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    Molybdenum(III) Thiocyanate-and Selenocyanate-Based One-Dimensional Heteronuclear Polymers: Coordination Affinity-Controlled Assemblage of Mixed Spin and Mixed Valence Derivatives with Ni(II) and Co(II/III)

INTRODUCTION

The design and rational construction of 1-D coordination polymers has known a revival since it has been shown that such compounds may exhibit slow magnetic relaxation behaviors when favorable conditions are met. [START_REF] Coulon | Single-Molecule Magnets and Related Phenomena[END_REF][2][START_REF] Lescouëzec | Design of single chain magnets through cyanide-bearing six-coordinate complexes Coord[END_REF][START_REF] Sessoli | Record Hard Magnets: Glauber Dynamics Are Key Angew[END_REF] One of the desirable conditions is a large energy separation between the ground spin state and the states of higher energy, which is obtained when strong exchange interactions take place between the magnetic centers. This has led to involve 4d or 5d metal ions as spin carriers for the design of chains [START_REF] Pradhan | Octadecanuclear clusters or 1D polymer with [{ML} 2 Nb(CN) 8 ] n motifs as a function of {ML} (M = Ni, n=6; M = Mn, n = inf[END_REF][6][START_REF] Prins | Long-Range Magnetic Ordering in a Tb III -Mo V Cyanido-Bridged Quasi-One-Dimensional Complex Angew[END_REF][START_REF] Visinescu | First Heterotrimetallic {3d-4d-4f} Single Chain Magnet, Constructed from Anisotropic High-spin Heterometallic Nodes and Paramagnetic Spacers[END_REF][START_REF] Yoo | W) bimetallic chain racemates with slow magnetic relaxations[END_REF][START_REF] Venkatakrishnan | Enhanced Ion Anisotropy by Nonconventional Coordination Geometry: Single-Chain Magnet Behavior for a [{Fe II L} 2 {Nb IV (CN) 8 }] Helical Chain Compound Designed with Heptacoordinate Fe II[END_REF][START_REF] Mikuriya | Molecule-based magnetic materials based on dinuclear ruthenium carboxylate and octacyanotungstate New[END_REF][START_REF] Wang | Molecular magnetic materials based on 4d and 5d transition metals[END_REF][START_REF] Freedman | Strong magnetic exchange coupling in the cyano-bridged coordination clusters [(PY 5 Me 2 ) 4 V 4 M(CN) 6 ] 5+ (M = Cr[END_REF][START_REF] Korzeniak | Magnetostructural Correlations in Cu II -NC-W V Linkage: The Case of [Cu II (diimine)] 2+ -[W V (CN) 8 ] 3-0D Assemblies[END_REF][START_REF] Pedersen | Enhancing the blocking temperature in single-molecule magnets by incorporating 3d-5d exchange interactions[END_REF][START_REF] Harris | Record Ferromagnetic Exchange through Cyanide and Elucidation of the Magnetic Phase Diagram for a Cu II Re IV (CN) 2 Chain Compound[END_REF][START_REF] Martinez-Lillo | Enhancing the Magnetic Coupling of Oxalato-Bridged Re IV 2 M II (M = Mn, Co, Ni, and Cu) Trinuclear Complexes via Peripheral Halide Ligand Effects[END_REF][START_REF] Martinez-Lillo | Heterotrimetallic Oxalato-Bridged Re IV 2 M II Complexes (M = Mn, Co, Ni, Cu): Synthesis, Crystal Structure, and Magnetic Properties[END_REF][START_REF] Reczyński | Dehydration-Triggered Charge Transfer and High Proton Conductivity in (H 3 O)[Ni III (cyclam)][M II (CN) 6 ] (M = Ru, Os) Cyanide-Bridged Chains Inorg[END_REF][START_REF] Ru | structures and magnetic properties of heterobimetallic Ru III -3d (3d = Mn, Ni) compounds based on the chiral Ru III building block New[END_REF][START_REF] Wei | A One-Dimensional Magnet Based on [Mo III (CN) 7 ] 4[END_REF][START_REF] Magott | Two Cyanide-Bridged Mn II -Nb IV Coordination Chain Ferrimagnets Promoted by Interchain Ferromagnetic Interactions[END_REF][START_REF] Wei | Single-Chain Magnets Based on Octacyanotungstate with the Highest Energy Barriers for Cyanide Compounds[END_REF][START_REF] Zhang | Enforcing Ising-like magnetic anisotropy via trigonal distortion in the design of a W(V)-Co(II) cyanide single-chain magnet[END_REF] because of their spatially more extended valence orbitals (which encompass the magnetic orbitals) that contribute to stronger magnetic interaction between the magnetic centers. [START_REF] Visinescu | Evidence for increased exchange interactions with 5d compared to 4d metal ions. experimental and theoretical insights into the ferromagnetic interactions of a series of trinuclear [{M(CN) 8 } 3-/Ni II ] compounds (M = Mo V or W V )[END_REF] These ions can also contribute to the magnetic anisotropy for favorable electronic configurations and geometry. [START_REF] Bar | Magnetic anisotropy in two-to eight-coordinated transition-metal complexes: Recent developments in molecular magnetism Coord[END_REF][START_REF] Martínez-Lillo | Towards multifunctional magnetic systems through molecular-programmed self assembly of Re(IV) metalloligands Coord[END_REF] The bridging ligand plays a prominent role in the sign and strength of the magnetic interactions between the metal centers. More generally, the ligands may dictate the geometrical and thereby the magnetic features of the metal center (ex. spin state, anisotropy), and contribute to its chemical characteristics such as the assembling preferences for a metalloligand. The majority of the reported heterometallic chain systems that involve 4d or 5d metal ions uses the cyanide ligand as bridge between the spin carriers. This ligand efficiently mediates the exchange interactions, moreover many cyanide complexes of 4d and 5d metal ions that can be used as metallo-ligands (building blocks) are known. Comparatively, a very limited number of heteronuclear compounds with other bridging ligands have been reported. [START_REF] Martinez-Lillo | Enhancing the Magnetic Coupling of Oxalato-Bridged Re IV 2 M II (M = Mn, Co, Ni, and Cu) Trinuclear Complexes via Peripheral Halide Ligand Effects[END_REF][START_REF] Martinez-Lillo | Heterotrimetallic Oxalato-Bridged Re IV 2 M II Complexes (M = Mn, Co, Ni, Cu): Synthesis, Crystal Structure, and Magnetic Properties[END_REF][START_REF] Martínez-Lillo | Towards multifunctional magnetic systems through molecular-programmed self assembly of Re(IV) metalloligands Coord[END_REF][START_REF] Larionova | Magnetic properties of the twodimensional bimetallic compounds (NBu 4 )[M II Ru III (ox) 3 ] (NBu 4 = tetra-n-butylammonium; M = Mn, Fe, Cu; ox = oxalate)[END_REF][START_REF] Chiozzone | Synthesis, crystal structure, and magnetic properties of tetraphenylarsonium tetrachloro(oxalato)rhenate(IV) and bis(2,2'-bipyridine)tetrachloro(moxalato)copper(II)rhenium(IV)[END_REF][START_REF] Chiozzone | Heterobimetallic oxalato-bridged Cu(II)Re(IV) complexes. Synthesis, crystal structure and magnetic properties[END_REF][START_REF] Coronado | Layered Molecule-Based Magnets Formed by Decamethylmetallocenium Cations and Two-Dimensional Bimetallic Complexes [M II Ru III (ox) 3 ] 2 (M II 5 Mn, Fe, Co, Cu and Zn; ox=oxalate)[END_REF][START_REF] Chiozzone | Heterobimetallic oxalato-bridged M(II)Re(IV) complexes (M=Mn, Fe, Co, Ni): synthesis, crystal structure, and magnetic properties[END_REF][START_REF] Martinez-Lillo | A heterotetranuclear [NiReIV3] single-molecule magnet[END_REF][START_REF] Pedersen | ReF 6 ] 2-: A Robust Module for the Design of Molecule-Based Magnetic Materials Angew[END_REF] Among the possible ligands, thiocyanate (NCS -) is scarcely used in molecular magnetism even if recent examples illustrate its potential for the formation of original coordination polymers. [START_REF] Boeckmann | Metamagnetism and Single-Chain Magnetic Behavior in a Homospin One-Dimensional Iron(II) Coordination Polymer[END_REF][START_REF] Neumann | Thermodynamic Relations, and Magnetism of Stable and Metastable Ni(NCS) 2 Coordination Polymers[END_REF][START_REF] Suckert | Thermal Transformation of a Zero-Dimensional Thiocyanate Precursor into a Ferromagnetic Three-Dimensional Coordination Network via a Layered Intermediate[END_REF][START_REF] Wellm | Tuning of the Critical Temperature in Magnetic 2D Coordination Polymers by Mixed Crystal Formation[END_REF][START_REF] Nebbali | One-Dimensional Thiocyanato-Bridged Fe(II) Spin Crossover Cooperative Polymer With Unusual FeN5S Coordination Sphere[END_REF][START_REF] Mousavi | First Magnets Based on Thiocyanato-Bridges[END_REF] This situation is likely resulting from the weak exchange interactions the NCS mediates between 3d ions and the coordination limitations of the Satom. One exception is in association with Cr III where stronger Cr-NCS-M exchange interactions have been found. [START_REF] Skorupa | Heteronuclear thiocyanate-bridged compounds of the type (NiL) 3 [M(NCS) 6 ] 2 (M=Fe(III), Cr(III); L=5[END_REF][42][START_REF] Cucos | Anion Derivatives and Homobinuclear Complexes as Tectons in Designing Heteropolymetallic Systems[END_REF] The efficiency of this bridge when combined to paramagnetic 4d or 5d ions has remained scarcely explored. [START_REF] Gonzalez | New Family of Thiocyanate-Bridged Re(IV)-SCN-M(II) (M = Ni, Co, Fe, and Mn) Heterobimetallic Compounds: Synthesis, Crystal Structure, and Magnetic Properties[END_REF] However, it was shown that associated with the 4d ion Mo III , the capability of the thiocyanate ligand to mediate an exchange interaction is greatly increased due to a large spin density delocalization from the metal to the ligand. Antiferromagnetic interactions in the order of -50 cm -1 take place with

Ni II linked to the S-atom. [START_REF] Mousavi | First Magnets Based on Thiocyanato-Bridges[END_REF][START_REF] Mousavi | Substantial exchange coupling for {Mo-NCS-M} combination: illustration for 1-D [{Mo(NCS) 6 }{NiL} 2 (NCS)[END_REF] Such a Mo III -NCS combination appears therefore very promising for molecular systems in which exchange interactions play an important role.

Herein we illustrate this possibility with a series of ferrimagnetic chains involving [Mo(NCS) 6 ] 3-and either Ni II or Co II complexes.

Six original heterometallic chain compounds are reported. In all cases strong antiferromagnetic Mo-Ni and Mo-Co interactions were found to dominate the magnetic behaviors. The versatility of the approach is illustrated by hetero-trimetallic and mixed valence compounds, respectively anionic Mo-Ni II and Mo-Co II chains associated with cationic Co III complexes achieved by taking advantage of the coordination preference of sulfur for soft metal centers. A very original case of chain with Co II centers in different spin-states is also described. Moreover, we examined the effect of replacing thiocyanate with selenocyanate on the exchange interaction in a Mo III -Ni II system.

RESULTS AND DISCUSSION

The chain compounds reported herein are based on [Mo(NCS) 6 ] 3-associated to Ni II or Co II complexes. A first series consists of anionic coordination polymers which charge is compensated either by a paramagnetic Ni II complex or by a diamagnetic Co III complex. These Synthesis. The 1-D coordination polymers 1-6 have been obtained as crystalline solids by inter-diffusion of the corresponding reagents' solutions. For the anionic chains 1 and 2, the presence of a non-coordinated Ni 2+ complex acting as cation suggested a possible pathway for magnetic interactions between the chains mediated by this paramagnetic component.

Therefore its replacement with a diamagnetic cation has been envisaged. , 3 (M = Ni II ) and 4 (M = Co II ), respectively. The formation of the heterotrimetallic compound 3 and the mixed valence system 4 in which only the M II centers are involved in the coordination polymer whereas the counter-cation is the diamagnetic Co III complex, is supported by the diffraction studies and confirmed by their magnetic behaviors (vide infra). This selectivity in the self-sorting process stems from the coordination preference of the S atom for soft 3d centers, that is the metal ion with low oxidation state. [START_REF] Pearson | Hard and Soft Acids and Bases[END_REF] The two neutral chains 5 and 6 have been obtained from the reaction of [Mo(NCQ

) 6 ] 3-(Q = S, Se) with the 3d complex [CoL N4 (H 2 O) 2 ] 2+ or [NiL N4 (H 2 O) 2 ]
2+ respectively, in the presence of NCS -. A preparation for the [Mo(NCSe) 6 ] 3-was reported earlier but with very poor yields. [START_REF] Schmidtke | Preparation and characterization of some thiocyanate and selenocyane complexes of transition metals[END_REF] We now propose a very efficient synthesis (yield > 70 %) of (NEt 4 ) 3 [Mo(NCSe The structures for 2, 3, and 4, are built up of very similar chains. Selected bond lengths and angles can be found in Figure S4.

The structure for (PPh 4 ) 3 [Mo(NCSe) 6 ]•CH 3 CN is very similar to that of (PPh 4 ) 3 [Mo(NCS) 6 ]•2CH 3 CN. [START_REF] Mousavi | Substantial exchange coupling for {Mo-NCS-M} combination: illustration for 1-D [{Mo(NCS) 6 }{NiL} 2 (NCS)[END_REF] The asymmetric unit contains a single molecular unit (Figures 3 andS8). The Mo-N bond lengths are comparable to those for the thiocyanate analogue and the Mo-NCSe linkages are slightly bent with a mean angle of 173.6°. As expected, changing S for Se leads to an increase of the bond length with C as a result of an enlargement of the ionic radius (1.84 Å for S 2-and 1.98 Å for Se 2-). 48 In the crystal lattice, the (Figure 4). One CH 3 CN molecule per formula unit is found in the crystal lattice. This structure organization is very similar to that known with the related [Mo(NCS) 6 ] derivative. [START_REF] Mousavi | Substantial exchange coupling for {Mo-NCS-M} combination: illustration for 1-D [{Mo(NCS) 6 }{NiL} 2 (NCS)[END_REF] The presence of free NCS -anion in the reaction mixture could have been suspected to lead to ligand exchange with the hexaselenocyanate complex. However, no sign for ligand scrambling (NCS/NCSe) was detected during the structure refinement. This is also supported by the S-Ni bond length (2.552(1) Å) that is very similar to those found for compounds 1-5

whereas the Ni-Se bonds are significantly longer (mean, 2.720 Å). The crystal structure for 5 was investigated at 100 and at 273 K and resulted in very similar shape and bond distances for the Co coordination spheres (see Figure S7). are depicted in Figure 5. Positive density (in grey) localized in the π orbitals is found on the carbon and selenium atoms of the ligands whereas negative spin density (in blue) is observed on the N atoms as a result of spin polarization. The spin populations have been analyzed using the NBO method and are compared to that reported [START_REF] Mousavi | Substantial exchange coupling for {Mo-NCS-M} combination: illustration for 1-D [{Mo(NCS) 6 }{NiL} 2 (NCS)[END_REF] for [Mo(NCS) 6 ] 3-in Table 1 (for details see Table S1). It can be noticed that replacement of S by Se located just below in the column of the periodic table, has no significant effect on the spin density found on the terminal atom in NCQ. This is expected because both NCS and NCSe connect to Mo by the nitrogen atom, therefore the spin transfer proceeding via their orbital overlap should be very similar. 

Magnetic properties.

For the discrete complex S11) behavior is in agreement with an isolated S = 3/2 spin state, with values of χ M T close to 1.75 cm 3 mol - 1 K between 300 and 50 K, followed by a decrease reaching 0.97 cm 3 mol -1 K for 2 K. The Mo III is expected to exhibit some Zero Field Splitting (ZFS) that may contribute to the behavior below 50 K. The magnetization recorded at 2 K reaches 2.5 µ B for 7 T (Figure S11).

[PPh 4 ] 3 [Mo(NCSe) 6 ]•CH 3 CN the χ M T = f(T) (Figure
The magnetic behavior has been analyzed considering axial ZFS parameter D to account for the anisotropy and possible intermolecular interactions using the mean-field approximation (zJ'). The variations of χ M T = f(T) and M = f(H) have been analyzed simultaneously using PHI software, 49 and best fit was obtained for g = 1.93, D = 3.7 ± 0.1 cm -1 and zJ' = -0.117 ± 0.03 cm -1 . These values are very similar to that reported for the Mo III -thiocyanate analogue. [START_REF] Mousavi | Substantial exchange coupling for {Mo-NCS-M} combination: illustration for 1-D [{Mo(NCS) 6 }{NiL} 2 (NCS)[END_REF] For compounds 1-6 the temperature dependences of the magnetic susceptibilities are plotted as χ M T = f(T) in Figures 6 and7, and M = f(H) plots are given in Supporting Information.

These behaviors underline rather strong antiferromagnetic interactions within the chains. The overall behavior observed for 1-4 (Figure 6) is characteristic for ferrimagnetic chains. The value of χ M T at 300 K (χ M T 300K ) is below the Curie contributions of the paramagnetic components and steadily decreases as T is lowered, passes a minimum (χ M T min ) before increasing again to reach a maximum (χ M T max ) and eventually drops rapidly as T approaches 2 K. The characteristic data for each compound are gathered in Table X. χ M T 300K , χ M T min , χ M T max and χ M T 2K refer to the values found respectively , at 300 K, for the first minimum at T min , the maximum for T max , and the value obtained at 2 K, when reading Figure 6. χ M T plat corresponds to the plateau observed and T plat . the temperature at which it is reached, when long-range interactions are not operative.

T plat b - - - - 50 20 
χ M T plat a - - - - 0.4 0.5 T max b - 15 7 17 - - χ M T max a - 0.
( a ) in cm 3 mol -1 K; ( b ) in K; ( c ) in cm -1 .

For compound 1, the value for χ M T 300K is much below the value of 3.37 cm 3 mol -1 K anticipated for one S = 3/2 and 1.5×S = 1 (with g = 2.0) in the absence of exchange interactions. This value steadily decreases down to 2 K but the slope shows an inflexion at ca. 40 K suggesting that the low T behavior is due to a contribution different from that governing the higher temperature behavior. It can be noticed that the value for χ M T at the inflexion is in the order of that expected for an S = ½ resulting from an antiferromagnetic Mo -Ni interaction plus the contribution of half an isolated Ni ion. The absence of the upturn and divergence of χ M T anticipated for a ferrimagnetic chain can be attributed to antiferromagnetic interactions between the chains. This χ M T = f(T) behavior has been modeled by an expression for an Heisenberg chain of classical spins proposed by Drillon et al. [START_REF] Drillon | Classical treatment of a Heisenberg linear chain wiyh spin alternation; application to the MnNi(EDTA)-6H 2 O complex[END_REF][START_REF] Kahn | Molecular Magnetism[END_REF] for a ferrimagnetic system. It is derived from Hamiltonian given in Eq. 1 and remains valid for chains involving single-ion anisotropy. [START_REF] Pedersen | ReF 6 ] 2-: A Robust Module for the Design of Molecule-Based Magnetic Materials Angew[END_REF] To account for the contribution of the paramagnetic cations present in 1, the contribution of half of the S = 1 spin was added. Inter-chain/molecular interactions have been considered in the mean field approximation, which may also account for possible ZFS contributions. Analysis of the experimental behavior between 300 and 20 K yielded J MoNi = -40.4 ± 0.2 cm -1 ; zJ' = -1.2± 0.2 cm -1 , g Mo = 1.9 (fixed), g Ni = 2.318 ± 0.003. The strength of the antiferromagnetic Mo-Ni interaction is in the order of reported values, [START_REF] Mousavi | Substantial exchange coupling for {Mo-NCS-M} combination: illustration for 1-D [{Mo(NCS) 6 }{NiL} 2 (NCS)[END_REF] and the zJ' parameter confirms the occurrence of inter-molecular exchange interactions.

Eq. 1 = µ ∑ -∑

The χ M T versus T behavior for 2 is very similar to that of 1 except that the rounded minimum expected for a ferrimagnetic chain is clearly found at ca 32 K. This behavior has been reproduced between 15 K and 300 K by the model discussed above with best fit parameters between 300 and 2 K is given in Figure S18) This change of the spin state is rationalized by the weaker ligand-field resulting from the S-coordinated thiocyanate in the apical positions.

J MoNi = -60.1 ± 0.2 cm -1 , g Mo = 1.9 (fixed), g Ni = 2.3 (fixed), zJ' = -1.7 ± 0.2 cm -1 .
As a result the magnitude of the energy gap between the metal orbitals relative to the mean spin pairing energy is reduced; a situation prone to favor a high spin configuration. This was confirmed for compound 5 discussed below. Albeit this chain is composed only by S = 3/2 spin centers the overall χ M T = f(T) behavior is characteristic of a ferrimagnetic system because of the large orbital contribution associated to the Co II units. The lack of an easy to handle theoretical expression for the susceptibility of a chain system involving centers with spin-orbit coupling did prevent from a quantitative analysis of the exchange in 4. However, the position of the minima in χ M T and the value obtained at 300 K evidence strong antiferromagnetic interaction between the Mo III and Co HS II .

The field dependence of the magnetization recorded at 2 K (Supporting Information) approaches saturation with 1.68 µ B for 5 T. This value is in good accordance with the value given by g Co ×S Cog Mo ×S Mo , i.e. 1.5µ B , based on the g-factor in the order of 3 [START_REF] Kahn | Molecular Magnetism[END_REF]53 for HS Co II .

At 2 K a meta-magnetic like behavior is observed while such an S-shaped curve is no longer found at 10 K. This observation can be correlated with the maximum in χ M at 10 K (Figure S15) and reveals sizable inter-chain interactions. AC susceptibility data support possible AF ordering with T N = 9 K (Figure S15).

From a magnetic view point, [{Mo(NCS) 6 }{CoL N4 } 2 (NCS)]•CH 3 CN, 5, consist of exchange coupled [Co-Mo-Co] units with possible weaker inter-units interaction. [START_REF] Palion-Gazda | Ferromagnetic Coupling Through the End-to-End Thiocyanate Bridge in Cobalt(II) and Nickel(II) Chains Cryst[END_REF] The experimental behavior (Figure 7) is in agreement with this picture. The value of χ M T at 300 K, and the value reached for the plateau could agree with one Mo (S = 3/2) and either two Co LS II (S = ½)

or one Co HS II (S = 3/2) as found in 4 and one Co LS II (S = ½); with expected values of 2.65 and 6.46 cm 3 mol -1 K in the absence of exchange interactions. However, the experimental behavior could be modeled only when considering a [1/2-3/2-3/2] spin system (Figure 7) whereas fitting did not converge at all when both Co where considered either S = ½ or 3/2. Based on the behavior found in 4, the high spin configuration is attributed to the Co II with two sulfuratoms in the apical positions and the low-spin to Co II with one S-and one N-atom in the apical positions. The possibility for a high-spin to low-spin crossover process in the temperature domain 300-50 K can be excluded based on the crystal structure data obtained at 273 and 110 K (Figure S7). Due to the absence of any feature in the variation of χ M T between 300 and 20 K, modeling with two exchange parameters did not converge to reasonable results because of the strong correlation between these parameters. Therefore a single exchange parameter J MoCo was considered even if it is unlikely that exchange with HS and LS Co II are same. The possible contributions of the interactions between the [MoCo 2 ] units [START_REF] Palion-Gazda | Ferromagnetic Coupling Through the End-to-End Thiocyanate Bridge in Cobalt(II) and Nickel(II) Chains Cryst[END_REF] and/or ZFS effect of the HS Co II center have been considered within the mean-field approximation (zj').

Best fit yielded J MoCo = -92.0 +/-0.2 cm -1 , zj' = -2.40 +/-0.06 cm -1 , = 2.219 +/-0.003, = 2.0 (fixed), = 2.0 (fixed) (based on exchange Hamiltonian H = -J(S 1 S 2 + S 2 S 3 ).

Here again, a rather strong exchange interaction is evidenced, in agreement with the behaviors discussed above.

[{Mo(NCSe) 6 }{NiL N4 } 2 (NCS)]•CH 3 CN, 6, shows an overall behavior similar to that of 5.

The exchange interactions mainly concerns the trimetallic [Ni-Mo-Ni] unit because interactions between these units through the [Ni-NCS-Ni] linkages are anticipated to be weak, if any. [START_REF] Monfort | Crystal structure and magnetic properties of the first 1D nickel(II) complex with bridging thiocyanato ligands in cis position: {catena-(μN,S-NCS)[Ni(en) 2 ]}(PF 6 )[END_REF] The plateau reached below 20 K is consistent with a S = ½ spin state resulting from antiferromagnetic Mo-Ni interactions. Best fit of the experimental data yields J MoNi = -47.16 ± 0.06 cm -1 , g Ni = 2.247 ± 0.001 g Mo = 2.0 (fixed), zJ' = -0.54 ± 0.01 cm -1 .

The possibility for slow relaxation of the magnetization for 2, 4, and 5 has been probed by AC magnetic susceptibility measurements with and without an applied DC field. No signal was found for the out of phase component, χ M ", of the susceptibility. The exchange interactions found for the Mo-Ni derivatives 1-3 are in the order of that reported earlier (-51 cm -1 ) [START_REF] Mousavi | Substantial exchange coupling for {Mo-NCS-M} combination: illustration for 1-D [{Mo(NCS) 6 }{NiL} 2 (NCS)[END_REF] but they show a rather large variation with a strength spanning from -40 cm -1 to -60 cm -1 . This variation seems to parallel the changes in the NCS-Ni angles in these compounds. The smallest angle with 98.3° (mean value) is found in 1 for which J MoNi = -40 cm -1 , and largest angle is in 2 with 110° (mean value) that also exhibits strongest exchange interaction of the series with J MoNi = -60 cm -1 . This relationship is supported by the very similar exchange coupling found in 3 and a reported derivative [START_REF] Mousavi | Substantial exchange coupling for {Mo-NCS-M} combination: illustration for 1-D [{Mo(NCS) 6 }{NiL} 2 (NCS)[END_REF] (respectively, -58 and -51 cm -1 ) that both exhibit same NCS-Ni angle of 105.9° (mean value). This trend also applies when the selenocyanate-bridged compound 6 is considered with J MoNi = -47 cm -1 for a mean Ni-SeCN angle of 102.4°.

The selenocyanate derivative was considered for evaluating the extent to which the larger Se atom could lead to a more efficient magnetic communication with the Ni ion as a result of better overlap of the valence orbitals of Se with those of Ni II . This approach simply follows 

T (K) (6) (5) 
what is now well established for the metal ions when changing a 3d for a 4d or a 5d ion. [START_REF] Visinescu | Evidence for increased exchange interactions with 5d compared to 4d metal ions. experimental and theoretical insights into the ferromagnetic interactions of a series of trinuclear [{M(CN) 8 } 3-/Ni II ] compounds (M = Mo V or W V )[END_REF] This idea is not novel and some reports suggest indeed an enhanced exchange with the Se, [START_REF] Boeckmann | Metamagnetism and Single-Chain Magnetic Behavior in a Homospin One-Dimensional Iron(II) Coordination Polymer[END_REF][START_REF] Boeckmann | A rational route to SCM materials based on a 1-D cobalt selenocyanato coordination polymer[END_REF][START_REF] Neumann | Tuning of the exchange interaction and the Curie temperature by mixed crystal formation of the bridging anionic ligands[END_REF][START_REF] Rojo | Spectroscopic and magnetic properties of two ferromagnetically coupled nickel(II) dimers [{Ni(terpy)(NCX) 2 } 2 ](terpy = 2,2′ :6′,2″-terpyridine, X = S or Se). Crystal structure of the thiocyanate[END_REF] while others suggest opposite, [START_REF] Duggan | Magnetic exchange interactions in transition metal dimers. III. Nickel(II) di-µ-cyanato, di-µ-thiocyanato, and di-µ-selenocyanato complexes and related outer-sphere copper(II) complexes[END_REF] but effect is usually small. If a sizeable variation of the exchange interaction is induced by moving from S to Se, it should be clearly revealed for Mo-NCSe-Ni system due to the high spin density located on Se. This is not evidenced here.

The strength of the Mo-NCSe-Ni interaction in 6, -47 cm -1 , is very similar to the Mo-NCS-Ni interaction (-51 cm -1 ) in the isomorphous derivative. [START_REF] Mousavi | Substantial exchange coupling for {Mo-NCS-M} combination: illustration for 1-D [{Mo(NCS) 6 }{NiL} 2 (NCS)[END_REF] The magnetic behavior of 6 therefore suggests that no substantial increase of the exchange interaction may be expected from the use of Se instead of S. This poor modification in the strength of the interaction likely results from the concomitant increase of the Ni-Se bond length with respect to the Ni-S bond length (i.e.

2.719 Å versus 2.576 Å respectively in 6 and 5). The fact J MoNi in 6 is smaller than in 5 is likely related to the slightly more acute NCQ-Ni bridging angle for the former following the trend discussed above. [Co III L N4 (Br) 2 ](ClO 4 ), [START_REF] Poon | Structural and mechanistic studies of co-ordination compounds. Part 17. Preparation and acid hydrolysis of some cobalt(III) complexes containing the quadridentate macrocycle 2[END_REF] [NiL N4 (H 2 O) 2 ](ClO 4 ) 2 [START_REF] Karn | [END_REF] were prepared as described in the literature.

CONCLUDING REMARKS This series of chain compounds highlights the potential and versatility of [MoNCQ

Elemental C, H and N analyses were performed on a Perkin-Elmer 2400 II analyzer on freshly prepared and isolated samples. IR spectra were recorded in the 4000-600 cm -1 region with a Perkin-Elmer Spectrum 100 FTIR using the ATR mode. 

Synthesis : [{Mo(NCS) 6 }{Ni(en) 2 }]•0.5[Ni(en) 3 ]•0.5H 2 O (1).

(NEt 4 ) 3 [Mo(NCSe) 6 ]•0.5CH 3 CN The synthesis of (NEt 4 ) 3 [Mo(NCSe) 6 ] has been adapted from a reported procedure. [START_REF] Sabatini | Infrared Spectra between 100 and 2500 cm -1 of Some Complex Metal Cyanates, Thiocyanates, and Selenocyanates[END_REF] (NH 4 ) 3 MoCl 6 (500 mg; 1.37 mmol) was dissolved in 5 mL of H 2 O and dropwise added to an aqueous solution of KNCSe (1.58 g; 0.011 mol). The resulting solution was stirred for 1h at room temperature. A small amount of a brown precipitate appeared so the suspension was filtered off and the filtrate was evaporated to dryness. The residue was dissolved in 20 mL of dried MeOH, a pale yellow solution was obtained. NEt 4 Br

(1.5 g; 7.1 mmol) was added to this solution, immediately a yellow precipitate appeared. After 10 min, the suspension was filtered and the solid washed with 10 mL of MeOH followed be 

.

Computational Methodology: Calculations were performed on the [Mo(NCSe) 6 ] 3-unit found in (PPh 4 ) 3 [Mo(NCSe) 6 ]•CH 3 CN with the atoms' coordinates obtained from the single crystal X-Ray diffraction data. The DFT calculations were performed with the Gaussian03 package, [START_REF]SI; Gaussian[END_REF] using the unrestricted hybrid B3LYP functional. [START_REF] Lee | Development of the Colle-Salvetti correlation-energy formula into a functional of the electron density[END_REF][START_REF] Becke | Density-functional thermochemistry. III. The role of exact exchange[END_REF] The D95 Dunning-Huzinaga valence double-ζ basis set [START_REF] Dunning | Modern Theoritical Chemistry[END_REF] has been used for C and N atoms whereas the LANL2DZ small-core Hay-Wadt pseudopotential [START_REF] Hay | Ab initio effective core potentials for molecular calculations. Potentials for the transition metal atoms Sc to Hg[END_REF][START_REF] Hay | Ab initio effective core potentials for molecular calculations. Potentials for K to Au including the outermost core orbitals[END_REF][START_REF] Wadt | Ab initio effective core potentials for molecular calculations. Potentials for main group elements Na to Bi[END_REF] has been used for Se and Mo atoms (LAND2DZ keyword in Gaussian). The reported spin densities have been obtained through the Mulliken approach.

Crystal structures determination: Crystallographic data for 1-6 are given in Table 3. ORTEP are provided as Supporting Information. Intensity data were collected at low temperature on an Oxford Diffraction Gemini/Xcalibur or a Bruker Apex2 using a graphite-monochromated Mo K α (0.71073 Å) radiation source and equipped with an Oxford Cryosystems Cryostream Cooler Device. Structures were solved using SIR92, 72 SHELXS [START_REF] Sheldrick | Crystal structure refinement with SHELXL[END_REF] or SUPERFLIP, 74 and refined by full-matrix least-squares procedures on F using the programs of CRYSTALS. 75 Atomic scattering factors were taken from the International Tables for X-ray Crystallography. When it was possible, all non-hydrogen atoms were refined anisotropically.

Hydrogen atoms were refined using a riding model. For 3 and 4, it was not possible to resolve diffuse electron-density residuals (enclosed solvent molecules). The contribution of the disordered solvent was removed using the SQUEEZE option from PLATON. [START_REF] Spek | SQUEEZE: a tool for the calculation of the disordered solvent contribution to the calculated structure factors[END_REF] For 2, the quality of the collected data was reasonably good however the resulting structure presents a general statistic disorder with high R factors. Measurements on different crystals were performed and despite low temperature (100 K) analyses, the structures always exhibited this general disorder which was rather difficult to treat. The ligand parts of the different moieties have been refined isotropically. Thus no bond distances or angles for this compound can be discussed.

The powder X-ray diffraction pattern was collected for compounds 2-5 on a XPert Pro (Theta-Theta mode) Panalytical diffractometer with Lamda (Cu K α1 , K α2 ) ) 1.54059, 1.54439 Å. They are given in Figure S19.

Magnetic studies. Magnetic measurements were carried out with a Quantum design MPMS 5S SQUID magnetometer. Magnetization data between 2 and 300 K have been obtained in an applied field of 1000 Oe. Isothermal magnetization measurements were performed up to 5 T at 2 K. The ac susceptibility responses were recorded using an oscillating field of 3 Oe and a frequency of 1000 Hz in zero-field and with an applied DC field of 1 kOe. The measurements were performed on crushed crystals from freshly isolated samples mixed to grease and held in gelatin capsules. The molar magnetic susceptibilities were corrected for sample holder and for the diamagnetic contribution of all the atoms by using Pascal's tables.

crystallographic data for this paper. These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. (3) (4) Selected bond distances (Å) and angles (°): 

T = 100K T = 273K Co1 

  compounds are [{Mo(NCS) 6 }{Ni(en) 2 }]•0.5[Ni(en) 3 ]0.5 H 2 O (1), (en stands for 1,2diaminoethane), [{Mo(NCS) 6 }{NiL N4 }]•0.5[NiL N4 (MeCN) 2 ]0.5CH 3 CNH 2 O (2), (L N4 is for the macrocyclic ligand 2,12-dimethyl-3,7,11,1-tetraazabicyclo [11.3.1]-heptadeca-NCS) 6 }{NiL N4 }][Co III L N4 Br 2 ] (3), and [{Mo(NCS) 6 }{Co II L N4 }][Co III L N4 Br 2 ] (4). Compounds 3 and 4 highlight the coordination preference of the S atom for the softer 3d metal ions Ni II or Co II rather than for Co III . A second series comprises neutral chains [{Mo(NCS) 6 }{Co II L N4 } 2 (NCS)]•CH 3 CN (5) and [{Mo(NCSe) 6 }{NiL N4 } 2 (NCS)]•CH 3 CN (6), in which trinuclear [MoM 2 ] units are bridged by an additional NCS ligand linking the 3d ions. For the synthesis of 6, a selenocyanate derivative, (PPh 4 ) 3 [Mo(NCSe) 6 ], was involved. The crystal structures for all compounds have been characterized and their magnetic behaviors investigated. The spin distribution for [Mo(NCSe) 6 ] 3-has been assessed by DFT calculations.

  ) 6 ] and (PPh 4 ) 3 [Mo(NCSe) 6 ]. Crystal structures. The molecular crystal structures for compounds 1-6 as well as for (PPh 4 ) 3 [Mo(NCSe) 6 ] have been ascertained by X-ray diffraction experiments on single crystals. ORTEP plots of the asymmetric units with selected bond lengths and angles can be found in the Supporting Information data. [{Mo(NCS) 6 }{Ni(en) 2 }]•0.5[Ni(en) 3 ]0.5H 2 O, 1 (Figure 1), consists in an anionic 1-D coordination polymer made up by [Mo(NCS) 6 ] 3-and [Ni(en) 2 ] 2+ units with [Ni(en) 3 ] 2+ complexes acting as counter ions, and H 2 O molecules located in the lattice. Each [Mo(NCS) 6 ] 3-is connected to two [Ni(en) 2 ] 2+ units by two of its NCS -ligands in cis positions and each Ni is linked to two [Mo(NCS) 6 ] 3-units, hence developing into a chain structure along c direction. The Ni center has an octahedral coordination sphere with two ethylene diamine ligands and two S atoms from the thiocyanate ligands. The latter belong to two different [Mo(NCS) 6 ] 3-units and are found in coordination sites cis to each other. The Ni units are chiral but the two enantiomers alternate in the chain. The NCS-Ni linkage is strongly bent with an angle close to 90° as usually found for the coordination of a sulfur atom, which leads to a zig-zag propagation for the chain. The charge of the coordination polymer is compensated by [Ni(en) 3 ] 2+ complexes. Initially these were formed in solution by rearrangement of [Ni(en) 2 Cl 2 ], but much improved yields were reached when preformed [Ni(en) 3 ] 2+ was added to the reaction mixture. The crystal packing (Figure S2) shows that the chains are organized in layers, the [Ni(en) 3 ] 2+ and the H 2 O solvate molecules are sandwiched between these pseudo-layers. Short separations are found between the chains, these involve non-coordinated sulfur atoms of the thiocyanate ligands with S•••S contacts below 4 Å (FigureS2). Such van der Walls interactions could act as pathways for magnetic interactions between the chains because of the spin density carried by the S atoms (vide infra).

Figure 1 .

 1 Figure 1. Molecular structure of [{Mo(NCS) 6 }{Ni(en) 2 }]•0.5[Ni(en) 3 ]0.5 H 2 O, 1. H atoms and solvate molecules are not shown. For selected bond lengths and angles see Figure S1

[

  {Mo(NCS) 6 }{NiL N4 }]•0.5[NiL N4 (CH 3 CN) 2 ]•0.5CH 3 CN•H 2 O, 2, consists in a 1-D assemblage of the two building units [Mo(NCS) 6 ] 3-and [NiL N4 ] 2+ with half of independent cationic [NiL N4 (CH 3 CN) 2 ] 2+ complex balancing the charges. Each Mo unit is linked to two Ni 2+ by two of its NCS -ligands positioned in trans, and each Ni center accommodates in its apical positions two S atoms from two [Mo(NCS) 6 ] 3-units. Because of disorder only inaccurate geometrical parameters were obtained and therefore, they will not be discussed NCS) 6 }{ML N4 }]•[Co III L N4 Br 2 ] with M = Ni II (3) or Co II (4), are isomorphous. The zigzag chains are made up by the association of [Mo(NCS) 6 ] 3-and [M II L N4 ] 2+ , with one[Co III L N4 Br 2 ] + complex as counter-cation (Figure2). Like for 2, in a chain each Mo unit is linked to two M 2+ by two of its NCS -ligands positioned in trans, and each M 2+ complex is connected to two [Mo(NCS) 6 ] 3-units by the coordination of two sulfurs in its apical positions.The M-SCN linkages are bent with angles close to 100° (see FigureS4and S5) whereas the Mo-N-C angles are almost linear, in agreement with the respective coordination of S-and Natoms. The chains run in parallel along the c-direction of the crystal lattice with obvious π-π stacking between the pyridyl moieties of the L N4 ligands from the chains and the [Co III L N4 Br 2 ] + complexes (FigureS6).

Figure 2 .

 2 Figure 2. [{Mo(NCS) 6 }{NiL N4 }][Co III L N4 Br 2 ], 3. Selected bond lengths and angles can be found in Figure S4.

[

  Mo(NCSe) 6 ] units are closely packed with intermolecular Se•••Se separations of 3.3757(4) and 3.7502(4) Å; distances close or even below the sum of the ionic radius of Se suggesting contacts between the atoms. These contacts lead to a ladder-type organization of the [Mo(NCSe) 6 ] units (FigureS9).

Figure 3 .

 3 Figure 3. Crystal structure for (PPh 4 ) 3 [Mo(NCSe) 6 ]•CH 3 CN (solvate is not depicted).

Figure 4 (

 4 Figure 4 (left) Molecular structure for [{Mo(NCSe) 6 }{NiL N4 } 2 (NCS)]•CH 3 CN, 6 (H atoms and solvates are not depicted). For distances and angles see Figure S10.

Figure 5 Table 1 . 6 ] 3 -

 5163 Figure 5 (left) One of the three HOMOs, and (right) distribution of the spin density (grey: positive, blue: negative) deduced from DFT calculation for [Mo(NCSe) 6 ] 3-

Figure 6 For 4 ,

 64 Figure 6 Experimental and calculated (─) χ M T versus T behavior for () [{Mo(NCS) 6 }{Ni(en) 2 }]•0.5[Ni(en) 3 ], 1; () [{Mo(NCS) 6 }{NiL N4 (MeCN) 2 }]•0.5[NiL N4 ], 2; () [{Mo(NCS) 6 }{NiL N4 }]•[CoL N4 Br 2 ], 3; (•) [{Mo(NCS) 6 }{CoL N4 }]•[CoL N4 Br 2 ], 4. The best fit parameters are discussed in main text.

Figure 7

 7 Figure 7 (a) Experimental and calculated () χ M T versus T for () [{Mo(NCS) 6 }{CoL N4 } 2 (NCS)], 5, and () -[{Mo(NCSe) 6 }{NiL N4 } 2 (NCS)]•, 6. Best fit parameters are discussed in the text.

60 ( 61 [

 6061 ) 6 ] 3-(Q = S; Se) as metallo-ligand for the design of heteronuclear coordination polymers with efficient exchange interactions. Both for Co II and Ni II , the NCS mediates antiferromagnetic interaction in the order of -30 to -90 cm -1 with the 4d ion. Such strong interactions open interesting perspective in the design of strongly correlated ferrimagnetic spin systems. Changing NCS for NCSe was not found to have an effect on the strength of the exchange interaction between the paramagnetic centers.The marked coordination preferences of the S-ligand for soft 3d metal ions offer unique opportunities for designing original heterotrimetallic and mixed-valence derivatives. The examples reported herein illustrate a facile access to such species with [Mo(NCS) 6 ] 3-using a simple self-sorting reaction.EXPERIMENTAL SECTIONAll the syntheses were performed under a N 2 atmosphere. The chemicals were obtained from commercial sources and used as received. The deoxygenated solvents were prepared by refluxing under a Nitrogen atmosphere. The starting materials K 3 [Mo(NCS) 6 ], NEt 4 ) 3 [Mo(NCS) 6 ],[START_REF] Mousavi | First Magnets Based on Thiocyanato-Bridges[END_REF] [Ni(en) 2 Cl 2 ],61 [Ni(en) 3 ]Cl 2, Co II L N4 (H 2 O) 2 ](ClO 4 ) 2 ,[START_REF] Long | Cobalt(II) complexes of quadridentate macrocycle 2,12dimethyl-3[END_REF] 

Figure S1

 S1 Figure S1 ORTEP view of the asymmetric unit of 1D-[{Mo(NCS) 6 }{Ni(en) 2 }]•0.5{Ni(en) 3 }•0.5H 2 O, 1.

Figure S2 Organization of 1

 1 Figure S2Organization of 1 in the crystal.

Figure S3 2 Figure S4

 S32S4 Figure S3 ORTEP view of the asymmetric unit of 1D-[{Mo(NCS) 6 }{NiL N4 }]•0.5{NiL N4 (CH) 2 }•0.5CH 3 CN•H 2 O, 2 Figure S4 ORTEP view of the asymmetric unit of 1D-[{Mo(NCS) 6 }{NiL N4 }]•{Co III L N4 Br 2 }•, 3.

Figure S5 4 Figure S6

 S54S6 Figure S5 ORTEP view of the asymmetric unit of 1D-[{Mo(NCS) 6 }{CoL N4 }]•{Co III L N4 Br 2 }•, 4 Figure S6 Detail of the π-π stacking between chains in 3 and 4.

Figure S7

 S7 Figure S7 ORTEP view of the asymmetric unit of 1D-[{Mo(NCS) 6 }{CoL N4 } 2 (NCS)]•CH 3 CN, 5.

Figure S8

 S8 Figure S8 ORTEP view of the asymmetric unit of [PPh 4 ] 3 {Mo(NCSe) 6 }•CH 3 CN.

Figure S9 Figure S10

 S9S10 Figure S9 Ladder type organization of the {Mo(NCSe) 6 } 3-complexes in the crystal of (PPh 4 ) 3 {Mo(NCSe) 6 }•CH 3 CN, Figure S10 ORTEP view of the asymmetric unit of 1D-[{Mo(NCSe) 6 }{NiL N4 } 2 (NCS)]•CH 3 CN, 6.

Figure S11 Figure S12

 S11S12 Figure S11 Experimental (○) and calculated (─) χ M T versus T behavior for [PPh 4 ] 3 {Mo(NCSe} 6 •CH 3 CN Figure S12 Field dependence of the magnetization for 1, at 2K.

Figure S13

 S13 Figure S13Field dependence of the magnetization for 2, at 2K.

Figure S14 Compound 3 :

 3 Figure S14 Compound 3: (left) χ M = f(T), and (right) field dependence of the magnetization..

Figure S15 Compound 4 :Figure S16

 4S16 Figure S15 Compound 4: (a) χ M = f(T), and (b) field dependence of the magnetization; (c) temperature dependence of AC susceptibility Figure S16 Field dependence of the magnetization for 5, at 2K.

Figure S17 Field dependence of the magnetization for 6 ,

 6 Figure S17Field dependence of the magnetization for 6, at 2K.

Figure S18 .

 S18 Figure S18. Magnetic behaviour for [CoL N4 (H 2 O) 2 ]•2ClO 4 .

Figure S19 . 5 .

 S195 Figure S19. Powder X-Ray patterns for 2-5. Gaussian reference.

Figure S2 Crystal packing for 1 .

 1 Figure S2 Crystal packing for 1. (right) Close contacts between chains; the shortest S•••S separations are materialized by dotted lines. Distances (Å): S2•••S2, 3.92; S2•••S3, 3.73; S4•••S3, 3.72.

Figure S3 .

 S3 Figure S3. 1D-[{Mo(NCS) 6 }{NiL N4 }]•0.5{NiL N4 (CH 3 CN) 2 }•0.5CH 3 CN•H 2 O, 2: ORTEP view of the two asymmetric units.

Figure S6 .

 S6 Figure S6. Detail of the π-π stacking between chains in 3 and 4. Distances between the centroids of the pyridine units: in 3 for NiL N4 and Co II L N4 Br 2 : 4.078 (Å); NiL N4 and NiL N4 : 4.008 (Å); in 4 Co (II) L N4 / Co (III) L N4 Br 2 , 4.093 (Å), and Co (II) L N4 / Co (II) L N4 , 4.027 (Å).

  Figure S7. 1D-[{Mo(NCS) 6 }{CoL N4 } 2 (NCS)]•CH 3 CN, 5: (left) ORTEP view of the asymmetric unit at T = 110 K and (right) superposition of the asymmetric units at T = 273 K (ellipsoids at the 30% probability level) and 100K (ball and sticks in green). This last drawing is the inverted image of the actual structure to have the same enantiomer as that of the crystal collected at 273 K.

Figure S8 .

 S8 Figure S8. ORTEP view of the asymmetric unit of [PPh 4 ] 3 {Mo(NCSe) 6 }•CH 3 CN. Selected bond lengths (Å) and angles (°) patterning to the anionic units: Mo-N, (range) 2.095(2) to 2.115(2); N-C, (range) 1.154(3) to 1.161(3); C-Se, (range) 1.770(3) to 1.784(3) ; Mo-N1-C1, 175.7(2); Mo-N2-C2, 175.4(2); Mo-N3-C3, 174.2(2); Mo-N4-C4, 172.7(2); Mo-N5-C5, 172.7(2); Mo-N6-C6, 171.1(2)°.

Figure S9 .

 S9 Figure S9. Ladder type organization of the {Mo(NCSe) 6 } 3-complexes in the crystal of (PPh 4 ) 3 {Mo(NCSe) 6 }•CH 3 CN, the shortest Se•••Se separations are materialized by dotted lines. Distances: Se1•••Se4(-1+x, y, z), 3.7502(4) Å; Se2•••Se2(2-x, 1-y, 1-z), 3.3757(4) Å ; Se4•••Se1(1+x, y, z), 3.7502(4) Å.

Figure S10

 S10 Figure S10 1D-[{Mo(NCSe) 6 }{NiL N4 } 2 (NCS)]•CH 3 CN, 6: ORTEP view of the asymmetric unit and crystal packing. Selected geometric data: distances (Å) Ni1-Se1, 2.6769(9); Ni2-Se2, 2.7614(9); Ni1-S1, 2.552(1); Ni2-N15, 2.105(5); Mo-N, 2.084(5)-2.109(4); angles (°) Ni1-Se1-C1, 101.6(1); Ni2-Se2-C2, 103.3(2); Ni1-S1-C46, 103.5(2); Mo-N-C, 166.7(4)-177.2(4); Ni2-N15-C46, 155.2(4).

Figure S11

 S11 Figure S11 Experimental (○) and calculated (─) χ M T versus T and M versus H (2 K) behavior for [PPh 4 ] 3 {Mo(NCSe} 6 •CH 3 CN. Best fit parameters: g = 1.9290 ± 0.0008, D = 3.7 ± 0.1 cm -1 and zJ' = -0.117 ± 0.03 cm -1 .

Figure S12 Figure S13

 S12S13 Figure S12Field dependence of the magnetization for 1, at 2K. The solid lines is a guide for the eyes.

Figure S14 :Figure S15 .Figure S16 Field dependence of the magnetization for 5 .

 S14S15S165 Figure S14: Compound 3: (left) χ M = f(T), and (right) field dependence of the magnetization for 3, at 2K. The solid lines are guides for the eyes.

Figure S17 Figure S18 .

 S17S18 Figure S17Field dependence of the magnetization for 6, at 2K. The solid line is a guide for the eyes.

  

  This lead to consider the diamagnetic [Co III L N4 Br 2 ] + complex as the diamagnetic cationic counterpart. The reaction of [Mo(NCS) 6 ] 3-and either [NiL N4 (H 2 O) 2 ] 2+ or

	[CoL N4 (H 2 O) 2 ] 2+	in	the	presence	of	[Co III L N4 Br 2 ] +	yielded
	[{Mo(NCS) 6 }{ML N4 }]•[Co III L N4 Br 2 ]				

Reaction of [Mo(NCS) 6 ] 3-with [Ni(en) 2 Cl 2 ] or [NiL N4 (H 2 O) 2 ] 2+ in the presence of an excess (5 equiv.) of tetraalkylammonium or PPh 4 + salts failed; crystals of 1 and 2 were systematically obtained as the only solid product.

Table 2 .

 2 Characteristic data for the magnetic behaviors of 1-6.

					1	2	3	4	5	6
	χ M T 300K	a	2.60	2.31	1.90	4.27	2.13	3.13
	T min	b			40	32	78	88	-	-
	χ M T min	a	1.0	0.88	1.17	2.53	-	-

NCS) 6 }{NiL N4 }]•0.5[NiL N4 (CH 3 CN) 2 ]•0.5CH 3 CN•H 2 O (2).

  Three solutions were successively layered in a Schlenk tube according the following order (from the bottom to the top of the tube): 1)

	[Ni(en) 3 ]Cl 2 (26 mg; 0.09 mmol) in 10 mL of H 2 O 2) [Ni(en) 2 Cl 2 ] (225 mg; 0.9 mmol) in a
	mixture of 5 mL of EtOH and 5 mL of H 2 O and 3) K 3 [Mo(NCS) 6 ] (111 mg; 0.18 mmol)
	dissolved in 10 mL of EtOH. After one day orange-brown crystals of 1 were collected, and
	washed with EtOH followed by Et 2 O. Yield: 45 mg, 33%. Anal. Calcd (%) for
	C 13 H 28 N 13 Mo 1 Ni 1.5 S 6 •0.5H 2 O: C, 20.77; H, 3.89; N, 24.22. Found: C, 21.03; H, 3.54; N,
	24.00. IR (ATR): ν (cm -1 ) 3320 (m), 3297 (m), 3250 (m), 2946 (w), 2887 (w), 2103 (m), 2052
	(s), 2024 (s), 1569 (m), 1456 (m), 1393 (w), 1366 (w), 1278 (m),1139 (w), 1124 (w), 1097
	(m), 1010 (s), 960 (m), 815 (w), 749 (w).		
	[{Mo(A	solution	of
	[NiL N4 (H 2 O) 2 ](ClO 4 )		

2 (61 mg; 0.118 mmol) in 10 mL of CH 3 CN was carefully layered on the top of a solution of (NEt 4 ) 3 [Mo(NCS) 6 ] (100 mg; 0.118 mmol) in 10 mL of CH 3 CN. Black needles of 2 were collected after one day. Yield: 65 mg, 88 %. Anal. Calcd C 28.5 H 35 N 12 Mo 1 Ni 1.5 S 6 O: C, 36.49; H, 3.76; N, 17.91. Found: C, 36.93; H, 3.55; N, 17.71. IR (ATR): ν (cm -1 ) 2913 (w), 2041 (s), 1612 (w), 1575 (m), 1420 (m), 1359 (w), 1274 (m), 1262 (m), 1208 (w), 1149 (w), 1059 (w), 1045 (m), 945 (w), 909 (m), 805 (m), 740 (m), 668 (w).

1D-[

{Mo(NCS) 6 }{NiL N4 }]•[Co III L N4 Br 2 ] (3).

  CN and 5 mL of H 2 O. Dark brown crystals of 4 were collected after two days. Yield: 50 mg, 66 %. Anal. Calcd. (%) for C 36 H 44 N 14 Br 2 Co 2 Mo 1 S 6 •CH 3 CN: C, 35.66; H, 3.70; N, 16.41.

	A solution of (NEt 4 ) 3 [Mo(NCS) 6 ] (50 mg; 0.059 mmol) and [Co III L N4 (Br) 2 ](ClO 4 ) (102 mg; 0.177 mmol) in 15 mL of CH 3 CN was carefully layered over a solution of [NiL N4 (H 2 O) 2 ](ClO 4 ) 2 (30.5 mg; 0.059 mmol) in a mixture of 5 mL of CH 3 CN and 5 mL of H 2 O. Black crystals of 3 were collected after one day. Yield: 40 mg, 57 %. Anal. Calcd. (%) for C 36 H 44 N 14 Br 2 Co 1 Mo 1 Ni 1 S 6 : C, 34.91; H, 3.58; N, 15.83. Found: C, 34.94; H, 3.57; N, 15.76. IR (ATR): ν (cm -1 ) 3210 (w), 30.34 (w), 2914(m), 2291 (w), 2250 (w), 2107 (m), 2051 (s), 1609 (w), 1577 (m), 1460 (w), 1426 (m), 1358 (m), 1307 (w), 1274 (m), 1260 (m), 1214 (m), 1204 (m), 1172 (w), 1143 (m), 1093 (w), 1061 (m), 1009 (m), 937 (m), 910 (m), 891 (m), 815 (m), 751 (w), 662 (w). [{Mo(NCS) 6 }{Co II L N4 }]•{Co III L N4 Br 2 } (4). A solution of (NEt 4 ) 3 [Mo(NCS) 6 ] (50 mg; 0.059 (m), 2049 (s), 1576 (m), 1427 (m), 1357(m), 1322 (w), 1309 (w), 1276 (m), 1252 (w), 1211(m), 1143 (m), 1075 (m), 1060 (m), 1038 (m), 1026 (m), 954 (w), 934 (m), 890 (m), 816 (m), 801(m), 752 (m). [{Mo(NCS) 6 }{CoL N4 } 2 (NCS)]•CH 3 CN (5). K 3 [Mo(NCS) 6 ] (36.1 mg; 0.064 mmol) and KSCN (27.6 mg; 0.284 mmol) were dissolved in 10 mL of CH 3 CN. This solution was very carefully added above a solution of [Co II L N4 (H 2 O) 2 ](ClO 4 ) 2 (70.6 mg; 0.128 mmol) in 10 mL of CH 3 CN. Dark brown crystals of 5 were collected after a few days. Yield: 52 mg, 69 %. Anal. Calcd (%) for C 37 H 44 N 15 S 7 Mo 1 Co 2 : C, 39.08; H, 3.90; N, 18.48. Found: C, 39.22; H, 3,79; N, 18.42. IR (ATR): ν (cm -1 ) 3178 (w), 2912 (w), 2089 (m), 2049 (s), 1569 (w), 1422 mmol) and [Co Found: C, 35.56; H, 3.88; N, 16.48. IR (ATR): ν (cm -1 ) 3309 (w), 31.50 (w), 2911 (m), 2105 (m), 1358 (m), 1323 (m), 1281 (m), 1210 (m), 1147 (m), 1076 (m), 1053 (m), 931 (m), 892

III L N4 (Br) 2 ](ClO 4 ) (102 mg; 0.177 mmol) in 15 mL of CH 3 CN was carefully layered over a solution of [Co II L N4 (H 2 O) 2 ](ClO 4 ) 2 (31.5 mg; 0.059 mmol) in 5mL of CH 3

  The suspension was stirred for 30 min. and filtered. The yellow solid was washed with H 2 O followed by EtOH and was dried under vacuum. A first purification of this compound was accomplished by dissolving the crude yellow solid in CH 3 CN and by adding this solution into a saturated aqueous solution of PPh 4 Cl. The resulting yellow solid was dissolved in hot CH 3 CN and the resulting solution was stored in a fridge (4°C) for 1 day allowing the formation of yellow crystals. Yield: 190 mg, 60%. Anal. Calcd. (%) for C 78 H 60 N 6 MoP 3 Se 6 .CH 3 CN: C, 53.83; H, 3.56; N, 5.50. Found: C, 53.73; H, 3.80; N, ) in 10 mL of CH 3 CN was carefully layered over the Mo solution. 1mL of an aqueous solution of KSCN (600 mg; 6.18 mmol) was added at the bottom of the flask. After 3 days, orange crystals of 6 were collected. Yield: 43 mg, 33 %. Anal. Calcd. (%) for C 37 H 44 N 15 S 1 Se 6 Mo 1 Ni 2 •CH 3 CN: C, 32.10; H, 3.25; N, 15.36. Found: C, 32.15; H, 2.79; N,

	10 mL of Et 2 O. Yield: 1.1 g, 72%. Anal. Calcd (%) for C 30 H 60 N 9 MoSe 6 •0.5CH 3 CN: C, 32.74; H, 5,45; N, 11.70. Found: C, 32.44; H, 5,49; N, 11.76. IR (ATR): ν (cm -1 ) 2982 (w), 2035 (s), 1483 (m), 1437 (s), 1392 (w), 1305 (w), 1183 (m), 1173 (m), 1031 (w), 1001 (m), 888 (w), 785 (m), 658 (m). (PPh 4 ) 3 [Mo(NCSe) 6 ]•CH 3 CN: A solution of (NEt 4 ) 3 [Mo(NCSe) 6 ] (200 mg; 0.179 mmol) in 6 mL of CH 3 CN was slowly added to a solution of PPh 4 Cl (2 g; 5.3 mmol) in 50 mL of H 2 O. A (w), 1316 (w), 1107 (s), 1026 (w), 996 (s), 756 (m), 720 (s), 689 (s). [{Mo(NCSe) 6 }{NiL N4 } 2 (NCS)]•CH 3 CN (6). (NEt 4 ) 3 [Mo(NCSe) 6 ]•0.5CH 3 CN (100 mg; 0.089 mmol) was dissolved in 9 mL of CH 3 CN. A solution of [NiL N4 (H 2 O) 2 ](ClO 4 ) 2 (91.8 mg; 0.178 mmol15.34. IR (ATR): ν (cm -1 ) 3195(w), 3066 (w), 2936 (w), 2917 (w), 2866 (w), 2735 (w), 2105 yellow precipitate appeared. 5.59. IR (ATR): ν (cm -1 ) 3053 (w), 2046 (s), 1705 (m), 1585 (w), 1483 (m), 1434 (s), 1339 (m), 2043(s), 1613 (m), 1580 (m), 1467 (m), 1420 (m), 1384 (w), 1353 (m), 1304 (w), 1270

Table 3

 3 Crystallographic Data and Structural Refinement Parameters for 1-6 and [PPh 4 ] 3 [Mo(NCSe) 6 ]•CH 3 CN

		1	2	3	4	5_100K	5_273K	6	[PPh 4 ] 3 [Mo(NCSe) 6 ]. CH 3 CN
	Chemical formula	C 26 H 58 Mo 2 N 26 Ni 3 OS 12	C 63 H 79 Mo 2 N 27 Ni 3 O 2 S 12	C 36 H 44 Br 2 CoMo N 14 NiS 6	C 36 H 44 Br 2 Co 2 MoN 14 S 6	C 39 H 47 Co 2 MoN 16 S 7	C 39 H 47 Co 2 MoN 16 S 7	C 39 H 47 MoN 16 Ni 2 SSe 6	C 80 H 63 Mo N 7 P 3 Se 6
	M (g.mol -1 )	1503.72	1999.30	1238.63	1238.85	1178.18	1178.18	1459.10	1785.05
	Crystal	Monoclinic	Triclinic	Monoclinic	Monoclinic	Monoclinic	Monoclinic	Monoclinic	Triclinic
	system								
	Space group	C2/c	P-1	P2 1 /c	P2 1 /c	P2 1	P2 1	P2 1	P-1
	a (Å)	28.1182(18)	10.9968(6)	14.6508(4)	14.6700(4)	10.3237(3)	10.39890(4)	10.5795(7)	12.9876(9)
	b (Å)	13.8711(5)	12.2116(7)	28.7479(7)	28.7210(6)	23.3071(7)	23.46560(5) 23.6004(14)	13.1169(10)
	c (Å)	16.1238(9)	18.3066(9)	12.4509(3)	12.4729(3)	10.9865(3)	11.12860(4)	11.0487(7)	24.1921(18)
	α (°)	90	76.0650(18)	90	90	90	90	90	95.848(4)
	β (°)	116.191(7)	80.8110(19)	108.009(3)	107.844(2)	108.5030(10) 108.752(4)°	107.913(3)	92.688(4)
	γ (°)	90	67.8560(17)	90	90	90	90	90	109.917(4)
	V (Å 3 )	5643.1(6)	2203.5(2)	4987.1(2)	5002.5(2)	2506.9(1)	2571.42(6)	2624.9(3)	3839.9(5)
	Z	4	1	4	4	2	2	2	2
	d calcd	1.77	1.51	1.65	1.65	1.56	1.52	1.85	1.54
	µ (mm -1 )	1.912	1.246	2.846	2.793	1.239	1.208	5.19	3.12
	T (K)	180	100	180	180	100	273	110	180
	Refl. measured	24185	49168	58242	68256	52199	69823	69381	112140
	Refl. unique	7481	10937	12346	12177	12330	16105	18852	21006
	R int	0.042	0.051	0.055	0.054	0.066	0.0615	0.029	0.031
	Refl. with I > 3σ(I)	5105	6977	8691	6380	9290	10825	15575	13223
	Nb. parameters	321	448	550	550	587	587	587	874
	R with I > 3σ(I)	0.0316	0.1006	0.0866	0.0757	0.0459	0.041	0.0538	0.0301
	Rw with I > 3σ(I)	0.0359	0.1266	0.0735	0.0757	0.0496	0.048	0.0523	0.0311
	Flack parameter Residual electron density (ē.Å -3 )	-1.31/-0.76	-3.36/-1.68	-2.30/-1.65	-2.59/-2.36	0.26(2) 1.35/-0.72	0.09(2) 0.96/-0.51	0.49(1) 3.65/-1.83	-1.28/-1.21
	CCDC reference	1938755	1938751	1938749	1938750	1938754	1983354	1938753	1938752

Table 1

 1 Spin density distribution in [Mo(NCSe) 6 ] 3-

Table S1

 S1 Spin density distribution in [Mo(NCSe) 6 ] 3-

	N	C	Se	Mo
	-0.081242	0.097615	0.067972	2.474089
	-0.074613	0.089112	0.061708	
	-0.079583	0.099643	0.06752	
	-0.08283	0.104667	0.069896	
	-0.086303	0.107056	0.072968	
	-0.084777	0.103674	0.073428	
	-0.081558	0.1002945	0.06891533	mean
	-0.05817946	0.11149664	0.10458243	(MEAN-MIN)/MEAN
	-0.08515412	0.06741646	0.06548132	(MAX-MEAN)/MEAN
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