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Spin Crossover and High-Spin State in Fe(II) Anionic Polymorphs Based on Tripodal Ligands

(2) (py3C-OEt = tris(pyridin-2yl)ethoxymethane) have been synthesized and characterized by single crystal X-ray diffraction, by magnetic and photomagnetic measurements, and by detailed variable temperature infrared spectroscopy. The molecular structure, in both complexes, is composed by the same anionic [Fe(py3C-OEt)(NCS)3] -complex (two units for 1, and one unit for 2) generated by a coordination, to the Fe(II) metal centre, of one tridentate py3C-OEt tripodal ligand and three terminal N-SCN co-ligands. Magnetic studies revealed that polymorph 2 displays high spin (HS) state in the whole studied temperature range (300-10 K), while complex 1 exhibits an abrupt and complete spin crossover (SCO) transition at ca. 132.3 K and for which the structural characterizations, performed at 295 and 100 K, show a strong modification, resulting from the thermal evolutions of the Fe-N bond lengths and of the distortion parameters (∑ and Θ) of the FeN6 coordination sphere, in agreement with the presence of HS and LS states at 295 and 100 K, respectively. This thermal transition has been also confirmed by the thermal evolution of the maximum absorbance for (NCS) vibrational bands recorded in the temperature range 200-10K. In 1 the signature of a metastable photo-induced HS state has been observed using photo-magnetic and photo-infrared spectroscopy, leading to a similar T(LIESST) relaxation temperature (LIESST = Light-Induced Excited Spin-State Trapping) of 70 K.

■ INTRODUCTION

Among systems exhibiting switchable behaviors, spin crossover (SCO) materials are undeniably the most studied systems during the last few years, in view of their many potential applications, in particular for the development of new generations of sensors, [START_REF] Bartual-Murgui | Spin-crossover metal-organic frameworks: promising materials for designing gas sensors[END_REF][2][START_REF] Linares | Pressure and temperature spin crossover sensors with optical detection[END_REF][START_REF] Cuéllar | Thermochromic sensor design based on Fe (II) spin crossover/polymers hybrid materials and artificial neural networks as a tool in modelling[END_REF][START_REF] Rodriguez-Jimenez | Non-Porous Iron(II)-Based Sensor: Crystallographic Insights into a Cycle of Colorful Guest-Induced Topotactic Transformations[END_REF][START_REF] Benaicha | Interplay between Spin-Crossover and Luminescence in a Multifunctional Single Crystal Iron (II) complex: Towards a New Generation of Molecular Sensors[END_REF] Organic Light-Emitting Diode (OLED), [START_REF] Matsuda | Reproducible on-off switching of the light emission from the electroluminescent device containing a spin crossover complex[END_REF] displays [START_REF] Cobo | Multilayer Sequential Assembly of Thin Films That Display Room-Temperature Spin Crossover with Hysteresis[END_REF][START_REF] Kahn | Spin-transition polymers: from molecular materials toward memory devices[END_REF][START_REF] Garcia | Non-classical FeII spin-crossover behaviour leading to an unprecedented extremely large apparent thermal hysteresis of 270 K: application for displays[END_REF][START_REF] Murray | Cooperativity in Spin Crossover Systems: Memory, Magnetism and Microporosity[END_REF] and memory devices. 11- 15 SCO phenomenon can occur in molecular complexes for which the metal ion displays appropriate electronic configuration (3d 4 -3d [START_REF] Matsuda | Reproducible on-off switching of the light emission from the electroluminescent device containing a spin crossover complex[END_REF] ), that allows spin state change between the high spin (HS) and low spin (LS) states when the metal complex is subjected to external perturbation (eg. temperature, pressure or light irradiation). Even if systems based on Co II , [START_REF] Guionneau | II) molecular complexes as a reference for the spin crossover in Fe(II) analogues[END_REF][START_REF] Gaspar | Co II (4-terpyridone)2]X2: A Novel Cobalt(II) Spin Crossover System [4-Terpyridone = 2,6-Bis(2-pyridyl)-4(1H)pyridone][END_REF][START_REF] Zarembowitch | Magnetic Properties of Some Spin-Crossover, High-Spin, and Low-Spin Cobalt(II) Complexes with Schiff Bases Derived from 3-Formylsalicylic Acid[END_REF][START_REF] Fürmeyer | First Cobalt(II) Spin Crossover Compound with N4S2-Donorset[END_REF][START_REF] Nik Ibrahim | Molecular design strategies for spin-crossover (SCO) metal complexes (Fe(II) and Co(II)) for thermoelectricity[END_REF] Mn and Fe are increasingly being investigated in the last few years thanks to considerable synthetic efforts, those based on the Fe(II) ion (d [START_REF] Benaicha | Interplay between Spin-Crossover and Luminescence in a Multifunctional Single Crystal Iron (II) complex: Towards a New Generation of Molecular Sensors[END_REF] electronic configuration) are, by far, the most reported systems. However, while SCO complexes are, in their great majority, either cationic or neutral; the few SCO anionic systems reported up today are, to the best of our knowledge, restricted to Fe(III) [START_REF] Phonsri | Double spin crossovers: A new double salt strategy to improve magnetic and memory properties[END_REF][START_REF] Phonsri | Iron(III) Azadiphenolate Compounds in a New Family of Spin Crossover Iron(II)-Iron(III) Mixed-Valent Complexes[END_REF][START_REF] Murata | The Role of Coulomb Interactions for Spin Crossover Behaviors and Crystal Structural Transformation in Novel Anionic Fe(III) Complexes from a π-Extended ONO Ligand[END_REF][START_REF] Takahashi | A New Family of Anionic Fe III Spin Crossover Complexes Featuring a Weak-Field N2O4 Coordination Octahedron[END_REF][START_REF] Cook | High-Temperature Spin Crossover Behavior in a Nitrogen-Rich Fe III Based System[END_REF][START_REF] Li | Multi-Step Spin Crossover Accompanied by Symmetry Breaking in an Fe III Complex: Crystallographic Evidence and DFT Studies[END_REF][START_REF] Floquet | The crystallographic phase transition for a ferric thiosemicarbazone spin crossover complex studied by X-ray powder diffraction[END_REF][START_REF] Floquet | Spin transition with a large thermal hysteresis near room temperature in a water solvate of an iron(III) thiosemicarbazone complex[END_REF][START_REF] Zelentsov | Review of the anionic Fe III complexes from thsa and thpu ligands[END_REF][START_REF] Karuppannan | Room temperature conductance switching in a molecular iron(III) spin crossover junction[END_REF] and Fe(II) [START_REF] Yamada | Interlayer Interaction of Two-Dimensional Layered Spin Crossover Complexes[END_REF][START_REF] Gómez | Easy Excited-State Trapping and Record High TTIESST in a Spin-Crossover Polyanionic Fe(II) Trimer[END_REF][START_REF] Hirosawa | Spin crossover and light-induced excited spinstate trapping observed for an iron (II) complex chelated with tripodal tetrakis (2pyridyl) methane[END_REF][START_REF] Yamasaki | Spin-crossover thermal hysteresis and light-induced effect on iron (II) complexes with tripodal tris (2-pyridyl) methanol[END_REF][START_REF] Yamasaki | Heating-rate dependence of spin-crossover hysteresis observed in an iron (II) complex having tris (2-pyridyl) methanol[END_REF][START_REF] Ishida | An iron(II) complex tripodally chelated with 1,1,1-tris(pyridine-2-yl)ethane showing room-temperature spin-crosssover behaviour[END_REF][START_REF] Kashiro | Iron(II) and 1,1,1-Tris(2pyridyl)nonadecane Complex Showing an Order-Disorder-Type Structural Transition and Spin-Crossover Synchronized over Both Conformers[END_REF][START_REF] Cuza | Spin Cross-Over (SCO) Anionic Fe(II) Complexes Based on the Tripodal Ligand Tris(2-pyridyl)ethoxymethane[END_REF] metal ions. Such anionic complexes are, however, essential for the design of multifunctional materials such as fluorescent or conducting switchable materials, [START_REF] Benaicha | Interplay between Spin-Crossover and Luminescence in a Multifunctional Single Crystal Iron (II) complex: Towards a New Generation of Molecular Sensors[END_REF][START_REF] Coronado | Coexistence of ferromagnetism and metallic conductivity in a molecule-based layered compound[END_REF] since they could allow, through appropriate metathesis syntheses, the possibility to introduce functional cations such as fluorescent cations or tetrathiafulvalene (TTF) derivatives electron-donor molecules.

For the Fe(II) complexes, only three different series have been investigated. The first one, [Fe II H3L Me ][Fe II L]X (X -= AsF6 -, BF4 -, ClO4 -, PF6 -, SbF6 -), reported by Tuchagues et al. in 2003, is based on the neutral H3L Me and on the deprotonated (L Me ) 3-hexadentate ligands, which was characterized as supramolecular 2D-array comprising SCO cationic ([Fe II H3L Me ] 2+ ) and anionic ([Fe II L Me ] -) complexes (see scheme 1a). [START_REF] Yamada | Interlayer Interaction of Two-Dimensional Layered Spin Crossover Complexes[END_REF] The second system consists on [Fe II 3(μ-L)6(H2O)6] 6-discrete trinuclear anionic units, based on substituted triazole (L 2-) anionic ligand (see scheme 1b), [START_REF] Gómez | Easy Excited-State Trapping and Record High TTIESST in a Spin-Crossover Polyanionic Fe(II) Trimer[END_REF] that display a HS-HS-HS to HS-LS-HS transition above room temperature and an unexpected large hysteresis loop (> 85 K) in respect to the parent trinuclear neutral complexes well-known for their gradual SCO behavior without any significant cooperative effects. [47][START_REF] Savard | Gradual spin crossover behaviour in a linear trinuclear Fe II complex[END_REF][START_REF] Shakirova | Synthesis and Physicochemical Study of Iron(II), Cobalt(II), Nickel(II), and Copper(II) Complexes with 4-(2-Pyridyl)-1,2,4-Triazole[END_REF][START_REF] Garcia | Crystal Structure, Magnetic Properties and 57 Fe Mössbauer Spectroscopy of the New Trinuclear [Fe3(4-(2'hydroxyethyl)-1,2,4-triazole)6 (H2O)6[END_REF][51][START_REF] Thomann | Spin Conversion versus Antiferromagnetic Interaction in Iron(II) Trinuclear Species. Crystal Structures and Magnetic Properties of [Fe3(p-MeOptrz)6(H2O)[END_REF][START_REF] Vos | Unique high-spin-low-spin transition of the central ion in a linear, trinuclear iron(II) triazole compound[END_REF] For the last series, the first Fe(II) SCO anionic complex, described in 2012, consists in the mononuclear [Fe(py4C)(NCS)3] -complex based on the rigid tripodal tetrakis(2pyridyl)methane (py4C) ligand (see schemes 1c, R = py). [START_REF] Hirosawa | Spin crossover and light-induced excited spinstate trapping observed for an iron (II) complex chelated with tripodal tetrakis (2pyridyl) methane[END_REF] [START_REF] Cuza | Spin Cross-Over (SCO) Anionic Fe(II) Complexes Based on the Tripodal Ligand Tris(2-pyridyl)ethoxymethane[END_REF] containing similar tripodal ligand but for which the counter-ion corresponds to the low spin

[Fe(py3C-OEt)2][Fe(py3C-OEt)(NCE)3]2.2CH3CN (NCE -= NCS -, NCBH3 -),
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[Fe(py3C-OEt)2] 2+ complex, almost similar to that observed for the [Fe(py4C)2][Fe(py4C)(NCS)3]2. [START_REF] Hirosawa | Spin crossover and light-induced excited spinstate trapping observed for an iron (II) complex chelated with tripodal tetrakis (2pyridyl) methane[END_REF] Ultimately, during the preparation of this manuscript, two new series of anionic SCO complexes, (Me4N)[Fe(py3C-CnH2n+1)(NCS)3] (n = 1-7) and (Me4N)[Fe(py3C-CO2CnH2n+1] (n = 1-6), have been reported. [START_REF] Kashiro | Odd-Even Effect on the Spin-Crossover Temperature in Iron(II) Complex Series Involving an Alkylated or Acyloxylated Tripodal Ligand[END_REF] In this work, the authors showed a clear effect, on the transition temperatures, of the odd-even of the number of carbon atoms of the alkyl groups attached to the py3C motif, for each series. Last but not least, other neutral parent complexes, involving similar tridentate ligands and thiocyanato coligand, but acting as a -N:S-SCN bridging co-ligand, have also been investigated:

this concerns the two dinuclear complexes [{Fe(py3C-OH)(NCS)(μ-NCS)}2](PrOH)2
and [{Fe(py3C-OC6H5)(NCS)(μ-NCS)}2] exhibiting SCO behavior and ferromagnetic interactions, respectively, despite their almost similar molecular structures. [START_REF] Yamasaki | First Iron(II) Spin-crossover Complex with an N5S Coordination Sphere[END_REF][START_REF] Mekuimemba | On the Magnetic Coupling and Spin Crossover Behavior in Complexes Containing the Head-to-Tail [Fe II 2(μ-SCN)2] Bridging Unit: A Magnetostructural Experimental and Theoretical Study[END_REF] This intriguing observation has been elucidated by magneto-structural studies which suggested that the SCO is favored by short Fe II -N distances between the metal ion and the three nitrogen atoms of the tripodal ligand, and by relatively linear Fe-N-C(S) angles that promote a stronger ligand field. [START_REF] Mekuimemba | On the Magnetic Coupling and Spin Crossover Behavior in Complexes Containing the Head-to-Tail [Fe II 2(μ-SCN)2] Bridging Unit: A Magnetostructural Experimental and Theoretical Study[END_REF] In the same time, with the objective to understand the effect of the R functional group of the py3C-R tripodal ligand on the structural features and on SCO behavior, we have prepared a new coordination polymer, [{Fe(py3C-OMe)(NCS)(μ-NCS)}n], exhibiting one dimensional (1-D) structure and an abrupt complete SCO transition with a transition temperature of 199 K. [START_REF] Nebbali | One-Dimensional Thiocyanato-Bridged Fe(II) Spin Crossover Cooperative Polymer With Unusual FeN5S Coordination Sphere[END_REF] According to the study of two isomorph complexes, involving the two NCS -and NCBH3 -ancillary co-ligands (see above), [START_REF] Cuza | Spin Cross-Over (SCO) Anionic Fe(II) Complexes Based on the Tripodal Ligand Tris(2-pyridyl)ethoxymethane[END_REF] that revealed significant effect of the linear anionic co-ligands on the transition temperatures, but without any significant influence on the cooperativity, we focused on the effect of the crystal packing on the SCO characteristics, with the objective to better control the cooperativity in such SCO systems. In this context, we report in the present work the syntheses, structural characterizations, magnetic properties and variable temperature infrared spectroscopy of the two polymorph complexes [(C2H5)4N]2[Fe(py3C-OEt)(NCS)3]2 (1) and [START_REF] Bernstein | Polymorphism -A Perspective[END_REF] as the first anionic polymorphs for which one of them exhibits SCO behavior. Both complexes (1 and 2) have been prepared using the same reagents used for the synthesis of one of the two isomorphs noticed above ([Fe(py3C-OEt)2][Fe(py3C-OEt)(NCE)3]2.2CH3CN), [START_REF] Cuza | Spin Cross-Over (SCO) Anionic Fe(II) Complexes Based on the Tripodal Ligand Tris(2-pyridyl)ethoxymethane[END_REF] but in the present work, we have established appropriate synthesis protocol that clearly discriminates the nucleation and the crystal growth of each complex (see details in results discussion section).

[(C2H5)4N][Fe(py3C-OEt)(NCS)3] (2) (py3C-OEt = tris-(2-pyridyl)ethoxymethane),

■ EXPERIMENTAL SECTION

Materials and Physical Measurements. All starting reagents and solvents, and iron(II) salts were purchased (Sigma-Aldrich, Acros Organic, Cambridge Isotope Laboratories). The solvents have been dried under nitrogen using sodium and benzophenone for THF, CaH2 for MeOH, BaO for DMF and sodium for EtOH. All the organic syntheses were performed under nitrogen atmosphere. The tris-(pyridin-2yl)ethoxymethane (py3C-OEt) ligand was prepared as previously described, [START_REF] White | Preparation and Reactions of the C3v Ligand Tris(2pyridyl)methane and Its Derivatives[END_REF][START_REF] Jonas | Synthesis and Characterization of a Family of Systematically Varied Tris(2-pyridyl)methoxymethane Ligands: Copper(I) and Copper(II) Complexes[END_REF] with slight modifications (see details in SI, and Figs S1-S10). Infrared spectra of the py3C-OEt ligand and complexes have been performed at room temperature, in the 4000-400 cm -1 range, using a platinum ATR Vertex 70 BRUKER spectrometer. Temperature dependences of IR spectroscopy (including under irradiation at 10 K) were performed in the 2300-1900 cm -1 range, using a Nicolet 5700 FT-IR spectrometer with a DTGS KBr detector with KBr pellets, and a Vertex 70 BRUKER spectrometer with variable temperature cell holder (VT Cell Holder typer P/N GS21525). Photoexcitation in the IR measurement was carried out using a 505 nm LED (Thorlabs, model m505L3-C1) tuned to 40 mW (51 mW.cm -2 ). The IR data have been qualitatively analysed in the form of absorbance (ABS) vs. wavenumber (in cm -1 ). For the quantitative analysis and comparison with the thermo-magnetic and photo-magnetic measurements, the intensities of the HS vibration bands were represented as ABS vs. T, while the intensities of the LS vibration bands were represented as (1-ABS) vs. T. All NMR spectra ( 1 H et 13 C) spectra were performed using BRUKER DRX 300 MHz, Advance 400 MHz and Advance III HD 500 MHz equipment. Magnetic and Photomagnetic Measurements. The magnetic studies were performed with a Quantum Design MPMS-XL-5 SQUID magnetometer in the 10-300 K temperature range with an applied magnetic field of 2 Tesla, using single crystals for compound 1 (m= 10.49mg, H = 10 kOe and scan rate = 0.4 K.mn -1 ) and polycrystalline powder for compound 2 (m = 1.82 mg, H = 5 kOe, scan rate = 2 K.mn - 1 ). Photomagnetism for 1 and 2 were performed using a thin layer of sample whose thermal SCO curve was overlapped to the one obtained with the accurately weighted sample. Irradiations were applied through an optical fiber that connects a set of photodiodes to the SQUID sample holder. All the experiments were done using the standard measurement of the T(LIESST) temperature. [START_REF] Chastanet | A critical review of the T(LIESST) temperature in spin crossover materials -what it is and what it is not[END_REF] Magnetic susceptibility was corrected for the diamagnetism on the basis of the corresponding chemical formula, using Pascal's tables. [START_REF] Bain | Diamagnetic corrections and Pascalʹs constants[END_REF] (see SI for details).

Syntheses of the complexes 1-2. [(C2H5

X-ray Crystallography. The crystallographic studies were performed on single crystal and microcrystalline powder at various temperature. More details are provided in the Supplementary Information. Crystal data, structure refinement parameters, and selected bond lengths and bond angles are listed in Tables S2 andS3, respectively, while powder diffraction patterns are given in Figures S12 andS13.

■ RESULTS AND DISCUSSION

Synthesis. The py3C-OEt ligand was prepared following the previously reported procedures [START_REF] White | Preparation and Reactions of the C3v Ligand Tris(2pyridyl)methane and Its Derivatives[END_REF][START_REF] Jonas | Synthesis and Characterization of a Family of Systematically Varied Tris(2-pyridyl)methoxymethane Ligands: Copper(I) and Copper(II) Complexes[END_REF] reported very recently by some of us; [START_REF] Cuza | Spin Cross-Over (SCO) Anionic Fe(II) Complexes Based on the Tripodal Ligand Tris(2-pyridyl)ethoxymethane[END_REF] the second type consists of single crystals of yellow thin plates and corresponds to complex 2; and the third one of cubic orange crystals corresponds to complex 1.

To obtain each complex as pure single crystal, we have established appropriate synthesis protocols that discriminate the nucleation and the crystal growth of each complex separately (see details in experimental section). Single crystals of complex 1 were obtained when the final solution was quickly placed at -32 °C, to prevent the formation of single crystals of 2 and 3; while the formation of single crystals of 2 requires fast evaporation in order to avoid the formation of complex 1. In order to confirm the similarity between the single crystal and the polycrystalline powder of 2, X-ray powder diffraction spectrum (XRPD) of the powder sample has been recorded at room temperature. The corresponding XRPD pattern depicted in Fig. S12 is almost similar to that calculated from the single crystal structure. Although polymorph 1 was only obtained as single crystals, its corresponding X-ray powder diffraction pattern was performed (Fig. S13) to confirm absence of any crystalline impurities in the sample used for magnetic and spectroscopic studies. The absence of any non-crystalline impurities (or only very low fraction) in the powder sample of 2 was confirmed by infrared spectroscopy which showed that the spectrum recorded on the single crystal sample is similar to that observed for the corresponding polycrystalline powder (Fig. S11). However, as revealed by the magnetic data, this polycrystalline powder of 2 contains probably a fraction of ca. 5.5 % of polymorph 1, which is not easily detected in the X-ray powder diffraction data (see details below).

Crystal Structures. Based on the magnetic data discussed below, the crystal structures have been determined at 295 K and at 100 K for compound 1, and at 150 K and 90 K for compound 2. The unit cell parameters, crystal and refinement data, and the relevant bond lengths and bond angles are given in Tables 1 and2, respectively. 

a R1 = ∑||Fo|-|Fc||/∑|Fo|; b wR2= {∑[w(Fo 2 -Fc 2 ) 2 ]/ ∑[w(Fo 2 ) 2 ]} 1/2 ; c GooF= {∑[w(Fo 2 -Fc 2 ) 2 ]/ (Nobs-Nvar)} 1/2
The following general structural descriptions will be restricted to the data collected at 295 K for 1 and at 150 K for 2; the structural changes induced at low temperature (essentially for 1) will be discussed in the following sections. Compounds 1-2 crystallise in triclinic (space group P-1) and in orthorhombic (space group Pca21) systems, respectively. The structure of 1 is built from two [Fe(py3C-OEt)(NCS)3] - symmetry independent anions centred on two Fe(II) ions (noted Fe1A and Fe1B) and two [(C2H5)4N] + cations, all located on general positions (Fig. 1). The asymmetric unit of complex 2, is only composed of one [Fe(py3C-OEt)(NCS)3] -anion centred on the Fe1 ion together with one [(C2H5)4N] + cation, both located on general positions (Fig. 2).

Such compositions led to the general crystallographic formula

[(C2H5)4N]2[Fe(py3C- OEt)(NCS)3]2 (1) and [(C2H5)4N][Fe(py3C-OEt)(NCS)3] (2)
, confirming that 1 and 2 are two mononuclear polymorphs. [START_REF] Bernstein | Polymorphism -A Perspective[END_REF] In both polymorphs, the molecular structure is composed by the anionic [Fe(py3C-OEt)(NCS)3] -complex (two units Fe1A and Fe1B for Σ is the sum of the deviation from 90° of the 12 cis-angles of the FeN6 octahedron.

Θ is the sum of the deviation from 60° of the 24 trigonal angles of the projection of the FeN6 octahedron onto its trigonal faces. [START_REF] Guionneau | Structural Aspects of Spin Crossover. Example of the [Fe II Ln(NCS)2] Complexes[END_REF] The At lower temperature, the χmT value drops to 0.10 cm 3 Kmol -1 consistent with all Fe II centers in the LS state. This behavior indicates the presence of a complete HS/LS transition at 132.3 K (Fig. 4). As for 1, upon cooling, the χmT value of 2, remains constant down to approximately 150 K where a slight gradual decrease occurs to reach a value of ca. 3.25 cm 3 K mol -1 at 50 K, in agreement with the presence of ca. 89 % HS for the Fe(II) ions. The decrease observed below 20 K is attributed to the presence of a zero field splitting (ZFS) of the HS Fe(II) ions. Finally, the slight gradual decrease of the χmT product observed for compound 2 could be attributed to the presence of ca. 5.5 % impurity of 1 in the polycrystalline sample of 2 used for the magnetic characterization.

The fact that this χmT decrease occurs slightly below the transition temperature of 1 (T1/2 = 132.3 K) does not point any inconsistency with this assumption since it is well known that the SCO diluted systems exhibit more gradual transition with lower transition temperature with respect to the pure phases. [START_REF] Baldé | The role of iron(II) dilution in the magnetic and photomagnetic properties of the series [FexZn1-x(bpp)2](NCSe)2[END_REF][START_REF]Effect of Metal Dilution on the Thermal Spin Transition of [FexZn1x(bapbpy)(NCS)[END_REF] This assumption is further confirmed by two experiments. The first one is the relaxation kinetics recorded at 50 K and 75 K that do not show any time dependence of the χmT value. This clearly indicates that there is no kinetic trapping of any species and that this behavior is not coming from a partial spin crossover of 2 (see Fig. S17). The second experiment is the lightirradiation at 10 K and 510 nm that allows the population of a HS metastable state exhibiting a T(LIESST) of 68 K (see Fig. S17). This photo-switching involves around 5 % of the material and the T(LIESST) relaxation clearly corresponds to the photoswitching behavior of 1 described below (Fig. 5). These two experiments are strongly in favour of the presence of ~ 5 % impurity of polymorph 1 in this sample.

Irradiation of compound 1 at 10 K with green laser light ( = 510 nm, 6 mW.cm -2 ) resulted in an intense increase of the magnetic signal (Fig. 5). After one hour of irradiation, the light was switched off and the temperature increased at a rate of 0.4 K.min -1 , corresponding to the standard measurement of the T(LIESST) temperature. [START_REF] Chastanet | A critical review of the T(LIESST) temperature in spin crossover materials -what it is and what it is not[END_REF] The comparison between the maximum of the χmT value of the HS photo-induced state (3.389 cm 3 K mol -1 ) and that observed in the dark at high temperature (3.677 cm 3 K mol - 1 ), where the systems is in a 100 % HS state, reveals that at low temperature the photo-conversion reaches almost 100 % of the HS state in the bulk material. When the sample was warmed up in the dark, a thermally activated relaxation of the photo-induced HS state was reached, leading to a relaxation temperature T(LIESST) of 70 K (minimum  m T/T derivative of the χmT vs. T plot, Inset Fig. 5). Temperature dependent infrared spectroscopy for compounds 1-2. To confirm the conclusion derived from the magnetic data such as the spin sates of the Fe(II) centres at room and low temperatures, the complete HS to LS transition for 1 and the presence of a small fraction of 1 in the polycrystalline sample of complex 2, we have recorded infrared spectra in the range corresponding to the stretching vibration (C≡N) of the NCS groups (2025-2150 cm -1 ) since the intensities of such vibrations are very sensitive to the spin state of the complex. [START_REF] Cuza | Spin Cross-Over (SCO) Anionic Fe(II) Complexes Based on the Tripodal Ligand Tris(2-pyridyl)ethoxymethane[END_REF][START_REF] Nakamoto | Infrared and Raman Spectra of Inorganic and Coordination Compounds -Part B: Applications in Coordination[END_REF][74][START_REF] Brehm | Investigation of the low-spin to high-spin transition in a novel [Fe(pmea)(NCS)2] complex by IR and Raman spectroscopy and DFT calculations[END_REF][START_REF] Park | Temperature-dependent infrared spectrum of (Bu4N)2[Ru(dcbpyH)2(NCS)2] on nanocrystalline TiO2 surfaces[END_REF][START_REF] Varma | An Infrared Spectroscopic Study of the Low-Spin-High-spin transition in in FexMn1-x(Phen)2(NCS)2: a Composition-Induced Change in the Order of the Spin-State Transition[END_REF][START_REF] Sankar | An investigation of the first-order spin-state transition in the Fe(Phen)2(NCS)2 EXAFS and infrared spectroscopy[END_REF][START_REF] Smit | The spin-transition complexes [Fe(Htrz)3](ClO4)2 and [Fe(NH2trz)3](ClO4)[END_REF][START_REF] Durand | Room temperature bistability with wide thermal hysteresis in a spin crossover silica nanocomposite[END_REF] For both complexes, the infrared spectra have been recorded using regular KBr pellets which impose the crushing of single crystals.

For 1, according to the thermal dependences of the χmT product and to the thermal evolution of the metastable HS state depicted in Fig. 5, we have recorded the infrared spectra at 200 and 10 K, at 10 K under irradiation and at 80 K after relaxation from the photo-induced HS to the LS states. The resulting infrared spectra in the region of the NCS stretching vibrations (2025-2150 cm -1 ) are depicted in Fig. 6a. The infrared spectrum performed at 200 K (see red bands in Fig. 6a) displays three strong vibration bands around 2080 cm -1 (2069, 2080 and 2089 cm -1 ) which are attributed to the HS state (and will be considered as a spectral signature of the HS state hereafter), in relation with the full HS state derived from the magnetic data above 160 K. The observed splitting of the vibration bands is due to the presence of two symmetry independent [Fe(py3C-OEt)(NCS)3] -anions and to their low symmetry in the P-1 space group, leading to coupling in the NCS stretching modes. At 10 K, that is below the thermal HS to LS transition revealed by the magnetic results, the infrared spectrum shows that the characteristic bands of the NCS stretching vibrations are shifted to higher frequencies (2105, 2116 and 2125 cm -1 ). This is expected owing to higher force constants in the LS state (typical frequency shift of nearly 40 cm -1 ). Under irradiation at 10 K ( = 505 nm, 40 mW, 5 min), the resulting spectrum (see green bands in Fig. 6a) displays vibration bands (2067, 2079, and 2087 cm -1 ) almost similar to the 200 K HS state, confirming the full LS to HS conversion under irradiation, as revealed by the photo-magnetic data (Fig. 5). Starting from the photo-induced HS state, the temperature was further increased to 80 K; the resulting infrared spectrum appears very similar to the previously measured 10 K LS state, confirming the complete HS to LS relaxation. At last, the two spectra characteristic of the HS states at 200 and 10 K (red and green bands in Fig. 6a), in particular the spectrum recorded at 10 K under irradiation, show weak broad bands at higher frequency, around the characteristic region of the LS state, as well as the two spectra attributed to the LS state (blue and aqua bands in Fig. 6a) which display relatively weak bands at lower frequency around the HS region. These weak and broad bands could be attributed to the presence of very low fraction of the corresponding spin state, and therefore should not question the complete thermal SCO transition and the full HS to LS conversion under irradiation, discussed above for compound 1. For 2, according to the magnetic data shown in Fig. 4, the infrared spectra have been recorded only at 300 and 90 K (Fig. 6b). The room temperature spectrum confirms the presence of a full HS sate as revealed by the magnetic studies. At low temperature (90 K), although this HS spin band remains virtually unchanged (marginally shifted to slightly higher frequencies owing to 300K-90K thermal effects), a second band of moderate intensity appears at higher frequency in the characteristic region of the LS state. This latter is indeed located at a similar frequency than the corresponding value observed for the strongest band observed for 1 in the LS region (2105 cm -1 ). This observation supports further the presence of a low fraction of 1 in the polycrystalline sample of polymorph 2, as revealed by the magnetic data.

Magneto-Spectroscopic and Structural relationships for compounds 1-2.

Following the conclusions derived from the infrared spectra on HS and LS states of both thermal and photo-induced transitions in compound 1 (see Fig. 6a), we have recorded the infrared spectra with temperature, in the region corresponding to the NCS stretching vibration for this compound. According to the magnetic behavior (see Fig. 5), the infrared spectra were recorded in the 200-10 K range for the thermomagnetic transition (Fig. 7a) and in the range 10-80 K for the photo-magnetic behavior, including the HS to LS relaxation (Fig. 7b). As clearly depicted in Fig. 7a, the intensities of the three C≡N vibrational bands (2069, 2080 and 2089 cm -1 ), signature of the HS state, do not show any modification upon cooling to 160 K. From 150 K to 110 K, these bands decrease in intensity, and do not show any strong dependence upon further cooling from 110 K to 10 K. In addition, from 150 K to 110 K, the vibration bands at higher energies (2105, 2116 and 2125 cm -1 ), signature of the LS state appear and gradually increase with decreasing the temperature. The three C≡N bands characteristic of the metastable HS state, change similarly when the temperature was increased in the dark from the photo-induced HS state at 10 K (2067, 2079 and 2087 cm -1 ) to the relaxed LS at 80 K (2105, 2116 and 2125 cm -1 ) (see Fig. 7b): the intensities of the three C≡N bands (2067, 2079 and 2087 cm -1 ), assigned to the HS state, first stay constant from 10 K to 40 K, and then abruptly decrease in intensity from 50 K to 60 K. In parallel, three other bands, attributed to the LS state, appear at higher frequencies (2105, 2116 and 2125 cm -1 ) whose intensities increase with increasing the temperature. This behavior is perfectly consistent with the conclusions drawn from the thermo-magnetic and photo-magnetic investigations.

The Fe-N bond lengths (<d(Fe-N)>) and distortion parameters (∑ and Θ)

summarized in Table 2 for the polymorph complexes 1 and 2 confirms the presence of almost full HS state for 1 at 295 K and for 2 at 150 K, in agreement with the magnetic data (Fig. 3) and with the infrared spectroscopy (Fig. 6). As discussed above, the slight gradual decrease of the χmT product observed for compound 2 has been attributed to the presence of ca. 5.5 % impurity of 1 in the polycrystalline sample of 2 used for the magnetic characterization. However, this analysis is not the only one since the decrease could also be at the origin of a presence of a gradual and incomplete SCO transition in complex 2. In order to remove any doubt about this assumption, we have determined the single crystal structure of 2 at 90 K (see Tables 12 3

) and by the infrared results (see Fig. 6a). In addition, the dispersion in Fe-N bond distances is much reduced at 100 K, while the two distortion parameters (∑ and Θ) drastically decreases. These two effects result from the enhancement of the covalency of the Fe-N bonds in the LS state with the sp hybridized N1, N2, N3 atoms and sp 2 hybridized N4, N5, and N6 atoms for the two anions. The values of the Fe-N distance, and trigonal distortion are in the range of the values reported for similar [Fe(py3CR)(NCS)3] -anions undergoing SCO. [START_REF] Yamasaki | Spin-crossover thermal hysteresis and light-induced effect on iron (II) complexes with tripodal tris (2-pyridyl) methanol[END_REF][START_REF] Yamasaki | Heating-rate dependence of spin-crossover hysteresis observed in an iron (II) complex having tris (2-pyridyl) methanol[END_REF][START_REF] Ishida | An iron(II) complex tripodally chelated with 1,1,1-tris(pyridine-2-yl)ethane showing room-temperature spin-crosssover behaviour[END_REF][START_REF] Kashiro | Iron(II) and 1,1,1-Tris(2pyridyl)nonadecane Complex Showing an Order-Disorder-Type Structural Transition and Spin-Crossover Synchronized over Both Conformers[END_REF][START_REF] Cuza | Spin Cross-Over (SCO) Anionic Fe(II) Complexes Based on the Tripodal Ligand Tris(2-pyridyl)ethoxymethane[END_REF][START_REF] Kashiro | Odd-Even Effect on the Spin-Crossover Temperature in Iron(II) Complex Series Involving an Alkylated or Acyloxylated Tripodal Ligand[END_REF] For polymorph 2, no similar thermal evolution is observed (see Table 2), in agreement with the absence of any SCO for 2.

As expected, this SCO transition of 1, associated to a HS-LS molecular volume contraction, affects the unit cell parameters accordingly (see Table 1). In order to shed light on the effect of the SCO transition on the structural parameters, including the One important question is raised from the different thermo-magnetic behavior of the two polymorphs. Indeed, only compound 1 exhibits a thermal SCO. To our knowledge, compound 2 is the only similar [Fe(py3CR)(NCS)3] -anion which does not undergo SCO. [START_REF] Yamasaki | Spin-crossover thermal hysteresis and light-induced effect on iron (II) complexes with tripodal tris (2-pyridyl) methanol[END_REF][START_REF] Yamasaki | Heating-rate dependence of spin-crossover hysteresis observed in an iron (II) complex having tris (2-pyridyl) methanol[END_REF][START_REF] Ishida | An iron(II) complex tripodally chelated with 1,1,1-tris(pyridine-2-yl)ethane showing room-temperature spin-crosssover behaviour[END_REF][START_REF] Kashiro | Iron(II) and 1,1,1-Tris(2pyridyl)nonadecane Complex Showing an Order-Disorder-Type Structural Transition and Spin-Crossover Synchronized over Both Conformers[END_REF][START_REF] Cuza | Spin Cross-Over (SCO) Anionic Fe(II) Complexes Based on the Tripodal Ligand Tris(2-pyridyl)ethoxymethane[END_REF][START_REF] Kashiro | Odd-Even Effect on the Spin-Crossover Temperature in Iron(II) Complex Series Involving an Alkylated or Acyloxylated Tripodal Ligand[END_REF] It is well accepted that the spin crossover phenomenon results from a subtle energetic balance between electron paring energy, ligand field effects, and intermolecular couplings through hydrogen bonds, - stacking, or weak Van der Waals interactions. As discussed in the previous section, the comparative analysis of the crystal packing of compounds 1 and 2 does not show any direct evidence for a difference in cooperativity. In particular, compound 2 is not involved in specific intermolecular contacts, which could block any potential spin crossover. A close comparison of the molecular structural parameters may be used to interpret this fact.

In our previous investigation of the SCO properties of the [Fe(py3C-OEt)2][Fe(py3C-OEt)(NCE)3]2.2CH3CN compounds (E = S and BH3), we have found that the lower T1/2 SCO thermal transition, and correlatively stabilisation of the HS state, for the thiocyanate compound by comparison with the cyanotrihydroborate one is directly related to a bent geometry of the Fe-NC(S) groups (see Table S1), which in turn promotes a weaker ligand field on the Fe(II) ion. [START_REF] Cuza | Spin Cross-Over (SCO) Anionic Fe(II) Complexes Based on the Tripodal Ligand Tris(2-pyridyl)ethoxymethane[END_REF][START_REF] Mekuimemba | On the Magnetic Coupling and Spin Crossover Behavior in Complexes Containing the Head-to-Tail [Fe II 2(μ-SCN)2] Bridging Unit: A Magnetostructural Experimental and Theoretical Study[END_REF][START_REF] Nebbali | One-Dimensional Thiocyanato-Bridged Fe(II) Spin Crossover Cooperative Polymer With Unusual FeN5S Coordination Sphere[END_REF] The same explanation holds here for compound 2. Although the Fe-N bond distances and Σ and Θ angular distortion parameters do not exhibit an obvious trend, the three Fe-NC(S) angles characterized for the 150 K crystal structure (178.2(7)°, 164.0(6)°, and 153.8(6)°) present specific features. Especially Fe-N3-C3(S3) angle deviates strongly from linearity, and is furthermore the lowest value observed for the complete [Fe(py3CR)(NCS)3] -series of compounds published to date. [START_REF] Yamasaki | Spin-crossover thermal hysteresis and light-induced effect on iron (II) complexes with tripodal tris (2-pyridyl) methanol[END_REF][START_REF] Yamasaki | Heating-rate dependence of spin-crossover hysteresis observed in an iron (II) complex having tris (2-pyridyl) methanol[END_REF][START_REF] Ishida | An iron(II) complex tripodally chelated with 1,1,1-tris(pyridine-2-yl)ethane showing room-temperature spin-crosssover behaviour[END_REF][START_REF] Kashiro | Iron(II) and 1,1,1-Tris(2pyridyl)nonadecane Complex Showing an Order-Disorder-Type Structural Transition and Spin-Crossover Synchronized over Both Conformers[END_REF][START_REF] Cuza | Spin Cross-Over (SCO) Anionic Fe(II) Complexes Based on the Tripodal Ligand Tris(2-pyridyl)ethoxymethane[END_REF][START_REF] Kashiro | Odd-Even Effect on the Spin-Crossover Temperature in Iron(II) Complex Series Involving an Alkylated or Acyloxylated Tripodal Ligand[END_REF] We may therefore conclude that the ligand field at the Fe(II) site in compound 2 is too weak to provoke a thermal spin transition, as shapes and orientations, as previously observed in similar KBr pellets and thin films of [Fe(H2Bpz)2(phen)] and [Fe(H2Bpz)2(bipy)] (H2Bpz = bis(pyrazolyl)borate), bipy = 2,2'-bipyridine, 1,10-phenanthroline). [START_REF] Naggert | First observation of light-induced spin change in vacuum deposited thin films of iron spin crossover complexes[END_REF] Optical microscopy investigations conducted on a large set of randomly oriented single crystals of [{Fe(NCSe)(py)2}2(m-bpypz)] (mbpypz = 3,5-bis(2-pyridyl)-pyrazolate) taken from the same batch revealed that the transition temperature is strongly affected by the size and the shape of the single crystals. [START_REF] Slimani | Velocity of the High-Spin Low-Spin Interface Inside the Thermal Hysteresis Loop of a Spin-Crossover Crystal, via Photothermal Control of the Interface Motion[END_REF] Thus the gradual thermal behavior (see red points in Fig. 11) results

probably from the presence of several small single crystals of different sizes and shapes in the KBr pellet. The significant divergence of the relative absorbance with respect to the magnetic data around 10 K could be attributed to the ZFS effect which contributes to significant decrease of the magnetic signal.

In order to confirm the origin of the gradual evolution of the relative absorbance of the C≡N bands (see Fig. 11) of 1, we have elaborated a uncommon protocol allowing the use of a single crystal sample, consisting of careful painting a tiny layer of nujol oil on a KBr pellet on which single crystals are sprinkled. IR spectra were then recorded from 90 to 220 K upon the thermal spin transition (see Fig. 12). As for the crushed sample, we have correlated the thermal dependence of the relative infrared absorbance of the selected vibrational bands (2069, 2105, 2116 and 2125 cm -1 ) depicted in Fig. 12 with the thermal evolution of the mT product. The resulting behaviors (Fig. 13) show an excellent correlation between the two thermal dependences, supporting the fact that the polycrystalline powder resulting from the crushed single crystals of 1 is at the origin of the gradual behavior depicted in Fig. groups, decreasing the generated ligand field at the Fe(II) site. [START_REF] Mekuimemba | On the Magnetic Coupling and Spin Crossover Behavior in Complexes Containing the Head-to-Tail [Fe II 2(μ-SCN)2] Bridging Unit: A Magnetostructural Experimental and Theoretical Study[END_REF] The more bent geometry originates from specific intermolecular contacts. The difference in SCO behavior between the two polymorphs shows the possibility to tune the properties in this new family of anionic Fe(II) complexes by controlling the crystal packing. Finally, the inconsistency observed, for 1, between the abrupt SCO derived from the magnetic data and the gradual behavior extracted from the infrared spectra, led us to the use of a non-regular experimental protocol to record the infrared spectra. The latter is based on the use of a single crystal sample in place of polycrystalline powder resulting from the crushing of single crystals induced during the preparation of the KBr pellets. This leads to abrupt evolution of the relative absorbance of the C≡N bands of 1 which fits perfectly with the abrupt thermal behavior derived from the magnetic data. In the synthetic point of view, it is important to mention that the two polymorphs are prepared as tetraethylammonium salts which are stable and soluble in organic solvents. This allows the possibility to perform easily several metatheses to introduce functional cations such as SCO cationic complexes, fluorescent cations or electron-donor molecules such tetrathiafulvalene (TTF) derivatives for the design of multifunctional systems, such as fluorescent or conducting switchable materials. [START_REF] Benaicha | Interplay between Spin-Crossover and Luminescence in a Multifunctional Single Crystal Iron (II) complex: Towards a New Generation of Molecular Sensors[END_REF][START_REF] Coronado | Coexistence of ferromagnetism and metallic conductivity in a molecule-based layered compound[END_REF] 

  Cuza, Cle Donacier Mekuimemba, Nathalie Cosquer, Françoise Conan, Sébastien Pillet, Guillaume Chastanet, Smail Triki* ABSTRACT: Two new mononuclear Fe(II) polymorphs, [(C2H5)4N]2[Fe(py3C-OEt)(NCS)3]2 (1) and [(C2H5)4N][Fe(py3C-OEt)(NCS)3]

  Scheme 1. Principal ligands used for the design of Fe(II) SCO anionic complexes: (a) tris-(2-(((2-methylimidazol-4-yl)methylidene)amino)ethyl)amine (H3L Me ); (b) 4-(1,2,4triazol-4-yl)ethanedisulfonate (L 2-); (c) examples of tris-(2-pyridyl)methane (py3C-R) tripodal ligands and their principal coordination mode (d). See also table S1 gathering all the SCO compounds based on the [Fe(py3C-R)(NCE)3] -(E = S, BH3) SCO complexes.

  )4N]2[Fe(py3C-OEt)(NCS)3]2 (1): tris-(pyridin-2-yl)ethoxymethane (23.0 mg, 0.079 mmol) and Fe(II) chloride salt (20.0 mg, 0.16 mmol) were dissolved in 5 mL of methanol, in presence of few mg of ascorbic acid. After 15 minutes of stirring at room temperature, was added acetonitrile solution (5mL) of [(C2H5)4N](NCS) salt (1.6 mmol). The resulting solution was then stirred for 5 minutes, filtered and directly placed at the -32 °C. Orange cubic single crystals of 1 were formed after three days. Anal. Calcd. (%) for C29H37FeN7OS3 (1): C, 53.4; H, 5.7; N; 15.0. Found (%): C, 53.7; H, 5.7; N, 14.8. [(C2H5)4N][Fe(py3C-OEt)(NCS)3] (2): to a methanolic solution of iron (II) chloride tetrahydrate (21.8 mg, 0.11 mmol), and 0.62 mmol of [(C2H5)4N](NCS) was added a methanolic solution containing tris-(pyridin-2yl)ethoxymethane (30.0 mg, 0.10 mmol). The resulting mixture was stirred for 30 minutes at 20 °C to give yellow microcrystalline powder (22 mg, yield: 33.8 %) after fast filtration. The resulting filtrate was placed in a large glass crystallizing dish to promote a faster evaporation, and was filtered only after five minutes of fast evaporation, to obtain single crystals of 2 as small yellow plates. Anal. Calcd. (%) for C29H37FeN7OS3 (2). C, 53.4; H, 5.7; N; 15.0. Found for the single crystals (%): C, 53.8; H, 5.6; N, 14.7; found for the polycrystalline powder (%): C, 53.7; H, 5.6; N, 14.6. As clearly depicted in Fig. S11, the infrared spectra of the single crystals of 1 and 2, and of the polycrystalline powder of 2 are similar.

  which have been slightly modified to increase the chemical yield. Syntheses of the Fe(II) single crystals of 1 and 2 were performed by reacting a methanolic solution of py3C-OEt and iron (II) chloride with acetonitrile solution of [(C2H5)4N](NCS) salt. Slow evaporation at room temperature of the resulting solution gave a mixture of three different single crystals of different shapes, sizes and colors: the first type of crystals (prismatic red single crystals) corresponds to the compound of chemical formula [Fe(py3C-OEt)2][Fe(py3C-OEt)(NCS)3]2•2CH3CN (3), already

1 ,

 1 and one unit Fe1 for 2) involving a metal centre, one py3C-OEt chelating tripodal ligand and three terminal N-SCN terminal co-ligands (Figs 1 and 2). All Fe(II) ions (Fe1A and Fe1B in 1, Fe1 in 2) are hexa-coordinated by six nitrogen atoms belonging to the three nitrogen atoms of the tripodal ligand, and from three (NCS) -co-ligands, in an approximate trigonal C3v symmetry (or equivalently 3m point group). Careful examination of the Fe-N bond lengths and N-Fe-N bonds angles (295 K for 1, 150 K for 2) reveals distorted FeN6 octahedrons in both anionic complexes, caused in part, by the six Fe-N bond distances which are significantly different (

Figure 1 .

 1 Figure 1. Molecular structure of the two anionic [Fe(py3C-OEt)(NCS)3] -complexes in 1 showing the FeN6 distorted octahedrons.

Figure 2 .

 2 Figure 2. Molecular structure of the anionic complex in 2 showing the Fe(II) environment.

overall crystal packing of 1

 1 consists of interpenetrated anions and cations connected through a network of C-H•••S contacts between the sulfur atoms of the NCS - co-ligands and the carbon atoms of the tripodal py3C-OEt ligand (see Figs 3a, S16), as well as C-H•••S contacts with the carbon atoms of the [(C2H5)4N] + cations. The shortest hydrogen bonds (C11B•••S3A 3.597(5) Å and C17B•••S1A (a) 3.522(6) Å) correspond to direct anion•••anion contacts, all other CH•••S contacts ensuring the cohesion of the crystal packing in compounds 1 are significantly greater than the sum of the corresponding van der Waals radii (C•••N 2.85 Å; C•••S 3.50 Å). The connection between adjacent [Fe(py3C-OEt)(NCS)3] -anions in 1, lead to supramolecular tetramolecular units (see details below) which are sensitive to the temperature variation. The shortest Fe1•••Fe1 intermolecular distances are very similar between the two different anions (Fe1A•••Fe1A = 8.4572(19) Å, Fe1B•••Fe1B = 8.887(2) Å, Fe1A•••Fe1B = 9.8263(16) Å). All together, the fact that the contacts between the spin-active anions are direct and that the intermolecular distances are similar between the two symmetrically independent anions both favour the strong cooperativity in 1.

Figure 3 . 1 and 2

 312 Figure 3. Shortest intermolecular contacts in polymorphs 1 (a) and 2 (b): C•••S and C•••N distances in the ranges 3.4-3.7 Å and 3.3-3.5 Å, respectively. By comparison, the crystal packing of 2 can be pictured as alternated layers of anions and cations, stacked along the crystallographic b direction (Fig. 3b, Fig. S16).

Figure 4 .

 4 Figure 4. Thermal evolution of the χmT product for polymophs 1 and 2. The cooling and warming scans overlap almost perfectly.

Figure 5 .

 5 Figure 5. Thermal variation of the χmT product of 1 from 280 to 10 K in the dark (•); under 510 nm light irradiation at 10 K (∆). Green dots (•) correspond to the subsequent thermal relaxations in the dark. Inset: Plot of  m T/T versus temperature, the minimum indicates the T(LIESST) value of 70 K. The temperature sweep rate and the power intensity were 0.4 K.min -1 and 6 mW.cm -2 , respectively.

Figure 6 .

 6 Figure 6. a) Principal infrared bands in the range 2025-2150 cm -1 spectra for compound 1: at 200 K (▬) for high temperature HS state, 10 K (▬) for the LS sate, 10 K under light irradiation for the HS photo-induced HS state (▬) and at 80 K for the relaxed LS sate (▬), see Fig. S18 for the wavenumber for each band; b) Infrared spectra for compound 2 in the 2025-2125 cm -1 region at 90 and 300 K.

Figure 7 .

 7 Figure 7. (a) Temperature dependences (cooling mode), in the dark, of the infrared spectra from 200 to 10 K; (b) infrared spectra at 10 K (▬) in the dark, at 10K (▬) after irradiation ( = 505 nm, 40 Mw, 5 mn) and while raising the temperature from 10 K to 80K in the dark (b), for the crushed single crystals of 1.

  ), which clearly reveals almost similar Fe-N distances and distortion parameters (<d(Fe-N)> = 2.148(4) Å; ∑ = 56.4(2); Θ = 119.5(2)°) than those observed at 150 K for the full HS state (<d(Fe-N)> = 2.139(7) Å; ∑ = 54.6(2)°; Θ = 113.6(2)°). For 1, the crystal structure at 100 K shows a significant contraction of the FeN6 octahedron and lower angular distortion parameters (∑ and Θ) with respect to the room temperature data (<d(Fe-N)>/∑ / Θ for Fe1A and Fe1B centres are respectively: 2.169(6) Å / 53.4(2)° / 107.7(2)° and 2.170(5) Å / 56.7(2)° / 148.7(2)° at 295 K; 1.959(6) Å / 10.6(2)° / 26.0(2)° and 1.955(5) Å / 19.2(2)° / 68.0(2)° at 100 K). The characterized shortening of the Fe-N bond distances is in agreement with the LS state, synonym of the presence of a SCO transition as revealed by the magnetic data (see Fig.

crystal packing in 1 ,

 1 we have studied the thermal evolution of the unit cell parameters in the vicinity of the transition temperature (200-95 K). The resulting behavior, summarized in Fig. 8, shows that the a, b and c parameters, as well as the unit cell volume display significant anisotropic changes at the transition temperature (T1/2 = 132.3 K). Indeed, upon cooling, in the high temperature region (200-140 K), all the parameters (a, b, c and V) show gradual decrease which is attributed essentially to the expected thermal contraction in the HS state, but in the vicinity of the transition temperature, an expansion occurs in the ab plane (simultaneously for the a and b parameters), and paralleled, more strongly, by a contraction of the c parameter.

Figure 8 .

 8 Figure 8. Thermal dependence of the lattice parameters for 1 in the temperature range 95-200 K, showing the anisotropic changes in the vicinity of HS to LS transition. Y(T)/Y(200 K) corresponds to the relative value of each cell parameter (a, b and c).

Figure 9 .

 9 Figure 9. The most significant intermolecular contacts in polymorph 1: C11B•••S3A: 3.597(5) Å at 295 K, 3.475(5) Å at 100 K; C17B•••S1A (a) : 3.522(6) Å at 295 K, 3.482(6) Å at 100 K. Codes of equivalent position: (a) 1-x,1-y,-z.

1 ,

 1 observed previously for the HS dinuclear complex [{Fe(tpc-Obn)(NCS)(μ-NCS)}2] based on similar tripodal ligand, for which the N-bound terminal NCS co-ligand displays a low Fe-N-C angle (156.6(4)°) almost as far from the linearity.Discussions.To further explore these thermal dependences of the properties of polymorph we have plotted the thermal evolution of the maximum absorbance for C≡N vibrational band located at 2069 cm -1 in the temperature range 200-10 K, and for the C≡N vibrational band located at 2105 cm -1 recorded in the dark (after irradiation at 10K), in the temperature range 10-80 K (Fig.10). As expected, this plot shows a clear regime change around 130 K, corresponding to the SCO transition region, and abrupt increase of the relative absorbance at 10 K after light irradiation, that remains constant in the dark before a gradual decrease in the temperature range 50-80 K, recalling the thermal evolution of the metastable HS state in the dark and the relaxation behavior revealed by the magnetic data. This was confirmed by plotting (abs)/T as a function of temperature indicating a minimum value of 70 K, corresponding to the value of the T(LIESST) derived from the magnetic data (see Inset Fig.10). Last but not least, similar behaviors are observed when the thermal evolution of the maximum of the relative absorbance of the four other vibrational bands (2125, 2116, 2105 and 2069 cm -1 ) are examined, as clearly depicted in Fig.S19.

Figure 10 .Figure 11 .

 1011 Figure 10. Temperature dependences of the the relative absorbance of the C≡N(HS) (ABS vs. T) vibration band observed at 2069 cm -1 from 200 to 10 K in the dark (•); temperature dependences of the relative absorbance of the C≡N(LS) (1-ABS vs. T) band observed at 2105 cm -1 under 505 nm (▬), with a power intensity of 40 mW, light irradiation at 10 K, for the crushed single crystals of 1. Green dots (•) are the subsequent thermal relaxation in the dark. Inset: Plot of (abs)/T versus temperature indicating T(LIESST) value of 70 K.

Figure 12 .

 12 Figure 12. Temperature dependences of the infrared spectra (1950-2140 cm -1 ) in the temperature region 220-90K for single crystals sample of compound 1.

. 81- 82 Figure 13 .

 8213 Figure 13. The thermal χmT product (o) and the relative absorbance of the four principal (CN) bands observed for single crystals sample of compound 1. ABS vs. T for the IR band assigned for the HS state (C≡N = 2069 cm -1 ), (1-ABS) vs. T for the IR bands assigned for the LS state (C≡N = 2105, 2116, 2125 cm -1 ).

Table 1 .

 1 X-ray data collection and refinement details for 1 and 2.

	Complex	1		2	
	T / K	295	100	150	90
	formula	2(C29H37FeN7OS3)	C29H37FeN7OS3
	Radiation	MoKα (λ = 0.71073 Å)	CuKα (λ = 1.54184 Å)
	M / g•mol -1	1303.37	651.68
	Cryst. syst / SG	Triclinic / P-1	Orthorhombic / Pca21
	a / Å	10.5283(9)	10.3809(6)	15.7868(9)	15.6999(6)
	b / Å	16.870(2)	16.6105(9)	14.5350(7)	14.4810(3)
	c / Å	20.832(2)	20.183(2)	14.0806(6)	13.9943(4)
	α / °	70.837(7)	70.108(5)	90	90
	β / °	76.159(7)	75.477(5)	90	90
	γ / °	90.385(7)	89.594(4)	90	90
	V / Å 3	3378.8(5)	3156.3(3)	3231.0(3)	3181.6(2)
	Z	2	2	4	4
	calcd / g.cm -3	1.281	1.371	1.340	1.361
	a R1 / b wR2	0.0701 / 0.1491 0.0736 / 0.1632 0.0635 / 0.1896	0.0359 / 0.0905
	c GooF	0.973	0.986	1.013	1.063
	Flack parameter			0.015(9)	0.002(3)

Table 2

 2 

	): for each FeN6

accentuated by the values of bond angles that deviate considerably from the ideal values (cis angles: 78.3 to 99.0°, trans angles: 165.32-174.38°) which lead to high values of the distortion parameters (Σ = 53.4-56.7°, Θ = 107.7-148.7°).

[START_REF] Guionneau | Structural Aspects of Spin Crossover. Example of the [Fe II Ln(NCS)2] Complexes[END_REF] 

Table 2 .

 2 

	Complex		1			2	
	T / K	295		100		150	90
	Color	orange	red		yellow	yellow
	Fe centre	Fe1A	Fe1B	Fe1A	Fe1B	Fe1	Fe1
	Fe1-N1	2.114(6)	2.126(5)	1.940(5)	1.951(5)	2.083(6)	2.089(3)
	Fe1-N2	2.107(6)	2.084(5)	1.952(5)	1.960(5)	2.078(7)	2.091(4)
	Fe1-N3	2.120(6)	2.102(5)	1.981(6)	1.951(5)	2.086(7)	2.101(4)
	Fe1-N4	2.187(5)	2.171(4)	1.939(5)	1.949(5)	2.173(5)	2.180(3)
	Fe1-N5	2.267(5)	2.351(4)	1.991(5)	1.986(5)	2.258(5)	2.262(3)
	Fe1-N6	2.219(5)	2.188(4)	1.954(5)	1.936(5)	2.156(5)	2.166(3)
	<d(Fe-N)>	2.169(6)	2.170(5)	1.959(6)	1.955(5)	2.139(7)	2.148(4)
	∑	53.4(2)	56.7(2)	10.6(2)	19.2(2)	54.6(2)	56.4(2)
	Θ	107.7(2)	148.7(2)	26.0(2)	68.0(2)	113.6(2)	119.5(2)

Fe-N bond distances (Å) and the distortion parameters (∑ and Θ / °) for 1-2.
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A spin crossover (SCO) and a high spin (HS) Fe(II) anionic polymorph complexes have been described. Thermal evolutions of their spin states including the photo-induced effects have been analyzed using structural, magnetic and infrared spectroscopic investigations.