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Highlights

-An Acceptor-Donor-Radical triad with tetrathiafulvalene donor and nitronyl nitroxide radical was synthesized.

-Tetrathiafulvalene radical cation oxidized form is reachable without alteration of the nitronyl nitroxide radical.

-Both tetrathiafulvalene-based molecular skeleton and nitronyl nitroxide phosphorescence can be observed.

-The ratio of the emission intensities can be tuned depending on the irradiation energy.

Introduction

Chemists and physicists have been working hand-in-hand for more than two decades in order to design multifunctional materials with controllable physicochemical properties. In particular, they have tried to conceive molecular architectures able to force interactions between these properties until reaching a synergetic effect between them. Multiferroism and magneto-chiral dichroism are maybe the most representative examples of synergy between
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3 several different physical properties [START_REF] Spaldin | Materials science. The renaissance of magnetoelectric multiferroics[END_REF]- [START_REF] Train | Strong magneto-chiral dichroism in enantiopure chiral ferromagnets[END_REF]. In this line, this work is focused on the search of molecular compounds that exhibit both electronic conductivity and magnetic behavior. To obtain such compounds, we used the extremely rich chemistry based on the tetrathiafulvalene (TTF) core in order to take advantage of its redox activity and potential electronic conductivity [4]. It has been demonstrated that a fruitful strategy is to add to the TTF core localized electrons thanks to transition metals (3d and 4d) [START_REF] Pointillart | Paramagnetic 3d coordination complexes involving redox-active tetrathiafulvalene derivatives: an efficient approach to elaborate multi-properties materials[END_REF]- [START_REF] Pointillart | First Paramagnetic 4d Transition-Metal Complex with Redox-Active Tetrathiafulvalene Derivative, [Ru(salen)(PPh 3 )[END_REF] or lanthanides [START_REF] Cui | Structural, electrical, and magnetic properties of a series of molecular conductors based on BDT-TTP and lanthanoid nitrate complex anions (BDT-TTP = 2,5-bis(1,3dithiol-2-ylidene)-1,3,4,6-tetrathiapentalene)[END_REF]- [START_REF] Pointillart | Lanthanide Ion and Tetrathiafulvalene-Based Ligand as a "Magic" Couple toward Luminescence, Single Molecule Magnets, and Magnetostructural Correlations[END_REF]. Such π-d and π-f systems have shown exciting transport properties such as antiferromagneticsuperconductor or magnetic-field induced superconducting transition [START_REF] Tanaka | Superconductivity, Antiferromagnetism, and Phase Diagram of a Series of Organic Conductors: λ-(BETS) 2 Fe x Ga 1-x Br y Cl 4-y[END_REF]- [START_REF] Uji | Magnetic-field-induced superconductivity in a two-dimensional organic conductor[END_REF] but also have given rise to redox-active [START_REF] Mitsumoto | Encapsulation controlled single molecule magnetism in tetrathiafulvalene-capped cyanide-bridged cubes[END_REF]- [START_REF] Gao | Tetrathiafulvalene-Supported Triple-Decker Phthalocyaninato Dysprosium(III) Complex: Synthesis, Properties and Surface Assembly[END_REF], or luminescent single-molecule magnets (SMM) [START_REF] Pointillart | A redox-active luminescent ytterbium based single molecule magnet[END_REF]- [START_REF] Soussi | Magnetic and photo-physical investigations into Dy III and Yb III complexes involving tetrathiafulvalene ligand[END_REF]. The successes in obtaining such multi-property molecular systems were guaranteed thanks to two approaches that allow the observation of interactions between mobile electrons of the organic network and localized electrons of the paramagnetic metals: i) through-space interactions or ii) covalent bonds. Whereas the first strategy leads to very weak π-d/π-f interactions, the second one might enhance them. The "through-space" approach is commonly used thanks to a plethora of functionalization of the TTF core with organic moieties suitable to coordinate metal ions (amino, nitrile, phenolate, phosphino, β-diketonate, pyrazine, pyrimidine, pyridine, pyridine-N-oxide, bipyridine…) [START_REF] Pointillart | Paramagnetic 3d coordination complexes involving redox-active tetrathiafulvalene derivatives: an efficient approach to elaborate multi-properties materials[END_REF], [START_REF] Lorcy | Tetrathiafulvalene-based group XV ligands: Synthesis, coordination chemistry and radical cation salts[END_REF], [START_REF] Pop | Covalent non-fused tetrathiafulvalene-acceptor systems[END_REF]. All of these organic coordinating groups are magnetically innocent (S = 0). However, an underdeveloped strategy consists in the functionalization of the TTF core with a stable organic radical (S = ½) to play the magnetic relay between the π mobile electrons and the paramagnetic metal. The design and elaboration of such "TTF-radical" dyads are very challenging and to date only few researchers took this synthetic route: Sugawata et al. [START_REF] Nakazaki | Novel Spin-Polarized TTF Donors Affording Ground State Triplet Cation Diradicals[END_REF]- [START_REF] Komatsu | Influence of Magnetic Field upon the Conductance of a Unicomponent Crystal of a Tetrathiafulvalene-Based Nitronyl Nitroxide[END_REF] developed the functionalization of the TTF core with nitrosyl or nitronyl nitroxide spin carriers while Yamaguchi et al. [START_REF] Matsuoka | Theoretical investigation on the magnetic interaction of the tetrathiafulvalene-nitronyl nitroxide stacking model: possibility of organic magnetic metals and magnetic superconductors[END_REF] and Datta et al. [START_REF] Latif | Very Strongly Ferromagnetically Coupled Diradicals from Mixed Radical Centers. II. Nitronyl Nitroxide Coupled to Tetrathiafulvalene via Spacers[END_REF], [START_REF] Saha | Photoswitching Magnetic Crossover in Organic Molecular Systems[END_REF] studied such donor-radical dyads from a computational point of view. Additionally, Pilkington et al. [START_REF] Polo | Towards understanding of magnetic interactions within a series of tetrathiafulvalene-π conjugated-verdazyl diradical cation system: a density functional theory study[END_REF], [START_REF] Venneri | Structural, Magnetic and DFT studies on a Charge-Transfer Salt of a Tetrathiafulvalenepyridyl-(1,5-diisopropyl) verdazyl Diradical Cation[END_REF] used the verdazyl moiety as stable radical while Veciana et al. exploited the perchlorotriphenylmethyl radicals [START_REF] Guasch | Induced Self-Assembly of a Tetrathiafulvalene-Based Open-Shell Dyad through Intramolecular Electron Transfer[END_REF]- [START_REF] Souto | Self-Assembled Architectures with Segregated Donor and Acceptor Units of a Dyad Besed on a Monopyrrolo-Annulated TTF-PTM Radical[END_REF] to design their dyads.

In our group, a family of donor-acceptor dyads based on the 2-(4,5-(4,5bis(propylthio)-tetrathiafulvalenyl)-1H-benzimidazol-2-yl)-pyridine molecular skeleton 1 [START_REF] Jia | A redox-active tri-star molecule: merging of TTF and HAT chemistry[END_REF], [START_REF] Jia | An Experimental and Computational Study on Intramolecular Charge Transfer: A Tetrathiafulvalene-Fused Dipyridophenazine Molecule[END_REF] has been previously designed and alkylated with various organic moieties such as 2-pyridyl [START_REF] Cosquer | Alkylation Effects in Lanthanide Complexes Involving tetrathiafulvalene Chromophores: Experimental and Theoretical Correlation between Magnetism and Near-Infrared Emission[END_REF], dimethyl-2,2'-bipyridyl, [START_REF] Speed | Investigations of Lanthanide complexes involving multichelating TTF-based ligands[END_REF] di-(pyrazol-1-yl)-4-pyridyl [START_REF] Speed | Investigations of Lanthanide complexes involving multichelating TTF-based ligands[END_REF] and 4-pyridyl-Noxide [START_REF] Pointillart | Rational Design of a Lanthanide-Based Complex Featuring Different Single-Molecule Magnets[END_REF]. In the present work, following this synthetic strategy, 1 has been alkylated with 

Experimental Section

General

The ligand 2-(4,5-(4,5-bis(propylthio)-tetrathiafulvalenyl)-1H-benzimidazol-2-yl)pyridine [START_REF] Jia | An Experimental and Computational Study on Intramolecular Charge Transfer: A Tetrathiafulvalene-Fused Dipyridophenazine Molecule[END_REF] 1 and the organic radical precursor 4-bromo-methylbenzo(1-oxyl-3-oxide- The solvents were eliminated under vacuum and the residue was dissolved in CH 2 Cl 2 , filtered, concentrated to 5 mL and finally n-hexane (5 mL) was added. Slow evaporation in the dark gave green single crystals of 3 suitable for X-ray study. Yield: 37 mg (75 %). Anal. 

Synthesis

4-bromomethylbenzo

Crystallography

Single crystals of 2 and 3 were mounted on a D8 VENTURE Bruker-AXS diffractometer for data collection (MoK α radiation source, λ = 0.71073 Å), from the Centre de Diffractométrie (CDIFX), Université de Rennes 1, France. Structures were solved with a direct method using the SHELXT program [START_REF] Sheldrick | SHELXT-Integrated space-group and crystal-structure determination[END_REF] and refined with a full matrix least-squares method on F 2 using the SHELXL-14/7 program [START_REF] Sheldrick | Crystal structure refinement with SHELXL[END_REF]. Crystallographic data are summarized in UV-Visible-NIR spectrometer equipped with an integration sphere. The solid and solution emission and excitation spectra were measured using a Horiba-Jobin Yvon Fluorolog-3® spectrofluorimeter, equipped with a three slit double grating excitation and emission monochromator with dispersions of 2.1 nm/mm (1200 grooves/mm). The steady-state luminescence was excited by unpolarized light from a 450 W xenon CW lamp and detected at a 90° angle for diluted solution and for solid state measurements by a red-sensitive Hamamatsu R928 photomultiplier tube (sensitivity 190-860 nm). Spectra were reference corrected for both the excitation source light intensity variation (lamp and grating) and the emission spectral response (detector and grating). Appropriate filters were used to remove the residual excitation laser light, the Rayleigh scattered light and associated harmonics from spectra. The emission/excitation spectra recordings were realized on powder sample mounted directly onto copper plates using conductive silver glue and cooled in an optical cryostat capable of reaching temperature down to 77 K through a continuous nitrogen liquid flow and
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a nitrogen atmosphere inside the sample chamber (OptistatCF, Oxford Inst.). The luminescence of solution has been measured at 77K, the sample is introduced in a quartz capillary tube, which it is placed inside a small Dewar containing nitrogen liquid. The dc magnetic susceptibility measurements were performed on solid polycrystalline sample with a Quantum Design MPMS-XL SQUID magnetometer between 2 and 300 K in applied magnetic field of 0.2 T for temperatures of 2-20 K and 1T for temperatures of 20-300 K.

These measurements were all corrected for the diamagnetic contribution as calculated with

Pascal's constants. EPR spectrum was recorded to room temperature in toluene solution with a BRUKER EMX X-band ESR spectrometer equipped with an OXFORD cryostat.

Computational Details

DFT geometry optimizations and TD-DFT excitation energy calculations of 3 were carried out with the Gaussian 09 (revision D.01) package [START_REF] Frisch | Gaussian Inc[END_REF] employing the PBE0 hybrid functional [START_REF] Perdew | Generalized Gradient Approximation Made Simple[END_REF], [START_REF] Adamo | Toward reliable density functional methods without adjustable parameters: The PBE0 model[END_REF]. All the atoms were described with the SVP basis sets [START_REF] Weigend | Balanced basis sets of split valence, triple zeta valence and quadruple zeta valence quality for H to Rn: Design and assessment of accuracy[END_REF]. The first 100 mono-electronic excitations were calculated. In all steps, a modelling of bulk solvent effects (solvent = dichloromethane) was included through the Polarizable Continuum Model (PCM) [START_REF] Tomasi | Quantum Mechanical Continuum Solvation Models[END_REF], using a linear-response non-equilibrium approach for the TD-DFT step [START_REF] Cossi | Time-dependent density functional theory for molecules in liquid solutions[END_REF], [START_REF] Improta | A State-Specific Polarizable Continuum Model Time Dependent Density Functional Theory Method for Excited State Calculations in Solution[END_REF].

Molecular orbitals were sketched using the Gabedit graphical interface [START_REF] Allouche | Gabedit-A graphical user interface for computational chemistry solfwares[END_REF]. Spin density distribution was drawn using VESTA code (version 3.3.1) [START_REF] Momma | VESTA 3 for three-dimensional visualization of crystal, volumetric and morphology data[END_REF].

Results and Discussion

Synthesis

The elaboration of ligands involving both TTF and nitronyl nitroxide remains 

X-ray structures

Compound 2 crystallizes in the C2/c (N°15) monoclinic space group (Table 1). The asymmetric unit is composed of one molecule of 2 (Fig. S1).. The crystal packing does not reveal any π-π interaction between the phenyl rings. The main interactions between the molecules take place between the N-O groups (O2⋅⋅⋅O2 = 4.039 Å and O1⋅⋅⋅O1 = 4.403 Å)

and between the bromine atom and the phenyl ring (Fig. S2). 1). The asymmetric unit is composed of two molecules of 3 (Fig. 1). The X-ray structure of 3 Finally, the radical and TTF parts interact through S7⋅⋅⋅O4 short contacts (3.312 Å).

highlights

Cyclic voltammetry

The redox properties of compounds 1-3 are investigated by cyclic voltammetry (Fig. 3). The values of the oxidation potentials are listed in Table 2. On the one hand, the cyclic voltammogram for 2 shows one mono-electronic oxidation at 0.85 V corresponding to the oxidation of the nitroxide radical to the oxoammonium cation [START_REF] Budnikova | Electrochemistry of nitronyl and imino nitroxides[END_REF]. On the other hand, the cyclic voltammogram for 1 shows two mono-electronic oxidations at 0.50 V for the first oxidation and 0.91 V for the second oxidation, corresponding to the formation of a radical cation and a dicationic TTF fragment, respectively [START_REF] Cosquer | Alkylation Effects in Lanthanide Complexes Involving tetrathiafulvalene Chromophores: Experimental and Theoretical Correlation between Magnetism and Near-Infrared Emission[END_REF]. Finally, the voltammogram for 3

shows three mono-electronic oxidations at 0.51 V for the first oxidation, 0.84 V for the second oxidation and 0.93 V (Fig. S3) for the third oxidation corresponding to the formation of a radical cation form of the TTF core, the oxoammonium cation and the dicationic form of the TTF fragment, respectively. 

Magnetic characterizations

The calculated total spin density distribution of 3 is shown in Fig. 4a coupled to two equivalent 14 N nuclear spins (a N =7.44 G). This value is in agreement with other reported values for nitroxide radical derivatives [START_REF] Osiecki | Studies of free radicals. I. .alpha.-Nitronyl nitroxides, a new class of stable radicals[END_REF]. 

Absorption spectra

The UV-visible absorption properties of 3 have been studied in CH 2 Cl 2 solution (Fig. 5). To rationalize the attribution of the experimental absorption bands, TD-DFT calculations were performed on the DFT-optimized geometry (see computational details) of 3, following a
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ACCEPTED MANUSCRIPT 13 computational strategy already used successfully on other TTF-based systems [START_REF] Lorcy | Tetrathiafulvalene-based group XV ligands: Synthesis, coordination chemistry and radical cation salts[END_REF], [START_REF] Pointillart | Luminescence and Single-Molecule Magnet Behavior in Lanthanide Complexes Involving a tetrathiafulvalene-Fused Dipyridophenazine Ligand[END_REF], [START_REF] Cosquer | 3d4f Heterobimetallic Dinuclear and tetranuclear Complexes Involving Tetrathiafulvalene as Ligands: X-ray Structures and Magnetic and Photophysical Investigations[END_REF].

The calculated UV-visible absorption spectrum and molecular orbital diagram are shown in Fig. 5 and6, respectively. The absorption spectrum of 3 can be described as the sum of the absorption spectra of 1 and 2 (Fig. S4). The experimental absorption curve of 3 has been decomposed into eight bands (Fig. 5a and Table 3). The calculated UV-visible absorption spectrum for 3 reproduces well the experimental curve (Fig. 5a and5b). The lowest energy band is calculated at the average value of 23177 cm -1 (experimental value 25100 cm - 3). 3. 

H-3 α →L+2 α (15%) H-2 α →L+2 α (16%) H-3 β →L+3 β (15%) H-2 β →L+3 β (18%) H-16 α →L+1 α (12%) H-5 α →L+1 α (7%) H-11 β →L+2 β (7%)
The next absorption band clearly comes from the nitronyl nitroxide contribution (Fig. 3). The next four absorption deconvolution bands were calculated at 32080 cm -1 , average value of 32740 cm -1 , 34047 cm -1 and 36292 cm -1 and mainly assigned to intra-benzimidazole-2-pyridine moiety (IA) followed by intra-TTF (ID) transitions. 3). One can notice that the alkylation of the molecular skeleton 1 with an organic radical moiety leads to a significant change in the low-energy part of the absorption spectrum compared to what is seen for other alkylated based-TTF ligands. Indeed the alkylating group has been reported to have negligible effect on the low-energy part of the absorption spectrum when this group is the 2-pyridine [START_REF] Jia | A redox-active tri-star molecule: merging of TTF and HAT chemistry[END_REF]. When the alkylating group is a more π-extended moiety such as the dimethyl-2,2'-bipyridine or di-(pyrazol-1-yl)-4-pyridyl group, a significant effect on the higher-energy part of the spectrum (35000-38000 cm -1 ) is observed [START_REF] Speed | Investigations of Lanthanide complexes involving multichelating TTF-based ligands[END_REF].

Emission spectra

The emission and excitation spectra of 3 are represented in Fig. 7 By analogy with previous reports, the high-energy maxima localized in frozen solution at 17180, 16700, 16300 and 15700 cm -1 can be attributed to the molecular skeleton 1

(17035 and 15350 cm -1 ) [START_REF] Cosquer | Alkylation Effects in Lanthanide Complexes Involving tetrathiafulvalene Chromophores: Experimental and Theoretical Correlation between Magnetism and Near-Infrared Emission[END_REF]. Consequently, it can be associated to a phosphorescence signal.

Moreover, the most intense signal at lower energy with maxima localized at 14350, 13900, 13700, 13050 and 12200 cm -1 is attributed to the emission of the nitronyl nitroxide radical. It is worth noticing that light irradiation in the lowest-energy ILCT (23810 cm -1 ) which is 3), significantly change the ratio between the two emission signals (Fig. 7). In other words, the intensity ratio of the emissions of NIT radical and TTF-based molecular skeleton is dependent of the contribution of them in the irradiated absorption band. As a consequence 3 can be described as a tunable multi-emissive ligand at low temperature in CH 2 Cl 2 solution. Such multi-emissive behavior has already been observed in another TTF-based ligand due to the weak internal conversion between the excited singlet states on the NIT radical and the molecular TTF-based skeleton [START_REF] Feng | Unprecedented Sensitization of Visible and Near-Infrared Lanthanide Luminescence by Using a Tetrathiafulvalene-Based Chromophore[END_REF].

The emission properties of 3 have been also studied in solid-state between 77 and 300 K. At low temperature, only the emission of the radical moiety is detected with a thinner signal than in solution nevertheless with two observable maxima at 13660 cm -1 (E max1 ) and 12500 cm -1 (E max2 ). At 77 K, the maximum E max1 in the solid-state spectrum is shifted by -700 cm -1 by comparison with the maximum observed in the frozen solution spectrum. This difference comes from the disappearance of the interactions between the molecular entities leading to perfectly independent molecules in solution. Unfortunately the room temperature emission either in solid or liquid state is too weak to determine a reliable quantum yield.

On the solid-state, by lowering the temperature, the intensity of the radical emission decreases by a factor of 6 and a gradual redshift of the maxima of approximately -1.8 cm -1 /K (-400 cm -1 ) and -0.9 cm -1 /K (-200 cm -1 ) for E max1 and E max2 , respectively (Fig. 7b). These 

Conclusions

In conclusion, the synthesis of one of the rare examples of compounds combining both redox active tetrathiafulvalene (TTF) and nitronyl nitroxide (NIT) moieties is presented. 

the 4 -

 4 bromomethylbenzo(1-oxyl-3-oxide-4,4,5,5-tetramethylimidazolin-2-yl) organic radical 2 and leads to the formation of the 2-{1-[methylbenzo(1-oxyl-3-oxide-4,4,5,5--4,5-[4,5-bis(propylthio)-tetrathiafulvalenyl]-1H-benzimidazol-2-yl}pyridine acceptor-donor-radical triad 3. In the next lines, X-ray structures of 2 and 3 are analyzed as well as the electrochemical, photo-physical and magnetic properties of 3.

  Slow evaporation of a CH 2 Cl 2 /n-hexane mixture affords single-crystal suitable for X-ray diffraction studies. )-tetrathiafulvalenyl]-1H-benzimidazol-2-yl}pyridine (3). 2-(4,5-(4,5bis(propylthio)-tetrathiafulvalenyl)-1H-benzimidazol-2-yl)-pyridine 1 (33.3 mg, 0.06 mmol) and K 2 CO 3 (13.3 mg, 0.10 mmol, 1.5 equiv) were added to anhydrous DMF (3 mL), and then the mixture was stirred for 30 min under argon. A solution of anhydrous DMF (2 mL) containing 4-bromo-methyl-benzo-(1-oxyl-3-oxide-4,4,5,5-tetramethylimidazolin-2-yl) 2 (15 mg, 0.046 mmol, 0.8 equiv) was added, and the resulting mixture was stirred for 2 h at room temperature. Then additional K 2 CO 3 (13.3 mg, 0.10 mmol, 1.5 equiv) and of 4-bromomethyl-benzo-(1-oxyl-3-oxide-4,4,5,5-tetramethylimidazolin-2-yl) (1) (10 mg, 0.03 mmol, 0.5 equiv) were added. The mixture was stirred at room temperature overnight under argon atmosphere.

Scheme 1 .

 1 Scheme 1. Synthetic route for compounds 2 and 3.

  the success of the alkylation reaction since the two N3 and N8 nitrogen atoms are alkylated with the methylbenzo(1-oxyl-3-oxide-4,4,5,5-tetramethylimidazoline) radical moiety. Several structural differences distinguish the two crystallographically independent molecules. The molecule with the sulfur atoms S1 to S6 is defined as molecule A while the molecule with sulfur atoms S7 to S12 is defined as molecule B. i) The angles between the 1oxyl-3-oxide-imidazoline and phenyl rings are calculated equal to 47.0(1)° and 32.7(1)° for molecule A and B, respectively; ii) The alkylated moiety (the radical) and the TTF-based moiety are perpendicular (88.0(1)°) for the molecule B while this angle is 74.9(1)° for the molecule A; iii) The twist angle between the pyridine ring and the benzoimidazole fragment is equal to 13.3(1)° for the molecule A but is twice larger (28.6(1)°) for the molecule B; iv) The TTF core adopts a boat conformation in the molecule A while it is almost planar in the molecule B; v) Finally the two thiopropyl groups are on the same side compared to the plan formed by the TTF core i.e. the side of the radical moiety for molecule A while for the molecule B one thiopropyl group is localized in the plan of the TTF core and the second one is localized on the opposite side of the radical unit.

Fig. 1 . 10 Fig. 2 .

 1102 Fig. 1. ORTEP view of 3. Thermal ellipsoids are drawn at 30% probability. Hydrogen atoms are omitted for clarity.

Fig. 3 .

 3 Fig. 3. Cyclic voltammograms of 1 (red curve), 2 (purple curve) and 3 (green curve) in CH 2 Cl 2 at a scan rate of 100 mV•s -1 . The potentials were measured vs. a saturated calomel electrode (SCE) with Pt wires as working and counter electrodes.

6 .

 6 (see computational details) whereas the Single-Occupied Molecular Orbital (SOMO) is called HOMO-1α on Fig. The SOMO is essentially located on the 1-oxyl-3-oxide-imidazoline unit with the spin density mainly localized on the O-N-C-N-O chemical bonds of the 1-oxyl-3-oxide-imidazoline moiety with partial delocalization on the phenyl ring. Solution room temperature EPR spectroscopy confirms that the radical is localized on the nitronyl nitroxide moiety. The X-band spectrum recorded with a BRUKER EMX spectrophotometer at an M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 12 excitation frequency of 9.468011 GHz of 3 measured in toluene at room temperature is shown on Fig. 4b. It features the characteristic signal of a single electron spin (g=2.00716)

Fig. 4 .

 4 Fig. 4. (a) Spin density distribution with Mulliken analysis spin population (spin density cut off 0.005 e -bohr -3 ), (b) EPR spectrum at room temperature of 3 in toluene.

  1 ) and attributed to a π-π* HOMO α → LUMO α transition which is identified as the Intra-Ligand Charge Transfer (ILCT) from the TTF core to the benzimidazole-2-pyridine acceptor (red deconvolution). The later ILCT is classically observed for the TTF-based ligands especially for the 2-(4,5-(4,5-bis(propylthio)-tetrathiafulvalenyl)-1H-benzimidazol-2-yl)-pyridine molecular skeleton 1[38],[62]. The two other HOMO β → LUMO β and HOMO β → LUMO+1 β transitions were identified as a TTF to Nitronyl nitroxide (NIT) charge transfer (ILCT) (Fig. 5a, Table

Fig. 5 .

 5 Fig. 5. a) Experimental UV/vis absorption spectrum in solution (c = 4•10 -5 M) of 3 in CH 2 Cl 2 (open grey circles), respective Gaussian decompositions (dashed lines) and best fit (full black

S4)

  and it has been effectively identified as a pure π-π* NIT to NIT excitation (HOMO-1 α → LUMO α and HOMO-1 β → LUMO β ) centered at 27200 cm -1 (calculated at 28812 cm -1 )

Fig. 6 .

 6 Fig. 6. MO diagram of 3.

Fig. 7 .

 7 Fig. 7. (a) Solution (λ ex = 27027 cm -1 (370 nm) in the H-1 α →L α and H-1 β →L β π→π* intra-NIT excitation for black curve) and (λ ex = 23810 cm -1 (420 nm) in the H α →L α and H β →L+1 β ILCT for red curve) luminescence spectrum of 3 in CH 2 Cl 2 (C = 1.9×10 -5 M) at 77 K. (b) Solid-state (λ ex = 27027 cm -1 (370 nm)) luminescence spectra of 3 in the 77-300 K temperature range.

  π TTF →π* NIT HOMO β →LUMO β and π TTF →π* bzip HOMO α →LUMO α and HOMO β →LUMO+1 β ILCT (Table

  trends are in agreement with what was observed on nitronyl nitroxide (NIT) compounds either uncoordinated or coordinated by lanthanide ions [64].

The molecular skeleton 2 -

 2 (4,5-(4,5-bis(propylthio)-tetrathiafulvalenyl)-1H-benzimidazol-2yl)-pyridine 1 was alkylated with the 4-bromomethylbenzo(1-oxyl-3-oxide-4,4,5,5tetramethylimidazolin-2-yl) organic radical 2 leading to the formation of 2-{1-[methylbenzo(1-oxyl-3-oxide-4,4,5,5-tetramethylimidazoline)]-4,5-[4,5-bis(propylthio)tetrathiafulvalenyl]-1H-benzimidazol-2-yl}pyridine compound 3. This latter compound can be described as a TTF-based conjugated donor-acceptor dyad decorated with a radical acceptor or as a donor-acceptor-radical triad. After alkylation of the TTF-based molecular skeleton, 3 keeps the paramagnetic behavior brought by the radical moiety. 3 presents very electrochemistry and photo-physical properties. Both TTF and NIT can be reversibly oxidized and cyclic voltammetry highlights the possibility to stabilize the radical cation form of the TTF core without oxidizing the NIT radical. The alkylating radical unit strongly contributes to the absorption spectrum with electronic communication between the TTF core and NIT unit, thus leading to Intra-Ligand Charge Transfer (ILCT). Light irradiation of 3 highlights the tunable multi-emissive behavior of 3 in CH 2 Cl 2 solution with a complex visible/near-infrared phosphorescence coming from the both NIT and TTF-based skeleton. The TTF-based donor-acceptor-radical triad could pave the road to multifunctional coordination complexes with electronic conductivity and single-molecule/ single-chain magnet behaviors.

Table 1 .

 1 Complete crystal structure results as a CIF file including bond lengths, angles, and atomic coordinates are deposited as Supporting Information.

	2.4 Physical Measurements.
	The elementary analyses of the compounds were performed at the Centre Régional de
	Mesures Physiques de l'Ouest, Rennes. Cyclic voltammetry was carried out in CH 2 Cl 2
	solution, containing 0.1 M of N(C 4 H 9 ) 4 PF 6 as supporting electrolyte. Voltamograms were
	recorded at 100 mV.s -1 at a platinum disk electrode. The potentials were measured versus a
	saturated calomel electrode (SCE). Absorption spectra were recorded on a Varian Cary 5000

Table 1 .

 1 X-ray crystallographic data for 2 and 3.

	Compounds	2	3
		CCDC 1535280	CCDC 1535281
	Formula M / g.mol -1	C 14 H 18 BrN 2 O 2 326.2	C 72 H 76 N 10 O 4 S 12 1530.14
	Crystal system	Monoclinic	Triclinic
	Space group	C2/c (N°15)	P-1 (N°2)
		a = 23.8847(12) Å	a = 13.6015(14) Å
	Cell parameters	b = 10.6482(6) Å	b = 16.2250(20) Å
		c = 11.7735(6) Å β = 95.459(2) °	c = 17.6720(20) Å α = 68.538(4) °
			β = 84.066(4) °

Compound 3 crystallizes in the P-1 (N°1) triclinic space group (Table

Table 2 .

 2 Oxidation potentials (V vs SCE, nBu 4 NPF 6 , 0.1 M in CH 2 Cl 2 at 100 mV•s -1 ) of the

	complexes 1-3.						
		E 1 E 1 Ox 1/2	1/2 / V Red E 1 1/2	E 2 E 2 Ox 1/2 1/2 / V Red E 2 1/2	E 3 E 3 Ox 1/2 1/2 / V Red E 3 1/2
	1	0.56	0.45	/	/	0.96	0.86
	2	/	/	0.96	0.73	/	/
	3	0.58	0.45	0.91	0.77	0.99	0.86

Table 3 .

 3 TD-DFT calculated excitation energies and main contributions of the low-lying electronic transitions for 3. In addition, the charge transfer and the pure intramolecular transitions are reported. ID, IA, INIT, H and L represent the intramolecular TTF (Donor),

	intramolecular benzimidazole-2-pyridine (bzip, Acceptor) and intramolecular nitronyl
	nitroxide (NIT) transitions, and the HOMO and LUMO, respectively. Therefore, ILCT stands
	for Intra-Ligand Charge Transfer. The theoretical values are evaluated at the PCM(CH 2 Cl 2 )-
	PBE0/SVP level of approximation.			
	E exp (cm -1 )	E theo (cm -1 )	Osc.	Type	Assignment	Transition
	25100 27200 28812 0.12 23160 23194 0.05 0.35 28500 32080 0.02 30200 32525 32954 0.90 0.16 31700 34047 0.15	ILCT INIT IA IA + ILCT ID	π TTF →π* NIT π TTF →π* bzip π NIT →π* NIT π NIT →π* bzip π bzipTTF →π* bzip π TTF →π* TTF	H β →L β (88%) H α →L α (48%) H β →L+1 β (42%) H-1 α →L α (40%) H-1 β →L β (57%) H-10 α →L+1 α (20%) H-10 β →L+1 β (10%) H-1 β →L+1 β (34%) H-3 α →L α (32%) H-2 α →L α (37%) H-3 β →L+1 β (32%) H-2 β →L+1 β (38%) H-2 α →L+3 α (7%) H α →L+6/+7 α (8/11%) H-2 β →L+4 β (7%) H β →L+7/+8 β
						(10/13%)
	33300 36292 0.27 36200 36475 36763 0.21 0.21	ID INIT + IA/ILCT	π TTF →π* TTF π NIT →π* NIT + π bzipTTF →π* bzip	H-2 α →L+3 α (10%) H α →L+7/+9 α (9/9%) H-2 β →L+4 β (10%) H β →L+8/+10 β (9/9%) H-5 α →L+1 α (46%) H-4 α →L α (38%) H-4 β →L+1 β (29%)
	40220	39549 39766	0.07 0.13	ID INIT	π TTF →π* TTF π NIT →π* NIT	
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