	found (%) C, 31.32; H, 2.10; O, 11.72.

Table 2

 2 

for coupling values and abbreviations).

Table 2 :

 2 Magnetic

	Compound	J rad-Ln (K)	Ref
	Gd III -based compounds		
	Gd(hfac) 3 (2PyNO)(H 2 O)	-6.9	31
	Gd(hfac) 3 (DTBN)(H 2 O)	-5.8	84
	Gd(hfac) 3 (6bpyNO)	-15.9 revised to -17.4	36,83
	Gd(hfac) 3 (phNO)	+9	2
	Gd(hfac) 3 (3tolNO)	8.35	2
	Gd(hfac) 3 (4tbNO)	3.75	2

coupling constants (K) observed on Gd III or Tb III nitroxide-based complexes (extension to other type of radicals available in ref

[START_REF] Demir | Radical ligand-containing singlemolecule magnets[END_REF] 

).

Table 3 .

 3 Spin relaxation barrier (U eff ) and pre-exponential factors (τ 0 ) for Tb-radical SMMs (modified and completed from Ref.[START_REF] Demir | Radical ligand-containing singlemolecule magnets[END_REF] ).

	Compound	Structure	H dc	U eff	τ 0	Ref
			(kOe)	(K)	(s)	
	Phthalocyanines					
	Tb(Pc)(Pc(O(C 6 H 4 )-p-tBu) 8 )	Mononuclear	0	652	1.1 x 10 -11	98
	Tb(Pc)(Pc(tBu) 4 )	Mononuclear	0	642	2.2 x 10 -11	98
	Tb[Pc(O(C 6 H 4 )-p-tBu) 8 ] 2	Mononuclear	0	504	2.2 x 10 -11	98
	[Tb(Pc(S-DOP) 8 ) 2 ] cr	Mononuclear	0	480	6.9 x 10 -12	99
	[Tb(Pc(S-DOP) 8 ) 2 ] dis	Mononuclear	0	422	1.7 x 10 -10	99
	TbPc 2	Mononuclear	0	410	1.5 x 10 -9	100
	(Pc)Tb[Pc[N-(C 4 H 9 ) 2 ] 8 ]	Mononuclear	0	657	8.9 x 10 -13	101
	((15-C-5) 4 Pc)Tb	Dinuclear	0	350	1.93 x 10 -9	102
	[(((15-C-5) 4 Pc)Tb) 2 K 4 ] 4+	Dinuclear	0	360	4.42 x 10 -9	102
	2,3					

,5,6-tetra(2-pyridyl)-pyrazine (tppz)

  

	Tb(hfac) 3 (NITPhOEt) 2	Mononuclear	0	20	3 x 10 -8	106
	[Tb(hfac) 3 (NIT-5-Py-3Br)] 2	Dinuclear	0	20	5.9 x 10 -9	107
	Tb(acac) 3 NIT2Py•0.5H 2 O	Mononuclear	1, 3.5 15, 18	1 x 10 -7 , 3 x 10 -8	108
	[Tb(Phtfac) 3 (NIT4Py)] 2	Dinuclear	0	18	4.1 x 10 -8	109
	[Tb(hfac) 3 (NITPhPO(OEt) 2 )] 2	Dinuclear	2	17, 15	3.4 x 10 -9 /1.8 x 10 -9	110
	Tb(NITpic) 3	Mononuclear	0	16	5.5 x 10 -9	111
	[Tb(hfac) 3 (NIT3Py)] 2	Dinuclear	3	13	8.8 x 10 -8	112
	[Tb(hfac) 3 (NIT2Py)]•0.5C 7 H 16	Mononuclear	0	12	9.6 x 10 -7	113
	[Tb(hfac) 3 (5-IndazoleNIT)] 2	Dinuclear	0	2.5	1.8 x 10 -7	114
	Tb(tfa) 3 NITBzImH	Mononuclear	0	10	4.6 x 10 -7	115
	[Tb(hfac) 3 NITPhOPh] n	Chain	0	31.2 *	9.6 x 10 -9	58
	[Tb(hfac) 3 NIT-2thien] n	Chain	0	54	1.9 x 10 -9	116
	[Tb(hfac) 3 NIT-3Brthien] n	Chain	0	40	1.1 x 10 -8	117
	[Tb(hfac) 3 NIT-I] n	Chain	0	49	7.1 x 10 -10	118
	[Tb(hfac) 3 NIT 3 BrPhOMe] n	Chain	0	41	2.3 x 10 -7	79
	[Tb(hfac) 3 (NITPh-2OEt)] n	Chain	0	39	9.7 x 10 -10	119
	[Tb(hfac) 3 (NIT-C 3 H 5 )]n	Chain	1	7	9 x 10 -6	120
	[Tb(hfac) 3 (NIT-CH 3 )]n	Chain	1	5	8 x 10 -7	120
	[(Cp* 2 Tb) 2 (μ-tppz • )] + Tb(tfa) 3 (NITPhImbis)] . CH 2 Cl 2	Dinuclear Chain	0 0	5.1 9	6 x 10 -6 7.8 x 10 -7	103 121
	[Tb(hfac) 3 (NITPhCOOMe)] n	Chain	1	25	9.2 x 10 -7	122
	Bipyrimidyls					
	[(Cp* 2 Tb) 2 (μ-bpym • )] + Nitroxides	Dinuclear	0	44	4 x 10 -8	104
	N 2 3-Tb(hfac) 3 (2PyNO)	Mononuclear	0	25/27	4.1 x 10 -7 /4.2 x 10 -8	40
	[K(18-C-6)][((Me 3 Si) 2 N) 2 (THF)Tb] 2 (N 2 • ) Tb(hfac) 3 (PhNO)(H 2 O)	Dinuclear Mononuclear	0 2	227 21/46	8.2 x 10 -9 1.3 x 10 -8 /1.9 x 10 -9	105 37
	[K][((Me 3 Si) 2 N) 2 (THF)Tb] 2 (N 2 • ) Tb(hfac) 3 (6bpyNO)]	Dinuclear Mononuclear	0 2	41 14.7	3.9 x 10 -6 1.7 x 10 -9	76
	[(Cp Me4H	2 Tb(THF)) 2 (μ-N 2 • )] -	Dinuclear	0	242	1.4 x 10 -9	14
	[(Cp Me4H	2 Tb) 2 (μ-N 2 • )] -	Dinuclear	0	276	1.3 x 10 -9	14
	Nitronyl-Nitroxides					

Table S7 .

 S7 Values extracted from the Cole-Cole plot of Tb-TEMPO-CN (H dc = 2000 Oe).

	T (K)	χ S	χ T	α	R 2
	2	0.36148	3.61205	0.44133	0.99841
	3	0.30059	2.94347	0.39575	0.999
	4	0.26492	1.97194	0.20997	0.98741
	5	0.22804	1.54456	0.10952	0.98476
	6	0.1968	1.29024	0.05868	0.99128
	7	0.17513	1.11593	0.0396	0.99582
	8	0.16315	0.98424	0.01743	0.99503
	9	0.15747	0.87827	0.00532	0.98851

Table S8 :

 S8 Computed CASSCF/RASSI-SO energy levels (in cm -1 ) of Tb III ion in Tb-TEMPO-CN. Alvarez, S. Polyhedra in (inorganic) chemistry. Dalton Trans. 2005, 2209-2233.

	(1)					
	1	0.000	21	2370.636	41	5335.953
	2	0.174	22	2379.120	42	5444.886
	3	149.443	23	2488.102	43	5456.443
	4	153.136	24	2497.925	44	5585.223
	5	220.548	25	3538.634	45	5593.283
	6	226.896	26	3593.711	46	5860.146
	7	239.804	27	3624.713	47	6000.947
	8	264.382	28	3659.537	48	6109.922
	9	288.160	29	3678.101	49	6252.075
	10	358.517	30	3717.200		
	11	366.634	31	3757.949		
	12	499.925	32	3806.031		
	13	500.745	33	3867.520		
	14	2163.371	34	4626.973		
	15	2167.372	35	4681.979		
	16	2246.797	36	4701.497		
	17	2266.788	37	4725.474		
	18	2309.845	38	4733.013		
	19	2323.336	39	4781.401		
	20	2336.274	40	4786.983		
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Notes

The Table S3. Selected bond distances and angles for Tb-TEMPO-CN.