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■ INTRODUCTION

The spin-crossover (SCO) phenomenon is considered as one of the most attractive switching processes in material sciences. Commonly, SCO compounds possess two magnetic states, a low-spin (LS) state and a high-spin (HS) state, which can be addressed upon temperature, light, pressure, chemical, or magnetic-field stimuli. [1][2][3][4][5] These switchable materials have been of interest to diverse fields of applications, such as ultrahigh-density data storage devices, molecular switches, molecular actuators, logic gates, optical/electronic devices, and sensors. [START_REF] Kumar | Sublimable Spin-Crossover Complexes: From Spin-State Switching to Molecular Devices[END_REF][START_REF] Kumar | Emerging Trends in Spin Crossover (SCO) Based Functional Materials and Devices[END_REF][8][START_REF] Rubio-Giménez | Electrical Conductivity and Magnetic Bistability in Metal-Organic Frameworks and Coordination Polymers: Charge Transport and Spin Crossover at the Nanoscale[END_REF][10][START_REF] Wang | Photo-and Electronically Switchable Spin-Crossover Iron(II) Metal-Organic Frameworks Based on a Tetrathiafulvalene Ligand[END_REF] The origin of the SCO phenomenon is molecular and is associated with a significant change of volume at the metal-ion site. Nevertheless, the overall properties of the SCO materials are determined by the amplitude of the intermolecular elastic interactions, which are responsible for what is traditionally called cooperativity. Noncovalent supramolecular interactions (host-guest, hydrogen bonding, π-π interactions, etc.) are well known to bring mechanical elasticity to the network to propagate the local volume change of the molecule through the material. When the cooperativity is large enough, the spin-crossover can therefore be accompanied by a phase transition (also called a spin transition). However, effective control of the SCO properties remains a challenge due to the uncertainties in crystal engineering.

To meet this challenge, metal-ion dilution in SCO materials appears to be an appealing and straightforward synthetic strategy to control the propagation of elastic interactions between metallic centers. [START_REF] Tayagaki | Metal Dilution Effects on the Journal of the American Chemical Society pubs[END_REF][START_REF] Spiering | Elastic Interaction in Spin-Crossover Compounds[END_REF][START_REF] Sorai | Mossbauer Effect Study On The High-Spin ( 5 T 2 ) ⇌ Low-Spin ( 1 A 1 ) Transition in [Fe(2-Pic) 3 Cl 2 . Dilution Effect in [Fe x Zn 1-x (2-Pic) 3 ]Cl 2 .EtOH and C[END_REF][START_REF] König | The Nature of Spin-State Transitions in Solid Complexes of Iron(II) and the Interpretation of Some Associated Phenomena[END_REF] Introducing inactive metal ions (i.e., non-SCO metal ions) in an SCO material separates the active centers and has for direct effect to modulate the volume change propagation and to tune the cooperativity. Besides, dilution of the active metal ion allows the tuning of the SCO temperature, T 1/2 , in a nearly predictable manner by changing the internal pressure of the material. 16,17 A downward shift of T 1/2 in Fe II -based SCO materials is expected upon substitution with ions of a similar or larger ionic radius than those of HS Fe II (92 pm), such as Zn II (88 pm), HS Mn II (97 pm), HS Co II (88.5 pm), and Cd II (109 pm) ions. [START_REF] Shannon | Revised Effective Ionic Radii and Systematic Studies of Interatomic Distances in Halides and Chalcogenides[END_REF] In the case of Ni II dilution, only a small effect on T 1/2 was observed since its radius (83 pm) lies halfway between HS Fe II (92 pm) and LS Fe II (75 pm). [START_REF] Shannon | Revised Effective Ionic Radii and Systematic Studies of Interatomic Distances in Halides and Chalcogenides[END_REF] But so far, metal-ion dilution was reported to have only a limited effect on tuning the SCO temperature (indeed decreasing it, in the absence of suitable metal ion with radius < 83 pm) at the cost of losing cooperativity. 19 In 2019, we reported a mononuclear Fe II complex, [Fe( 2Me L)(NCBH 3 ) 2 ] ( 2Me L = N,N'-dimethyl-N,N'-bis(2-pyridylmethyl)-1,2-ethanediamine), which exhibits an extremely slow dynamics of the spin transition process. [START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] A full relaxation from the metastable high-spin state to the low-spin ground state takes at least 3.7 h at 74-75 K. Identifying the microscopic mechanisms of this unusual dynamics, and even more, finding a way to control it, are essential to guide the design of new SCO materials with premeditated physical properties. Therefore, we oriented our investigations toward studying the metal dilution effects on the SCO dynamics of this unique system. Ni II (83 pm) and Zn II (88 pm) ions have been chosen as two representative metal ions considering their relative ionic radius in comparison to Fe II (LS: 75 pm; HS: 92 pm). Herein, we demonstrate that the dynamics of the HS-to-LS transition can be blocked or accelerated by selecting the right metal ion for dilution.

■ RESULTS AND DISCUSSION

Synthesis and Structural Characterization. Three mixed-metal materials containing around 50% of Fe II , [Fe x M 1-x ( 2Me L)(NCBH 3 ) 2 ] (Fe 0.52 Zn 0.48 , Fe 0.48 Ni 0.52 , Fe 0.41 Ni 0.59 ), were chosen to illustrate the metal dilution effects on the SCO dynamics. They were obtained using the same synthetic method as for the pristine Fe II complex. [START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] The metal fractions, x, as indicated in the name codes, were modulated by using different starting metal salts and were determined by inductively coupled plasma atomic emission spectroscopy (ICP-AES). Scanning electron microscopyenergy-dispersive spectroscopy (SEM-EDS) analysis confirmed that the two types of metal ions were uniformly distributed over the materials (Figure S1). The pure Ni II and Zn II compounds were also synthesized for comparison (see the Experimental Section). Single-crystal structures of all of the complexes were determined at 123 K and found to be isostructural to the pure Fe II complex (monoclinic C2/c space group). [START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] The crystallographic data and refinement parameters are summarized in Tables S1 andS2. The metal ions are located in a distorted octahedral coordination sphere (Figure S2 and Table S2), composed of six N atoms from one tetradentate 2Me L ligand and two NCBH 3 -anions. The average metal-nitrogen distances in the pure [M( 2Me L)(NCBH 3 ) 2 ] compounds are in line with the ionic radius of the metal ions, decreasing from 2.19 Å for HS Fe II , 2.17 Å for Zn II , 2.10 Å for Ni II , down to 2.01 Å for LS Fe II . [START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] In Fe 0.52 Zn 0.48 , the average M-N distance of 2.18 Å is right in between the pure Zn II and HS Fe II compounds. In contrast, the average metal-nitrogen bond lengths in Fe 0.41 Ni 0.59 and Fe 0.48 Ni 0.52 (2.17 and 2.18 Å, respectively) are only slightly smaller than for the HS Fe complex. Overall, the bond length analysis in the three solid solutions indicates that Fe II ions are all in their HS state at 123 K. Their crystal packing and intermolecular contacts are subject to only subtle changes compared to the pure Fe II complex in its HS phase, [START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] as confirmed by the Hirshfeld surface analysis (Figures S3 andS4). The predominant intermolecular interactions are found to be π•••π interactions (Figures 1 andS4; Table S3; centroid-centroid distance ∼3.6 Å) and short contacts between B and H atoms from pyridine groups (∼0.2 Å shorter than the sum of van der Waals radii, Figure S5; Table S3). The short contacts observed in the LS phase of the pure Fe II complex between C atoms from cyanoborohydride and H atoms from ethylene groups are absent in these mixed-metal structures.

Magnetic Properties. The magnetic susceptibility, χ, of the materials described in this work was measured on polycrystalline samples between 1.85 and 300 K. While the Zn II complex is diamagnetic, the Ni II complex is an S = 1 paramagnetic species with a χT product constant at 1.21 cm 3 K mol -1 between 20 and 300 K (Figure S6). The results for the mixed-metal materials are shown in Figure 2 in the form of χT versus T plots. Very different magnetic behaviors are observed, highlighting the major effects of the diluting metal ions on the SCO properties. The χT products at 300 K for Fe 0.41 Ni 0.59 (2.23 cm 3 K mol -1 ), Fe 0.48 Ni 0.52 (2.58 cm 3 K mol -1 ), and Fe 0.52 Zn 0.48 (2.40 cm 3 K mol -1 ) are consistent with the sum of the fractional contributions from the pure complexes, i.e., 2.40, 2.61, and 2.14 cm 3 K mol -1 for Fe 0.41 Ni 0.59 , Fe 0.48 Ni 0.52 , Fe 0.52 Zn 0.48 , respectively. These values are estimated from the following relation χT ≈ x[χ Fe T] HS,300 K + (1x)[χ Zn/Ni T] 300 K , where x is the fraction of the Fe II ions determined by ICP-AES and [χ M T] 300 K is the value of the χT product for the pure complexes at 300 K (see the Experimental Section). These results confirm the presence of Fe II ions in their HS state in all of these mixed-metal compounds.

In contrast to the pure Fe II complex, for which its LS state is only accessible after more than 3.7 h of relaxation below 80 K, [START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] the two Ni II /Fe II complexes show a clear spin-crossover between 90 and 50 K. With only 48% of Fe II sites, Fe 0.48 Ni 0.52 nevertheless shows a 6 K thermal hysteresis (at 0.65 K min -1 ; Figures 2 andS7) centered at 72 K and a rapid decay of the χT value between 85 and 50 K (with characteristic times of the order of a few minutes; Figure S7) as usually seen for SCO complexes. Lowering slightly the Fe II concentration, Fe 0.41 Ni 0.59 displays a reversible spin crossover at 73 K without thermal hysteresis, proving that the Ni II amount is an efficient tool for chemists to control the SCO dynamics in this system. At 20 K, the χT products are 1.06 and 1.15 cm 3 mol -1 K for Fe 0.41 Ni 0.59 and Fe 0.48 Ni 0.52 , respectively. As χT > (1 - 
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Fe HS,0.09 Fe LS,0.32 Ni 0.59 and Fe HS,0.13 Fe LS,0.35 Ni 0.52 (to compare with Fe HS,0.04 Fe LS,0.96 for the pure Fe complex). [START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] In these materials, the larger HS Fe II residual below the SCO, i.e., the destabilization of the LS Fe II ground state, is likely correlated to the presence of Ni II metal ions, as the Ni II radius lies nearly halfway between HS Fe II and LS Fe II ions. On the other hand, further decrease of the χT product below 15 K can be attributed to the intrinsic magnetic anisotropy of Ni II and HS Fe II sites, as already observed in the pure analogues (Figure S6). [START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] In the case of the Zn II /Fe II material, Fe 0.52 Zn 0.48 , the 
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SCO is completely suppressed, and only the paramagnetic behavior of the HS Fe II metal ions is observed down to 1.85 K. Attempts to monitor the decay of the magnetization between 90 and 60 K show that the χT product over 1 to 2 h remains constant supporting the absence of slow dynamics in contrast to the magnetization decay observed for the pure Fe II complex. [START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] Optical Reflectivity. The mixed-metal materials and their electronic properties were also studied by optical reflectivity. The SCO process can be followed in the 500-700 nm region corresponding to MLCT and/or d-d transitions of LS Fe II complexes. [START_REF] Costa | Remarkable Steric Effects and Influence of Monodentate Axial Ligands L on the Spin-Crossover Properties of Trans-[Fe II (N 4 Ligand)L] Complexes[END_REF][START_REF] Glijer | Photoinduced Phenomena and Structural Analysis Associated with the Spin-State Switching in the [Fe II (DPEA)(NCS) 2[END_REF] The reflectivity technique is very sensitive to subtle changes at the sample surface, making it particularly useful for detecting an SCO hidden at the bulk level, as seen with the pure Fe II complex. [START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] Thermal variation of the optical reflectivity spectra was collected for the three solid solutions (Figures S8-S10) in order to probe their thermochromism. The reflectivity at 600 nm for Fe 0.41 Ni 0.59 and Fe 0.48 Ni 0.52 (Figures S8 andS9) shows a clear temperature dependence consistent with an SCO at the Fe II sites already observed in the magnetic investigations (Figure 2). On the other hand, the optical reflectivity data for Fe 0.52 Zn 0.48 (Figure S10) are not temperature-dependent, confirming that the SCO is suppressed in the Zn II /Fe II solid solution even at its surface. Moreover, as shown by the isothermal relaxation studies above 50 K (Figure 3), no sign of SCO with a slow dynamics was detected for Fe 0.52 Zn 0.48 . Although the LS state of the Fe II sites in Fe 0.52 Zn 0.48 is clearly not thermally accessible, an 850 nm irradiation below 55 K causes a light-induced HS-to-LS Fe II conversion (Figures 3, 4, andS13).

The efficiency of the photoinduced HS-to-LS process increases with decreasing the excitation temperature as expected when a photoinduced metastable phase is generated and thermally trapped, being unable to relax to the thermodynamic ground state containing only HS Fe II sites. Upon heating the sample, the photoinduced LS Fe II sites relax fully to their HS state at 68 K (Figure 3). As shown in Figure 4 at 10 K, the HS Fe II sites can also be recovered upon a 625 nm irradiation of the photo-generated LS centers (Figure 4). The LS and HS Fe II sites in Fe 0.52 Zn 0.48 can thus be reversibly and efficiently addressed by 850 and 625 nm irradiations over several cycles without obvious fatigue. The optical reflectivity data also confirmed the good reversibility and selectivity of SCO photoswitching in the Fe II /Ni II solid solutions at 10 K (using 590 or 625 nm for the LS-to-HS conversion, and 850 nm for the HS-to-LS one; Figures 4, S11, andS12).

Photomagnetic Properties. The photomagnetic properties of Fe 0.41 Ni 0.59 , Fe 0.48 Ni 0.52 , and Fe 0.52 Zn 0.48 (Figure 5) were studied on polycrystalline samples at 10 K to test the photoswitchability of the SCO process at the bulk level. The samples were first cooled down to 10 K in the dark (gray data in Figure 5). Upon continuous 650 nm irradiation, the χT product of the two Ni II /Fe II solid solutions increases with time and reaches saturation at 1.86 and 2.05 cm 3 K mol -1 for Fe 0.41 Ni 0.59 and Fe 0.48 Ni 0.52 , respectively. These values are consistent with a complete photoinduced population of the metastable HS state of the Fe II sites. Subsequent 830 nm irradiation induces a decrease of the χT product down to a value that is only slightly higher (by about 5%) than the one obtained upon cooling in the dark (brown data in Figure 5). Upon heating in the dark, 650 nm photoinduced HS sites relax to the thermodynamic state at 55 K for Fe 0.41 Ni 0.59 and 58 K for Fe 0.48 Ni 0.52 (red data in Figure 5).

The bidirectional photoswitching of the SCO process is also observed for Fe 0.52 Zn 0.48 . Upon 830 nm irradiation at 10 K, the χT product decreases to 0.68 cm 3 K mol -1 , indicating that ca. 60% of the Fe HS II centers are photoconverted to Fe LS II , leading to the following 10 K composition, Fe HS,0.16 Fe LS,0.36 Zn 0.48 . Reversibly, the LS-to-HS conversion of the Fe LS II sites can be quantitatively achieved upon 650 nm irradiation (red data in Figure 5). When increasing the temperature, the 830 nm photoinduced LS phase relaxes to the Fe HS,0.52 Zn 0.48 phase at 56 K (brown data in Figure 5), which is similar to the relaxation of the photoinduced HS phase in Fe 0.41 Ni 0.59 (55 K) and Fe 0.48 Ni 0.52 (58 K) and contrasts with the relaxation observed around 95 K in the pure Fe complex. This result confirms the optical reflectivity study and the stabilization of the Fe HS II sites upon Zn dilution. Discussion. The unusually slow dynamics of the spin transition in the pure Fe complex 20 finds its origin in (i) the small energy separation between the LS ground state and the HS excited state (that induces an SCO at low temperature; T 1/2 < 100 K) and (ii) concomitantly a large energy barrier between them (compared to k B T 1/2 ) that thermally traps the metastable HS state. A metal-ion dilution is expected to play on both energetic parameters. By varying both the internal pressure of the material and modulating the elastic interactions, a metal-ion dilution can potentially (i) change ) is shown in gray upon cooling down to 10 K. After cooling down the samples at 10 K in the dark, the red χT vs T data points were obtained after photoexcitation at 650 nm (at 10 mW cm -2 , 1 h) for Fe 0.41 Ni 0.59 (a) and Fe 0.48 Ni 0.52 (b), while for Fe 0.52 Zn 0.48 (c), successive photoexcitations at 830 nm (at 17 mW cm -2 , 7 h) and 650 nm (at 15 mW cm -2 , 30 min) were performed before the magnetic measurements. After cooling down the samples at 10 K in the dark, the brown χT vs T data points were obtained after photoexcitation at 830 nm (at 17 mW cm -2 , 5 h) for Fe 0.52 Zn 0.48 (c) while successive photoexcitations at 650 nm (at 10 W cm -2 , 1 h) and at 830 nm for Fe 0.41 Ni 0.59 (a; at 10 mW cm -2 during 2 h) and for Fe 0.48 Ni 0.52 (b; at 17 mW cm -2 during 5 h) were performed before the magnetic measurements.
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the ground state if the LS-HS energy separation is small, like in the present case, and (ii) modify the energy barrier and thus the SCO dynamics. Indeed, the Fe 0.52 Zn 0.48 solid solution gives the first experimental evidence that a controlled dilution can energetically switch the LS and HS states, leading to Fe II sites with an HS ground state, which are still fully and reversibly photo-switchable (Figures 345). This unprecedented effect, which suppresses the thermal SCO process, is a direct consequence of the metal ion choice and the fact that Zn II and HS Fe II metal ions possess a similar ionic radius (88 vs 92 pm). The reversible photoswitchability of HS Fe II sites observed in Fe 0.52 Zn 0.48 has only been observed in a few Fe II coordination networks [START_REF] Chen | Light-And Temperature-Assisted Spin State Annealing: Accessing the Hidden Multistability[END_REF][START_REF] Milin | Elastic Frustration Triggering Photoinduced Hidden Hysteresis and Multistability in a Two-Dimensional Photoswitchable Hofmann-Like Spin-Crossover Metal-Organic Framework[END_REF][START_REF] Chakraborty | Light-Induced Bistability in the 2D Coordination Network[END_REF][START_REF] Ndiaye | Hidden Hysteretic Behavior of a Paramagnetic Iron(II) Network Revealed by Light Irradiation[END_REF][START_REF] Chakraborty | Persistent Bidirectional Optical Switching in the 2D High-Spin Polymer {[Fe(bbtr) 3 ](BF 4 ) 2 } ∞[END_REF] and one Fe III complex [START_REF] Boonprab | The First Observation of Hidden Hysteresis in an Iron(III) Spin-Crossover Complex[END_REF] for which the LS was a thermally hidden but still an accessible state. When diluted with Ni II , which possesses an ionic radius (83 pm) intermediate between LS and HS Fe II (75 vs 92 pm), the Fe II centers in Fe 0.41 Ni 0.59 and Fe 0.48 Ni 0.52 possess an LS ground state like in the original [Fe( 2Me L)(NCBH 3 ) 2 ] complex, but the energy separation with the HS excited state is reduced as illustrated by the decrease of T 1/2 (73-72 K vs 85-95 K). This T 1/2 shift to lower temperatures is relatively well known in the literature, as shown in Figure S14. [START_REF] Baldé | Effects of Metal Dilution on the Spin-Crossover Behavior and Light Induced Bistability of Iron(II) in [Fe x Ni 1-x (Bpp) 2 ](NCSe) 2[END_REF][START_REF] Chakraborty | Thermal and Light-Induced Spin Switching Dynamics in the 2D Coordination Network of {[Zn 1-x Fe x (Bbtr) 3 ](ClO 4 ) 2 } ∞ : The Role of Cooperative Effects[END_REF][31][32] Indeed, a shift as high as ca. 90 K was reported for the [Fe x Zn 1-x (bpp) 2 ](NCSe) 2 solid solutions (bpp = 2,6-bis-(pyrazol-3-yl)pyridine). 32 Simultaneously, the energy barrier governing the SCO dynamics is significantly reduced by the Ni II dilution as demonstrated by direct observation of the thermal SCO by magnetic and optical measurements (Figures 2 and S7-S9), while it took at least 3.7 h for the pristine Fe complex. [START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] 

■ CONCLUSIONS

In conclusion, the [Fe( 2Me L)(NCBH 3 ) 2 ] complex [START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] was chosen in this work to illustrate how metal-ion dilutions can engender strong effects and some control on the thermodynamic and dynamic properties of an SCO material. In this particular system, the metal-ion substitution was expected to have more pronounced impacts due to its small LS/HS energy separation and its relatively large HS-to-LS energy barrier, which induce a spin-crossover at low temperatures with very slow dynamics. The dilution with Zn II metal ions, which exhibit an ionic radius similar to the HS Fe II centers, leads to the stabilization of the HS ground state at the Fe II sites and, for the first time, a complete suppression of the thermally induced SCO process without destroying the reversible photoswitchability of the LS and HS states. When the Fe II complexes are diluted by Ni II , a smaller metal ion, the solid solutions preserve their LS ground state and photomagnetic activity with a lowering of T 1/2 (by about 20 K) and a faster SCO dynamics, implying a reduction of both LS/HS energy separation and HS-to-LS energy barrier. These successful chemical manipulations of the SCO process through controlled metal-ion dilutions open new synthetic strategies to design solid solutions with premeditated SCO properties. Future works are being developed in our laboratories to generalize this dilution approach with various stoichiometries, metal ions, and ligands in this system, as well as in a series of other SCO complexes.

■ EXPERIMENTAL SECTION

General Procedures. All reagents obtained from commercial sources were used without further purification. Safety Note: Perchlorate salts are potentially explosive, and caution should be taken when dealing with such materials.

Synthesis of [M( 2Me L)(NCBH 3 ) 2 ] (M = Ni or Zn).

To a solution of 2Me L ligand (0.027 g, 0.1 mmol; 2Me L = N,N'-dimethyl-N,N'-bis(2pyridylmethyl)-1,2-ethanediamine) in methanol (15 mL) Physical Characterization. Magnetic susceptibility measurements were recorded with a Quantum Design MPMS-XL SQUID magnetometer, operating with applied fields up to 7 T at temperatures from 1.85 to 300 K. Prior to the experiments, the field-dependent magnetization was measured at 100 K in order to detect the presence of any bulk ferromagnetic impurities. The samples appeared to be free of any significant ferromagnetic impurities. The photomagnetic experiments were performed using a set of photodiodes coupled via an optical fiber to the cavity of an MPMS-5S Quantum Design SQUID magnetometer. Samples were maintained in a straw between two thin layers of polyethylene films to limit orientation effects. Note that the temperatures have been corrected to consider the light irradiation heating (an average +2 K has been observed with red light). Experimental susceptibilities were corrected for sample holder and intrinsic diamagnetic contributions. The fraction of HS Fe II ions, γ HS , involved in the spin-crossover in the mixed-metal complexes was calculated according to the following equations

= + T x T x T (1 )
Fe M

(1)

= T T x T x ( ( 1 
) )/ Fe M (2) = [ ] T T / HS Fe Fe HS (3) 
where x is the molar fraction of the Fe II ions in the solid solution, χ M T is the χT value of the pure metal complex; in a rough approximation, this value is set to be constant above 20 K: χ Ni T ≈ [χ Ni T] 300 K = 1.21 cm 3 K mol -1 , χ Zn T = 0 cm 3 K mol -1 and [χ Fe T] HS = [χ Fe T] 300 K = 4.12 cm 3 K mol -1 . Surface reflectivity measurements have been performed with a home-built system, operating between 10 and 300 K (at 4 K min -1 ) and in a spectrometric range from 400 to 1000 nm. A halogentungsten light source (Leica CLS 150 XD tungsten halogen source adjustable from 0.05 mW cm -2 to 1 W cm -2 ) was used as the spectroscopic light. The measurements were calibrated with barium sulfate as the reference sample. As the samples are potentially very photosensitive, the light exposure time was minimized during the experiments keeping the samples in the dark except during the
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measurements when white light is shined on the sample surface (P = 0.08 mW cm -2 ). For all of the excitation/de-excitation experiments performed at 10 K, the sample was initially placed at this temperature keeping the sample in the dark to avoid any excitation. For white light irradiation, the source described above was used but in a continuous manner with a power of 0.08 mW cm -2 . Light-emitting diodes (LEDs) operating between 365 and 1050 nm (from Thorlabs) were used for excitation experiments. For the excitation/de-excitation experiments in optical reflectivity and photomagnetism, the power and the time of the irradiation were systematically adapted to the optical properties of the materials in order to obtain the fastest possible response and to minimize thermal heating effects.

Elemental analyses were performed using an Elementar Vario EL Elemental Analyzer. Inductively coupled plasma atomic emission spectrometry analysis (ICP-AES) was carried out with a SPECTRO CIROS VISION emission spectrometer. IR spectra were recorded by the attenuated-total-reflectance (ATR) technique in the range 4000-650 cm -1 using a PerkinElmer spectrometer. The microstructures and the chemical composition were characterized using SEM (Hitachi Regulus 8100, Japan) equipped with an energy-dispersive X-ray spectrometer (EDS, Oxford Ultim Max 65, UK) operated at 20 kV. Hirshfeld surface analyses were performed with CrystalExplorer. 33 Single-Crystal X-ray Diffraction. Single-crystal X-ray data were collected at 123 K with an Xcalibur, Eos, Gemini diffractometer, equipped with a graphite monochromator centered on the path of Cu Kα radiation (λ = 1.54184 Å). A multiscan absorption correction was performed. The structures were solved using the direct method (SHELXS) and refined by full-matrix least-squares on F 2 using SHELXL [START_REF] Sheldrick | A Short History of SHELX[END_REF] under the graphical user interface of Olex2. -S9 - 

Figure 1 .

 1 Figure 1. Single-crystal structure of Fe 0.48 Ni 0.52 and its 1D supramolecular arrangement generated by π•••π interactions (at 123 K, 50% probability thermal ellipsoids). Color code: metal ion, dark purple; N, blue; C, gray; B, yellow; H, light gray.

Figure 2 .

 2 Figure2. Temperature dependence of the χT products (χ being the dc magnetic susceptibility defined as M/H per mole of complex) at 1 T for Fe 0.41 Ni 0.59 , Fe 0.48 Ni 0.52 , and Fe 0.52 Zn 0.48 at a scan rate of 0.65 K min -1 . For comparison, the SCO signature of the pure [Fe( 2Me L)-(NCBH 3 ) 2 ] complex is shown by the gray zone and dotted gray vertical line, which indicates the supposed temperature domain of the thermal hysteresis and its highest temperature limit, respectively.[START_REF] Ye | Slow Dynamics of the Spin-Crossover Process in an Apparent High-Spin Mononuclear Fe II Complex[END_REF] 

Figure 3 .

 3 Figure 3. Left: Thermal variation of the 600 nm reflectivity signal in the dark (constant around 0.85 below 100 K) and after irradiation at 850 nm (2 mW cm -2 ) at different temperatures for Fe 0.52 Zn 0.48 . Right: Time evolution of the 600 nm signal in the dark (50 and 60 K) and during 850 nm irradiations (55-20 K; 2 mW cm -2 ) at different temperatures (reached in the dark at 4 K min -1 ).

Figure 4 .

 4 Figure 4. Left: Comparison of the optical reflectivity spectra at 10 K before any irradiation (blue), after successive 1 h irradiations at 850 nm (brown) and 625 nm (red) for Fe 0.52 Zn 0.48 (10 mW cm -2 ), Fe 0.41 Ni 0.59 (2 mW cm -2 ), and Fe 0.48 Ni 0.52 (5 mW cm -2 ). Right: Time evolution of the 10 K reflectivity recorded at 600 nm during successive 590/625 nm (red) and 850 nm (brown) irradiations, showing the good reversibility and selectivity of the photoswitching for Fe 0.52 Zn 0.48 (2 mW cm -2 ), Fe 0.41 Ni 0.59 (2 mW cm -2 ), and Fe 0.48 Ni 0.52 (4 mW cm -2 ).

Figure 5 .

 5 Figure 5. Temperature dependence of the χT product (measured in the dark and at 0.4 K min -1 ) for Fe 0.41 Ni 0.59 (a; 0.1 T), Fe 0.48 Ni 0.52 (b; 0.1 T), and Fe 0.52 Zn 0.48 (c; 1 T) is shown in gray upon cooling down to 10 K. After cooling down the samples at 10 K in the dark, the red χT vs T data points were obtained after photoexcitation at 650 nm (at 10 mW cm -2 , 1 h) for Fe 0.41 Ni 0.59 (a) and Fe 0.48 Ni 0.52 (b), while for Fe 0.52 Zn 0.48 (c),successive photoexcitations at 830 nm (at 17 mW cm -2 , 7 h) and 650 nm (at 15 mW cm -2 , 30 min) were performed before the magnetic measurements. After cooling down the samples at 10 K in the dark, the brown χT vs T data points were obtained after photoexcitation at 830 nm (at 17 mW cm -2 , 5 h) for Fe 0.52 Zn 0.48 (c) while successive photoexcitations at 650 nm (at 10 W cm -2 , 1 h) and at 830 nm for Fe 0.41 Ni 0.59 (a; at 10 mW cm -2 during 2 h) and for Fe 0.48 Ni 0.52 (b; at 17 mW cm -2 during 5 h) were performed before the magnetic measurements.
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Figure S5 .

 S5 Figure S5. View of the crystal packing for the Ni, Zn, Fe0.41Ni0.59, Fe0.48Ni0.52 and Fe0.52Zn0.48 complexes (obtained from single-crystal X-ray diffraction at 123 K) showing the supramolecular interactions between B atoms and H atoms from the pyridine groups of the 2Me L ligand in the (ab) plane (blue dotted lines). Color code: metal ion, red; N, blue, C, gray; B, yellow; H, light gray.

Figure S10 .

 S10 Figure S10. Left: Selected optical reflectivity spectra for Fe0.52Zn0.48 between 200 and 10 K recorded in the dark in cooling mode and at a scan rate of 4 K min -1 . Right: Thermal variation of the 600-nm optical reflectivity signal recorded at a scan rate of 4 K min -1 when cooling (blue trace) and heating (red trace) in the dark. A spectroscopic white light of 0.08 mW cm -2 has been used for these measurements.

Figure S11 .

 S11 Figure S11. Variation of the absolute optical reflectivity (∆AR) for Fe0.41Ni0.59 recorded at 600 nm and 10 K (after a fast cooling of the sample from room temperature in the dark) before and after excitation with different LEDs (10 minutes, at 2 mW cm -2 ). A spectroscopic white light of 0.08 mW cm -2 has been used for these measurements.

Figure S12 .

 S12 Figure S12. Variation of the absolute optical reflectivity (∆AR) for Fe0.48Ni0.52 recorded at 600 nm and 10 K (after a fast cooling of the sample from room temperature in the dark) before and after excitation with different LEDs (10 minutes, at 2 mW cm -2 ). A spectroscopic white light of 0.08 mW cm -2 has been used for these measurements.

Figure S13 .

 S13 Figure S13. Variation of the absolute optical reflectivity (∆AR) for Fe0.52Zn0.48 recorded at 600 nm and 10 K (after a fast cooling of the sample from room temperature in the dark) before and after excitation with different LEDs (10 minutes, at 2 mW cm -2 ). A spectroscopic white light of 0.08 mW cm -2 has been used for these measurements.

Figure S14 .

 S14 Figure S14. Concentration dependence of the T1/2 temperature for different families of doped SCO complexes from the litterature. 2-5 Copyright 2018 Wiley; Copyright 2017 Elsevier; Copyright 2008 Wiley.

  

  

  

  

  

  

of the Mixed-Metal Materials, [Fe x M 1-x ( 2Me L)- (NCBH 3 ) 2 ] (Fe 0.41 Ni 0.59 , Fe 0.48 Ni 0.52 , Fe 0.52 Zn 0.48 ).

  were added the metal salt (NiCl 2 •6H 2 O or Zn(ClO 4 ) 2 •6H 2 O, 0.1 mmol) and Na[NCBH 3 ] (0.013 g, 0.2 mmol). The resulting reaction mixture was stirred for 10 min, and the precipitate was filtered. Recrystallization from hot acetonitrile gave block crystals in ∼50% yield within a week. [Ni( 2Me L)(NCBH 3 ) 2 ], Elemental analysis calcd for C 18 H 28 B 2 N 6 Ni: C, 52.89; H, 6.90; N, 20.56. Found: C, 53.05; H, 6.85; N, 20.51. [Zn( 2Me L)(NCBH 3 ) 2 ], Elemental analysis calcd for C 18 H 28 B 2 N 6 Zn: C, 52.03; H, 6.79; N, 20.23. Found: C, 52.45; H, 6.65; N, 20.48.Synthesis The mixed-metal complexes were prepared in the same way as the pure materials, but using a mixture of metal salts in solution. The molar ratios of the metal salts were used as follows: Fe II :Ni II = 0.5:0.5 for Fe 0.41 Ni 0.59 , Fe II :Ni II = 0.6:0.4 for Fe 0.48 Ni 0.52 , and Fe II :Zn II = 0.5:0.5 for Fe 0.52 Zn 0.48 . The single crystals were isolated in 50-60% yield within a week. The metal fractions in the final products were determined by inductively coupled plasma atomic emission spectroscopy (ICP-AES) and are indicated in the name codes. Elemental analysis for Fe 0.41 Ni 0.59 , calcd for C 18 H 28 B 2 Fe 0.41 N 6 Ni 0.59 : C, 53.04; H, 6.92; N, 20.62. Found: C, 53.28; H, 6.86; N, 20.77. Elemental analysis for Fe 0.48 Ni 0.52 , calcd for C 18 H 28 B 2 Fe 0.48 N 6 Ni 0.52 : C, 53.07; H, 6.93; N, 20.63. Found: C, 53.36; H, 6.91; N, 20.82. Elemental analysis for Fe 0.52 Zn 0.48 , calcd for C 18 H 28 B 2 Fe 0.52 N 6 Zn 0.48 : C, 52.66; H, 6.87; N, 20.47. Found: C, 52.34; H, 6.69; N, 20.35. All of these Ni, Zn, and Fecontaining complexes show similar IR spectra (diamond ATR, cm -1 ): 2348, 2329 (B-H), 2329, 2259, 2215, 2181(vs, CN), 1608, 1569, 1483, 1444, 1374, 1306, 1118(vs), 1060, 1020, 863, 822, 762(vs), 723.
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