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INTRODUCTION

Polyoxometalates (POMs) constitute a class of discrete anionic oxide metal-oxygen clusters often considered as soluble oxide fragments. They are built from the connection of {MOx} polyhedra, M being a d-block transition metal ion in high oxidation state, usually W VI , Mo V,VI or V IV,V . 1 Their intrinsic properties such as catalytic and redox activities have attracted significant attention for several decades. 2 The association of POMs with organic molecules through covalent linkage or via electrostatic interactions allows the development of a vast family of multifunctional inorganic-organic hybrid compounds and significantly extends their range of applications. 3 We can mention for example the covalent grafting of an Ir III complex on a polyoxotungstate which brings photocatalytic activity to the POM. [START_REF] Matt | Charge Photo-Accumulation And Photocatalytic Hydrogen Evolution under Visible Light at an Iridium(III)-Photosensitized Polyoxotungstate[END_REF] Another example is the incorporation of bisphosphonates in polyoxomolybdates; these complexes exhibit enhanced activity against breast cancer cell lines compared to the organic and inorganic precursors. [START_REF] Ctba) | IR (ATR) : ν (cm -1 ) 3325[END_REF] Among these properties, 2 nd order non linear optical (NLO) properties have only been the subject of a few theoretical 6 and experimental studies, either using Hyper-Rayleigh scattering (HRS) 7 or powder second harmonic generation (SHG) measurements. 8 An attractive platform for the rational design of molecular organic-inorganic hybrids is the Anderson-type POM. [START_REF] Blazevic | The Anderson-Evans Polyoxometalate: From Inorganic Building Blocks via Hybrid Organic-Inorganic Structures to Tomorrows "Bio-POMs[END_REF] Indeed, its functionalization has afforded a large variety of symmetrical 10 or asymmetrical 11 hybrid POMs with applications ranging from Li batteries [START_REF] Ji | Covalent Attachment of Anderson-Type Polyoxometalates to Single-Walled Carbon Nanotubes Gives Enhanced Performance Electrodes for Lithium Ion Batteries[END_REF] to light driven hydrogen evolution [START_REF] Nmr | K) δ 168[END_REF] and cancer therapy. [START_REF] Yang | Polyoxometalate-Biomolecule Conjugates : a New Approach to Create Hybrid Drugs for Cancer Therapeutics[END_REF] A great advantage of these hybrids is also their possible postfunctionalization. 15 Our contribution to this field of research consists in the development of a new class of photoactive hybrid molecules based on the association of Anderson-type POMs and spiropyrans (SPs), a well-known family of photochromic molecules. These organic molecules can switch from a colorless closed form to a highly colored merocyanine form under UV irradiation. The asymmetrical [MnMo6O18{(OCH2)3CNHC21H19N2O4}{(OCH2)3CNH2}] 3- (H2N-MnMo6-SP) and symmetrical SP-MnMo6-SP molecules have been isolated by peptide coupling reactions using SPCO2H and the amino functionalized Anderson POM [MnMo6O18{(OCH2)3CNH2}2] 3-(H2N-MnMo6-NH2). [START_REF] Oms | Photo-and Electrochromic Properties of Covalently Connected Symmetrical and Unsymmetrical Spiro-pyran-Polyoxometalate Dyads[END_REF] The asymmetrical molecule is of great interest due to its free amino group allowing further post-functionalization and giving access to multifunctional molecules. 17 An attractive functional organic molecule to be grafted on a POM platform is the tetrathiafulvalene (TTF). TTF is one of the most well known organic donor molecule. It possesses accessible redox potentials and stable cation radical states, TTF-based radical salts exhibiting attractive properties such as conductivity, ferromagnetism or catalytic activity. 18 TTF can also display efficient NLO responses in the second and third order harmonic generation. [START_REF] González | Tetrathiafulvalene Derivatives as NLO-phores: Synthesis, Electrochemistry, Raman Spectroscopy, Theoretical Calculations and NLO Properties of Novel TTF-Derived Donor--Acceptor Dyads[END_REF] Several supramolecular assemblies of POMs and TTF radical cations have been reported. [START_REF] Coronado | Recent Advances in Polyoxometalatecontaining Molecular Conductors[END_REF][START_REF] Zhang | Honeycomb Supramolecular Frameworks of Organic-inorganic Hybrid Cluster Composed of Cation Radical and Keggin-type Polyoxometalates[END_REF] The presence of POMs, which act as bulky counter-ions and possess a large diversity of size and shape, has a great influence on the crystal packing but magnetic or electronic interactions between the anionic and cationic components have been only rarely encountered. The conduction mechanism within the hybrid salt (TT-TTF)3[PMo12O40] (TT-TTF = tetra(thienylthio)-tetrathiafulvalene) was for example described as thermally activated electron hopping between mixed valence POMs and TTFs substituted with pyridinium. [START_REF] Tsunashima | Electrical Network of Single-Crystalline Metal Oxide Nanoclusters Wired by -Molecules[END_REF] Interactions between the electrons from TTF +• radical cations and electrons on the V IV site of the POM in the charge-transfer material TTF4[SVW11O40] have also been proposed. [START_REF] Li | Spontaeous Redox Synthesis and Characterization of the Tetrathiafulvalene-Vanadium-Substituted Polyoxometalate Charge-Transfer Material TTF4[SVW11[END_REF] To our knowledge, all the associations of POMs and TTFs described in the literature are ionic associations and besides the recent report of a molecular triad with a bis(terpyridine)Ru II complex connected on one side to an extended tetrathiafulvalene moiety and on the other side to a Keggin type POM, [START_REF] Barthelmes | Molecular Dyads and Triads Based on Phenothiazine and p-Extended Tetrafulvalene Donors, Bis(terpyridine)ruthenium(II) Complexes, and Polyoxometalates[END_REF] the covalent coupling of a TTF and a POM has never been reported to date. It can however be noted that the coupling of an electroactive organic molecule and a POM was already successfully achieved in the [Mo6O18(AMBTH)] 2-and [Mo6O18(MBTH)] 2- hybrids where AMBTH and MBTH are benzothiazole hydrazone derivatives. [START_REF] Gatard | Electroactive Benzothiazole Hydrazones and Their [Mo6O19] 2-Derivatives: Promising Building Blocks for Conducting Molecular Materials[END_REF] Here, we describe the synthesis and characterization of three new compounds associating via covalent bonds an Anderson POM platform and TTF organic molecules and in one case an additional SP moiety. Their electrochemical and spectroelectrochemical properties have been thoroughly investigated together with their second order non-linear optical properties.

RESULTS AND DISCUSSION

Anderson-type POMs are built of six edge-sharing MoO6 octahedra surrounding a central templating edge-sharing octahedrally coordinated heteroatom, Cr III , Mn III and Al III being the most studied heterometals. A variety of organic tris(hydroxymethyl)methane ligands (RC(CH2OH)3) can be grafted on these planar POMs, giving access to functionalized POMs. 9- 17 Three POM/TTF derivatives were targeted in this study using Anderson-type POMs precursors: i) the monofunctionalized TTF-AlMo6 POM that contains one TTF group covalently grafted on an Al Anderson type anion, ii) the symmetrical TTF-MnMo6-TTF POM with one TTF group on each side of a Mn Anderson type anion and iii) the asymmetrical TTF-MnMo6-SP POM that derives from our previously reported H2N-MnMo6-SP POM. [START_REF] Oms | Photo-and Electrochromic Properties of Covalently Connected Symmetrical and Unsymmetrical Spiro-pyran-Polyoxometalate Dyads[END_REF] These POMs were synthesized by a coupling reaction between a carboxylic acid derivative of the TTF molecule and the amino functionalized Anderson type POMs (Figure 1). It should be noted that the three hybrids are trianionic species. 

Synthesis and Characterization.

The synthesis of the TTF precursor, (MeS)3TTF(S-CH2-CO2H), was performed following a reported procedure. [START_REF] Zhao | Carboxylic Acid Derivatives of Tetrathiafulvalene : Key Intermediates for the Synthesis of Redox-Active Calixarene-Based Anion Receptors[END_REF] Crystals of (MeS)3TTF(S-CH2-CO2H) were obtained by recrystallization in CH2Cl2 and the structure solved by single crystal X-ray diffraction. The compound crystallizes in the monoclinic C2/c space group (Table S1) instead of the orthorhombic Pbcn group reported previously. [START_REF] Zhao | Carboxylic Acid Derivatives of Tetrathiafulvalene : Key Intermediates for the Synthesis of Redox-Active Calixarene-Based Anion Receptors[END_REF] The two heterocycles are almost coplanar (Figures 2a andb, Table S2). The molecules are associated into dimers via strong O-H … O hydrogen bonds (Figure 2c) forming the classical eight-membered ring noted R2 2 (8) in The monofunctionalized TTF-AlMo6 POM was isolated by a peptide coupling reaction using the tris-functionalized H2N-AlMo6 POM, [START_REF] Ai | Synthesis and Characterization of Single-Side Organically Grafted Anderson-Type Polyoxometalates[END_REF] and a two fold excess of the carboxylic derivative of the TTF molecule (Me3S)3TTF(S-CH2-CO2H) (Figure 1). Similar coupling reactions allowed isolating the symmetrical TTF-MnMo6-TTF and the unsymmetrical TTF-MnMo6-SP POMs using the H2N-MnMo6-NH2 and H2N-MnMo6-SP precursors, respectively. This latter complex was synthesized by reaction of the H2N-MnMo6-NH2 platform with 0.6 equivalent of SPCO2H, as previously described. [START_REF] Oms | Photo-and Electrochromic Properties of Covalently Connected Symmetrical and Unsymmetrical Spiro-pyran-Polyoxometalate Dyads[END_REF] It can be noted that such monofunctionalization of the MnMo6

Anderson POM using a low carboxylic acid derivative/POM ratio has only been rarely possible, hence the choice of the AlMo6 POM precursor for the synthesis of an Anderson POM functionalized by a single TTF molecule. The hybrid compounds were characterized by a series of complementary techniques. Elemental analysis, 1 H and [START_REF] Nmr | K) δ 168[END_REF] C NMR, confirm the presence of the organic molecules and both the TBA/SP and TBA/TTF ratios. For the unsymmetrical TTF- Single crystals of TTF-MnMo6-TTF were obtained by slow diffusion of Et2O in an acetonitrile solution of the hybrid POM. TTF-MnMo6-TTF crystallizes in the rhombohedral R-3 space group. There are two independent complexes in the asymmetric unit. In one of the complex (with space occupancy factor 1/3), the TTF and the MnMo6 fragments are disordered and surrounded by disordered TBA cations, this disorder being induced by the presence of the -3 symmetry axis. The structure of the non-disordered anion (with space occupancy factor 1) is shown in Figure 3a. It confirms that TTF-MnMo6-TTF is built of a MnMo6 Anderson-type core with two TTF molecules symmetrically grafted via an amide function. The TTF fragment is slightly more distorted than in the (MeS)3TTF(S-CH2-CO2H) precursor (Table S2).

Furthermore, the central C=C distance is close to that observed in the neutral precursor which indicates that the TTF fragment is non oxidized in the hybrid complex. The TTF moieties of one complex interact via intermolecular S … S and - interactions with that of neighboring complexes thus forming infinite chains (Figures 3b and3c). S9), peak potentials and the separation between the anodic and the cathodic peaks of the redox processes ∆Ep are gathered in Table 1. Plots of the peak current Ipc vs. the square root of the scan rate v 1/2 for the reversible processes are also given in Figures S3-S9.

As known for TTF derivatives, for (MeS)3TTF(S-CH2-CO2H) two well-defined reversible and monoelectronic oxidation waves are observed at 0.587 and 0.928 V vs. SCE (Figure 4). The first one corresponds to the oxidation of the neutral species forming the stable radical monocation TTF +• and the second one to the formation of the dication TTF 2+ . The cyclovoltammogram of TTF-AlMo6 exhibits also the two successive oxidation waves attributed to the transformation of the neutral TTF unit into the dication through the stable monocation redox state of the TTF subunit (Figure 4). However, due to adsorption phenomena on the glassy carbon electrode the reversibility of the second oxidation process is not well defined. Furthermore, the oxidation of the TTF unit is sensitive to the electron donating (or withdrawing) properties of substituents. Here, compared to the TTF precursor, the presence of the AlMo6 Anderson type POM connected to the TTF unit induces a cathodic shift of the oxidation potentials by 187 mV and 158 mV at 0.400 and 0.770 V respectively. This is in agreement with the high electron density of the Anderson type polyoxometalate which has a 3charge compared to the neutral carboxylic acid. In addition, the shift may also be tentatively explained by the formation of an ion pair between the POM and the oxidized TTF. In the case of H2N-MnMo6-NH2, one reversible oxidation wave is observed at 0.846 V and attributed to the Mn IV/III couple. In the cathodic domain, two successive reductions at * -0.574 and -1.641 V have been measured (Figure 4), corresponding to the reduction of the central Mn ion (Mn III/II couple) and the first irreversible reduction of the Mo ions (Mo VI/V couple) of the POM unit respectively. H2N-MnMo6-SP shows an electrochemical behaviour close to that of H2N-MnMo6-NH2, but with the presence of one additional peak at 1.061 V, ascribed to the irreversible oxidation of the SP unit. [START_REF] Oms | Photo-and Electrochromic Properties of Covalently Connected Symmetrical and Unsymmetrical Spiro-pyran-Polyoxometalate Dyads[END_REF] The oxidation of the central Mn ion of the POM unit is observed at 0.831 V and is easier by 15 mV in comparison with H2N-MnMo6-NH2. The reversible reduction waves at -0.541 and -1.330 V attributed to the reduction of the Mn (Mn III/II couple) and Mo (Mo VI/V couple) centers of the POM unit respectively are shifted towards less cathodic potentials (33 mV and 311 mV respectively).

The electrochemical patterns of TTF-MnMo6-SP consist of three oxidative processes at 0.435, 0.700 and 1.080 V (Figure 4). The first oxidation is assigned to the monoelectronic TTF unit oxidation giving the radical monocation TTF +• , while the second oxidation is irreversible and corresponds to the overlap of the second oxidation of the TTF unit as well as the oxidation of the Mn ion of the POM unit. The third oxidation process is ascribed to the irreversible oxidation of the SP unit already observed for H2N-MnMo6-SP. It must be noted that on the reverse sweep, a large spike at around +0.3 V is observed and corresponds to the cathodic redissolution peak. The phenomenon is due to the strong adsorption of the oxidized species on the electrode. On the cathodic scan, two reversible reduction waves at -0.525 and -1.215 V are detected and can be attributed to the reduction of the Mn and Mo centers respectively as observed for H2N-MnMo6-NH2 and H2N-MnMo6-SP.

TTF-MnMo6-TTF exhibits two oxidation waves at 0.415 and 0.798 V (Figure 4 and Figure S8). The first oxidation process corresponds to the oxidation of the two TTF units into the radical cations TTF +• . The second oxidation wave is attributed to the overlap of the two radical cation TTF +• units into the two TTF 2+ as well as the monoelectronic oxidation of the central Mn ion (Mn IV/III couple) of the POM unit. One important desorption peak at -0.24 V is detected but only after the scan in oxidation (red curve, Figure 4) showing important adsorption after the oxidation of the TTF units on the glassy carbon electrode. As already observed for TTF-MnMo6-SP and TTF-AlMo6, the oxidation of the TTF unit is easier by 172 mV compared to the TTF precursor, (MeS)3TTF(S-CH2-CO2H). Additionally, one reversible reduction attributed to the Mn III/II couple at -0.505 V is detected. Upon oxidation to the cation radical state TTF +• , a decrease in the absorbance bands at 310 and 331 nm is observed with the appearance and concomitant increase of new absorbance bands at 453, 480, 562 and 840 nm (red curve of Figures 5A and5B). [START_REF] Ashton | A Three-Pole Supramolecular Switch[END_REF] An isosbestic point is found at 365 nm (Figures 5A andS10) indicating that conversion from TTF to TTF +• is a direct reaction with no side products or intermediates produced. Upon gradual oxidation to the dicationic species, TTF 2+ , a new absorption band centered at 702 nm grows together with the disappearance of the absorption band at 840 nm concomitantly with the decrease of the bands at 453 and 480 nm (Figure 5A). The UV-Vis-NIR absorption spectrum of the TTF 2+ is shown in Figure 5 (purple curve). Differential UV-Vis-NIR spectra recorded during the first and the second oxidation of (MeS)3TTF(S-CH2-CO2H) respectively give similar results (Figure 5B). It to TTF) are reported in Figure S10C showing that the radical monocation as well as the dication species are stable.

UV-Vis-NIR spectroelectrochemical experiments were also performed with the TTF derivatives. TTF-MnMo6-SP exhibits a behaviour similar to that of (MeS)3TTF(S-CH2-CO2H). Upon oxidation to the cation radical state of the TTF, TTF +• -MnMo6-SP, the decrease of the two bands at 311 and 332 nm occurs together with the increase of two bands at 431, and 894 nm. When the potential reaches the second oxidation of the TTF unit, one additional band typical of the TTF 2+ unit appears at 689 nm but without the disappearance of the two bands at 431 and 894 nm attributed to the TTF +• radical cation. This can be interpreted by the incomplete oxidation of the TTF +• unit possibly due to the irreversible wave detected on the Pt working electrode (Figures 5C and5D) and/or adsorption phenomena. This irreversibility was also detected with glassy carbon electrode (Figure 4). It is impossible at the back sweep to regenerate the starting TTF-MnMo6-SP compound. This may be due to the irreversible oxidation of the spiro subunit which can induce radical coupling to form a dimer. 34 The results of the spectroelectrochemical experiments on the other POMs are given in the SI section.

NLO Properties

HRS measurements were performed on the three novel TTF derivatives as well as on the TTF and SP precursors for comparison purposes (Table 2). The compounds were dissolved either in CH3CN or in CH2Cl2, depending on their solubility in each solvent. The comparison of the values obtained for SPCO2H in both solvents indicates that the solvent has little influence.

Table 2. HRS data at 1064 nm for the hybrid POM/TTF compounds compared to the organic precursor molecules. The  values reported here are defined as These measurements show a clear effect of the grafting of the TTF unit on the MnMo6 Anderson core on the  values, which increase from around 10 for the organic molecular precursors to 20-40 for the hybrid compounds. These values are in the order of magnitude of that found for the well-known 4-dimethylamino-N-methyl-4-stilbazolium (DAS + ) cation (dynamic orientational average value  = 60  10 -30 esu measured also by HRS) [START_REF] Coe | Quadratic Nonlinear Optical Properties of N-Aryk Stilbazolium Dyes[END_REF] but are lower than that observed for organo-imido Lindqvist derivatives with grafted donor organic molecules7 due probably to the lack of conjugation between the POM and the TTF moieties.

The high value observed for the centrosymmetric TTF-MnMo6-TTF complex is remarkable.

This indicates that in solution, the TTF groups do not necessarily adopt a fully "trans" conformation with respect to the central MnMo6 platform (Figure S16). Due to the flexibility of the covalent linkage between TTF and the central unit, some "cis-like" conformation may Considering the exact origin of the important POM contribution to the NLO properties of TTF/POM hybrids, we propose that the POM shows a significant electro-attractive effect enhancing the electronic properties of the amide group, even if the POM and the TTF derivative are not conjugated, rather than an addition of the intrinsic  value of the TTF unit to that of the POM. Indeed this later value is expected to be very weak because of the centrosymmetric character of the POM moiety.

We have also studied the effect of TTF oxidation on the NLO properties of the two TTF hybrids TTF-AlMo6 and TTF-MnMo6-SP. The oxidation was performed by addition of 1 eq. of FeCl3, following a reported procedure. [START_REF] Kauscher | Metastable Oxidation States of Tetrathiafulvalenes on the Surface of Liposomes[END_REF] These measurements could not be performed on TTF-MnMo6-TTF because of the formation of a precipitate after addition of Fe 3+ . After addition of 1 eq. of Fe 3+ the solution of SP-MnMo6-TTF changed from pink to brown and the solution of TTF-AlMo6 from orange to green. A change of the UV-Vis spectra of the solutions was concomitantly observed (Figure S15). These spectra present similarities with the spectra recorded during the spectroelectrochemical measurements (Figures 5C andS12A), in particular the decrease of the bands at 311 and 333 nm together with the appearance of a large band around 800 nm. Furthermore the appearance of a green color is typical of the formation of TTF +• radicals. These results confirm the oxidation of the TTF moieties within the hybrids. It can be observed that the oxidation of the TTF fragment increases the  values of the compounds (Table 2). In spite of the fact that oxidization of TTF might reduce its electron-donor character, the creation of the radical induces new absorption bands in the visible and near-IR (see Figure 5A) which significantly enhances the  values of the molecule according to the resonance model proposed by Oudar and Chemla: 37

𝛽 = 3𝑒 2 ℎ 2 8𝜋 2 𝑚 𝑊. 𝑓. ∆µ 𝐸𝑥 (𝑊 2 -2ℎ𝜔 2 )(𝑊 2 -ℎ𝜔 2 )
where h is the energy of the laser photon at 1.06 µm, W and f are the energy and oscillator strength of the corresponding excited state, and µEx is the difference between excited state and ground state dipole moments.

In particular, the band appearing at 536 nm for TTF-AlMo6 comes very close to the second harmonic wavelength at 532 nm. However, the very weak intensity of this band might be related to a low oscillator strength, then keeping the contribution of this resonance to the  value at a modest level. Therefore, the relative increase of  for this molecule upon single oxidation is only 30%. On the contrary, the intensity of the new absorption bands induced by the single oxidation of TTF-MnMo6-SP is significantly higher, with a higher oscillator strength, resulting in a higher increase of the  value (by a factor of 2).

Conclusions

While several ionic assemblies of POMs and TTF molecules have been reported in the literature, TTF-AlMo6, TTF-MnMo6-TTF and TTF-MnMo6-SP represent the first examples of hybrid complexes where a TTF molecule is covalently grafted on a POM. Electrochemical experiments show that the redox signals attributed to the inorganic and organic counterparts are influenced by their covalent attachment. Furthermore, these molecules represent rare examples of polyoxometalates exhibiting second order non linear optical properties. Further studies will explore the synthesis of crystalline molecular materials by oxidation of the TTF molecules in order to see the influence of the POM on the crystal packing and the conducting properties.

EXPERIMENTAL SECTION

The (MeS)3TTF(S-CH2-CO2H) [START_REF] Zhao | Carboxylic Acid Derivatives of Tetrathiafulvalene : Key Intermediates for the Synthesis of Redox-Active Calixarene-Based Anion Receptors[END_REF] and POM precursors [START_REF] Marcoux | Developing Remote Metal Binding Sites in Heteropolymolybdates[END_REF] and

(TBA)3[AlMo6O18(OH)3{(OCH2)3CNH2}] ((TBA)3H2N-AlMo6), 31 (TBA)3[MnMo6O18{(OCH2)3CNH2}2] ((TBA)3H2N-MnMo6-NH2)
(TBA)3[MnMo6O18{(OCH2)3CNH2}{(OCH2)3CNHC21H19N2O4] ((TBA)3H2N-MnMo6-SP) [START_REF] Oms | Photo-and Electrochromic Properties of Covalently Connected Symmetrical and Unsymmetrical Spiro-pyran-Polyoxometalate Dyads[END_REF] were synthesized according to reported procedures. 2-Ethoxy-1-ethoxycarbonyl-1,2dihydroquinoline (EEDQ) was purchased from Alfa Aesar and was used as received.

Experimental Procedures and Characterization Data.

Synthesis of (TBA)3[AlMo6O18(OH)3{(OCH2)3CNHC11H11S8O}] ((TBA)3TTF-AlMo6): A solution of (TBA)3H2N-AlMo6 (0.250 g, 0.131 mmol), (MeS)3TTF(S-CH2-CO2H) (0.113 g, 0.260 mmol) and EEDQ (0.074 g, 0.300 mmol) in acetonitrile (10 mL) was stirred at 50°C for 3 days. After cooling to room temperature, the orange solution was filtered and the filtrate concentrated. The remaining solution was added to a large amount of diethyl ether and the resulting precipitate was isolated by filtration under vacuum. This treatment was repeated three times. (TBA)3TTF-AlMo6 (0.240 g, 0.106 mmol) was isolated as an orange powder in 81% based on the method of Blessing. [START_REF] Blessing | An Empirical Correction for Absorption Anisotropy[END_REF] The structure was solved by direct methods and refined by full-matrix least-squares using the SHELX-TL package. [START_REF] Sheldrick | SHELX-TL version 5.03, Software Package for the Crystal Structure Determination, Siemens Analytical X-ray Instrument Division[END_REF] The data set of TTF-MnMo6-TTF was corrected with the program SQUEEZE, [START_REF] Van Der Sluis | [END_REF] a part of the PLATON package of crystallographic software used to calculate the solvent or counter-ion disorder area and to remove its contribution to the overall intensity data. The R values are quite high for this structure. Despite several attempts (use of other solvents, concentrations, temperatures), it was not possible to get crystals of better quality. Crystallographic data are given in Table S1 and the complete data can be found in the cif file as Supporting Information.

NLO measurements. Harmonic light scattering was performed at 1.064 μm from a Q-switched Nd 3+ : YAG nanosecond laser (SAGA from Thales Laser) at a 10 Hz repetition rate. The detected signal is then sampled, averaged processed by a computer. A low intensity reference beam is extracted from the main beam at a 45° incidence angle by a glass plate and focused onto a highly nonlinear NPP (N-4-nitrophenyl-prolinol) powder used as a frequency doubler.

The variation of the second harmonic intensity scattered from the solution is recorded on the computer as a function of the reference second harmonic signal provided by the NPP powder, both signals scaling as the square of the incoming fundamental intensity I.

The scattered harmonic signal I 2 from a solution is given by:

I 2 = g N S  S 2 + N  2 ( ) I  2
where g is a geometry factor, NS and N are the number of solvent molecules and nanoparticles Mn IV /Mn III Mn III /Mn II 

Figure 1 .

 1 Figure 1. Schematic representation, abbreviation and synthetic procedures for the three POMs functionalized by TTF groups (all with a 3-charge). Blue octahedra = MoO6, orange octahedra = MnO6, gray octahedra = AlO6.

Figure 2 .

 2 Figure 2. Molecular structure of (MeS)3TTF(S-CH2-CO2H); a) side view, b) top view, c) hydrogen-bonded dimer; black spheres = C, red spheres = O, yellow spheres = S, small black spheres = H.

  , the signals related to the protons belonging to the TTF or SP group can be clearly distinguished in the 1 H NMR spectrum evidencing the expected SP/TTF ratio of 1/1 (Figures S1). In addition, the presence of two signals at 172.2 and 168.1 ppm in its[START_REF] Nmr | K) δ 168[END_REF] C NMR spectrum denotes the grafting onto the inorganic platform of the two distinct entities (SP and TTF respectively) via amide functions. FT-IR spectra show the Mo=O vibrations of the polyoxomolybdate core around 900 cm -1 and the presence of a C=O stretching band characteristic of a -(O)C-NHlinkage, at 1655, 1675 and 1677 cm -1 for TTF-AlMo6, TTF-MnMo6-TTF and TTF-MnMo6-SP, respectively. ESI/MS spectra were also recorded for the three hybrids (FigureS2). The [M + 2 TBA] -(M referring to the trianionic moiety) peak is clearly observed for each compound, confirming the covalent linkage between the POM and the organic moiety.

Figure 3 .

 3 Figure 3. Structure of TTF-MnMo6-TTF; a) view of the molecular structure, b) chain formed by supramolecular interactions between the molecules, c) side view of the TTF moieties in interaction within the chain; black spheres = C, red spheres = O, yellow spheres = S, blue spheres = N, blue octahedra = MoO6, orange octahedra = MnO6; hydrogen atoms have been omitted for clarity.

Figure 4 .

 4 Figure 4. Cyclic voltammograms of (MeS)3TTF(S-CH2-CO2H), TTF-AlMo6, TTF-MnMo6-TTF, H2N-MnMo6-NH2, H2N-MnMo6-SP and TTF-MnMo6-SP at a glassy carbon electrode (d = 3 mm) vs. SCE in 1,2-EtCl2 with 0.1 M TBAPF6 as the supporting electrolyte. Scan rate: 100 mVs -1 . (*) cathodic redissolution peak due to the adsorption of the oxidized species on the electrode.

ba

  Potentials in V vs. SCE were obtained from cyclic voltammetry in 1,2-C2H4Cl2 with 0.1 mol L -1 TBAPF6. Scan rate = 100 mV s -1 . Working electrode: GC, d = 3 mm. The given half-wave potentials are equal to E1/2 = (Epa+ Epc)/2. Under bracket: △Ep = |Epa-Epc|. b not measured Solution spectroelectrochemical studies were carried out to obtain information about the electronic properties of all the compounds (Figure5and FiguresS10-S14). The electrochemical oxidation of (MeS)3TTF(S-CH2-CO2H) (Figures5A and 5B) induces strong changes in the UV-Vis-NIR absorption spectra. In the neutral state, four absorbance bands are detected at 310, 331, 390, and 477 nm (weak). The two lower energy transitions are in good agreement with those reported for TTF compounds. These represent the transitions from the HOMO (π) to the LUMO (*) and from the HOMO to LUMO+1 π → π * respectively.[START_REF] Halpina | Electrochemistry and time dependent DFT study of a (vinylenedithio)-TTF derivative in different oxidation states[END_REF] 

Figure 5 .

 5 Figure 5. UV-Vis-NIR spectroelectrochemical study of (MeS)3TTF(S-CH2-CO2H) and TTF-MnMo6-SP at ambient temperature upon electrochemical oxidation in 1,2-EtCl2 with 0.1 M TBAPF6 as the supporting electrolyte. A) UV-Vis-NIR spectra recorded during the two successive oxidation of the TTF moiety of (MeS)3TTF(S-CH2-CO2H) giving TTF +• and the dication TTF 2+ . B) Differential UV-Vis-NIR spectra recorded during the first and the second oxidation of (MeS)3TTF(S-CH2-CO2H) respectively. C) UV-Vis-NIR spectra recorded during the successive oxidation of TTF-MnMo6-SP. D) Differential UV-Vis-NIR spectra recorded during the oxidation of TTF-MnMo6-SP. Inset shows the corresponding CV at a scan rate of 0.02 V.s -1 .

  that the cyclic voltammograms, measured using a Pt grid working electrode during the spectroelectrochemical measurements, indicate that the two redox processes are reversible.The resulting absorption spectrum from reduction of the dicationic species back to the cation radical one as well as the reduction of the cation radical back to the neutral TTF supports this assumption with nearly a whole reversibility detected on the timescale of the spectroelectrochemical experiment (around 250 s in the case of Fig5B). The change of the absorbance at 702 and 840 nm during the conversion of TTF to TTF +• and the further oxidation of TTF +• to TTF 2+ (as well as the reduction of TTF 2+ to TTF +• and then the reduction of TTF +.

  appear in solution, resulting in a centrosymmetry breaking and a related emergence of a significant  value of the molecule. In fact, if we do not consider TTF-MnMo6-TTF as a single molecule, but as an ensemble of N = 2 (MeS)3TTF(S-CH2-CO2H) molecular units, the expected  value of this ensemble (without considering the role of POM for the moment) would be unit ensemble N   = , resulting in ensemble = 16.10 -30 esu. This value being much lower than the experimental one (37.10 -30 esu) for TTF-MnMo6-TTF, the role of POM in the increase of  values of hybrid POM/TTFs as compared to that of their TTF counterparts is clearly confirmed. If we compare now the  value of TTF-MnMo6-TTF to that of an ensemble of two TTF-AlMo6 molecules, we find from unit ensemble N   = that ensemble = 42.10 -30 esu, a value closer to that of TTF-MnMo6-TTF. This comparison is of course a rough estimate, as the TTF-AlMo6 "monomer" is not exactly the same as TTF-MnMo6 ; moreover, the central POM unit is counted twice in the calculation of ensemble. Anyway, these consideration confirm the essential role of the POM in the strong enhancement of the  value of TTF derivatives, which cannot be explained by the replacement of the COOH moiety by the amide group (this latter one being slightly less electro-attractive than COOH) when attaching (MeS)3TTF(S-CH2-CO2H) to POM units.

  spectra were recorded on a Xevo QTof WATERS (quadrupole-time-of-flight) instrument. The temperature of the source block was set to 120 °C, and the desolvation temperature to 380 °C. A capillary voltage of 2.5 kV was used in the negative scan mode, and the cone voltage was set to 30 V to control the extent of fragmentation of the identified species. Mass calibration was performed using a solution of sodium formate in water:acetonitrile (2:8) from m/z 50 to 1500. Sample solutions were injected via syringe pump directly connected to the ESI source at a flow rate of 10 μL/min. Electrochemical and Spectroelectrochemical measurements. Voltammetric data were recorded with a standard three-electrode system using a PARSTAT 2273 potentiostat. ). Glassy carbon electrode (d = 3 mm) was used as working electrode, and a platinum wire as auxiliary electrode. The reference electrode was the saturated calomel electrode that was electrically connected to the solution by a junction bridge filled with electrolyte.UV-Vis-NIR spectroelectrochemical experiments were performed with an optically transparent thin-layer electrochemical (OTTLE) cell (University of Reading UK, Hartl, F.) equipped with a Pt grid working electrode and CaF 2 optical windows.[START_REF] Krejcik | Simple Construction of Infrared Optically Transparent Thin-Layer Electrochemical Cell[END_REF] UV-Vis-NIR spectroelectrochemical analyses were carried out with a Zeiss MCS 601 UV-Vis-NIR diode array spectrometer. Spectrophotometric analyses of the films were conducted using a 0.1 M solution of Bu4NPF6 in 1,2-C2H 4 Cl 2 . The concentration of hybrid POMs in the solution was 1 mM. The OTTLE cell consists of a demountable cell body equipped with a set of CaF2 optical windows (41×23×6 mm) allowing to perform UV-vis-NIR-IR spectroelectrochemical experiments. The windows are separated with a modified polyethylene spacer (thickness of ca 0.2 mm = optical path) with a melt-sealed three-electrode system consisting of a Pt minigrid working electrodes (32 wires/cm), a Pt minigrid auxiliary electrode and an Ag wire pseudoreference electrode. The wire contacts are stable against air oxidation and shielded from electronic noise. Results are reported in FiguresS9-S13.Crystal Structure Determination. Single crystal X-ray diffraction data collection were carried out by using an APEXII Bruker-AXS ((MeS)3TTF(S-CH2-CO2H)) and a Bruker Nonius X8 APEX 2 (TTF-MnMo6-TTF), each equipped with a CCD bidimensional detector using the monochromatised wavelength (Mo K) = 0.71073 Å. Absorption corrections were based on multiple and symmetry-equivalent reflections in the data set using the SADABS program[START_REF] Sheldrick | Program for Scaling and Correction of Area Detector Data[END_REF] 

  per unit volume respectively; βS and β are the molecular hyperpolarizability of the solvent and nonlinear molecule, respectively. From the slopes P (respectively P0) of the lines obtained for the solution (respectively solvent) by recording the variation of I 2ω as a function of I NNP 2 (the

Table 1 .

 1 Electrochemical

		data for (MeS)3TTF(S-CH2-CO2H), TTF-AlMo6, H2N-MnMo6-NH2,
	H2N-MnMo6-SP, TTF-MnMo6-TTF and TTF-MnMo6-SP.		
	Compounds	SP	Mn IV/III	TTF	Mn III/II	Mo VI/V
			and/or TTF			
	(MeS)3TTF(S-CH2-CO2H) a		0.928 (115)	0.587 (105)		
	TTF-AlMo6 a		0.770 (100)	0.400 (200)		b
	H2N-MnMo6-NH2 a		0.846 (113)		-0.574 (128)	-1.641 irr
	H2N-MnMo6-SP a	1.061 irr	0.831 (222)		-0.541 (114)	-1.330 (133)
	TTF-MnMo6-SP a	1.080 irr	0.700 irr	0.435 (210)	-0.525 (68)	-1.215 (109)
	TTF-MnMo6-TTF a		0.798 (96)	0.415 (63)	-0.505 (77)	
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