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INTRODUCTION

Nowadays molecule-based materials represent a good alternative to conventional inorganic semiconductor materials for the development of innovative devices as a consequence of their rich tunability of the molecular properties. [1][START_REF] Xin | Concepts in the Design and Engineering of Single-Molecule Electronic Devices[END_REF][START_REF] Vilan | Large-Area, Ensemble Molecular Electronics: Motivation and Challenges[END_REF] Moreover, the processability and the light weight of organic materials permit the production of flexible devices, [START_REF] Kim | Reversible Switching Phenomenon in Diarylethene Molecular Devices with Reduced Graphene Oxide Electrodes on Flexible Substrates[END_REF][START_REF] Bhimanapati | Recent Advances in Two-Dimensional Materials beyond Graphene[END_REF] a key aspect for next generation devices. Spin crossover (SCO) complexes, are molecular compounds able to reversibly switch their physical properties upon application of external stimuli (temperature, light-irradiation, applied magnetic and electric fields, pressure, etc.). This is associated to a switch of the spin state between two magnetic states (low-spin, LS, and high-spin, HS) of a coordinated metal ion. These inorganic complexes have been proposed as active materials in functional devices with reversible magnetic and electrical response. [START_REF] Molnár | Spin Crossover Nanomaterials: From Fundamental Concepts to Devices[END_REF][START_REF] Bartual-Murgui | Spin-Crossover Metal-Organic Frameworks: Promising Materials for Designing Gas Sensors[END_REF][START_REF] Linares | Pressure and Temperature Spin Crossover Sensors with Optical Detection[END_REF][START_REF] Ruiz | Charge Transport Properties of Spin Crossover Systems[END_REF][START_REF] Lefter | Current Switching Coupled to Molecular Spin-States in Large-Area Junctions[END_REF][START_REF] Kumar | Emerging Trends in Spin Crossover (SCO) Based Functional Materials and Devices[END_REF][START_REF] Poggini | Vertical Tunnel Junction Embedding a Spin Crossover Molecular Film[END_REF][START_REF] Poggini | Temperature-Induced Transport Changes in Molecular Junctions Based a Spin Crossover Complex[END_REF][START_REF] Ruben | Sublimable Spin Crossover Complexes: From Spin-State Switching to Molecular Devices[END_REF] To the best of our knowledge, only a few reported studies deal with the integration of SCO materials in electrical and electromechanical devices, [START_REF] Molnár | Spin Crossover Nanomaterials: From Fundamental Concepts to Devices[END_REF][START_REF] Lefter | Charge Transport and Electrical Properties of Spin Crossover Materials: Towards Nanoelectronic and Spintronic Devices[END_REF] since the preparation of high-quality thin films and electronically optimized hybrid architectures is critical. Most studies have been focused on rather thick films of highly insulating compounds that may operate in the hopping regime in order to limit problems associated to the device preparation, such us percolation and short-circuits issues. [START_REF] Lefter | Current Switching Coupled to Molecular Spin-States in Large-Area Junctions[END_REF] However, entering in the domain of spintronics, interfacial phenomena play a crucial role. In this context, it is important to increase the general knowledge on devices based on thinner molecular layers. [START_REF] Cinchetti | Activating the Molecular Spinterface[END_REF] Some of us have previously studied [START_REF] Poggini | Vertical Tunnel Junction Embedding a Spin Crossover Molecular Film[END_REF][START_REF] Poggini | Temperature-Induced Transport Changes in Molecular Junctions Based a Spin Crossover Complex[END_REF] the transport properties of vertical junctions incorporating very thin films of SCO complexes formulated as [Fe(HB(trz)3)2] (HB(trz)3 = tris(1H-1,2,4-triazol-1-yl)borohydride) and [Fe(H2B(pz)2)2(phen)] (H2B(pz)2 = bis(pyrazol-1-yl)borohydride, phen = 1,10-phenanthroline), demonstrating that different transport mechanisms can occur. This has been done by the use of a vertical junction architecture, [START_REF] Poggini | Vertical Tunnel Junction Embedding a Spin Crossover Molecular Film[END_REF][START_REF] Poggini | Temperature-Induced Transport Changes in Molecular Junctions Based a Spin Crossover Complex[END_REF] based on a soft eutectic GaIn liquid top electrode (EGaIn) [START_REF] Chiechi | Eutectic Gallium-Indium (EGaIn): A Moldable Liquid Metal for Electrical Characterization of Self-Assembled Monolayers[END_REF] allowing a gentle contact with ultra-thin films. In this context, we have also recently shown that the ferrous complex [Fe(qnal)2] (Hqnal = quinoline-naphtaldehyde) is an ideal target toward the integration of molecular spin crossover in vertical devices, since it can be deposited as very smooth high-quality ultra-thin films by thermal sublimation while maintaining its bulk properties with a slight shift in the spin crossover temperature T1/2 (ca. 10 K) observed at ca. 220 K. [START_REF] Atzori | Thermal and Light-Induced Spin Transition in a Nanometric Film of a New High-Vacuum Processable Spin Crossover Complex[END_REF] In this paper, we report the development of an Ag//[Fe(qnal)2]//LiF//Au multilayer device to study the mechanism which determine the current flowing across these junctions as a function of the temperature, with the support of gas-phase DFT calculations, electrochemistry, magnetization measurements, synchrotron Mössbauer source (SMS) spectroscopy and focused ion beam scanning transmission electron microscopy (FIB-STEM). LiF was used as an intercalation layer between the molecular film and the top electrode to prevent unwanted short-circuits across the molecular layer and to modulate the work function of the metallic electrodes. [START_REF] Prada | Work Function Changes Induced by Deposition of Ultrathin Dielectric Films on Metals: A Theoretical Analysis[END_REF][START_REF] Braun | Energy-Level Alignment at Organic/Metal and Organic/Organic Interfaces[END_REF] We show that in this device, there is a change in the temperature dependence of current density at the temperature at which the switching between HS and LS states occurs. More precisely, we show that the system is in a low conductance state, with no evident temperature dependence when the compound is in the LS state. When it switches to the HS state, the device then switches to a high conductance state characterized by the presence of thermal activation mechanisms at higher temperature. In addition, the analysis of the current density dependence on applied voltage reveals that the electric transport is described by a transition from space charge limited current (SCLC) with shallow traps [START_REF] Lampert | Volume-Controlled Current Injection in Insulators[END_REF] at low temperature to SCLC with an exponential trap distribution 21 at high temperature.

RESULTS AND DISCUSSION

[Fe(qnal)2] were synthesized following the literature procedures [START_REF] Tisato | Synthesis and Characterization of Technetium(V) and Rhenium(V) Oxo-Complexes with Schiff-Base Ligands Containing the ONN Donor-Atom Set. Molecular Structure of Trans-Dichloro-Oxo[1-(8′-Quinolyliminomethyl)-2-Naphtholato-NN′O] Technetium(V)[END_REF][START_REF] Kuroda-Sowa | Abrupt Spin Transitions and LIESST Effects Observed in FeII Spin-Crossover Complexes with Extended π-Conjugated Schiff-Base Ligands Having N4O2 Donor Sets[END_REF] and the details are reported in Supporting Information and in Methods part (see Synthesis Section, Figure S1 andS2). [Fe(qnal)2] shows a molecular structure in which a hexacoordinated Fe(II) ion features a slightly distorted octahedral coordination geometry (insert in Figure 1). Thanks to four Nitrogen atoms and two Oxygen donor atoms, the qnal ligand field provides an appropriate strength to stabilize the diamagnetic LS state at low temperature (below 150 K), and the paramagnetic HS state at high temperature (above 250 K). [START_REF] Atzori | Thermal and Light-Induced Spin Transition in a Nanometric Film of a New High-Vacuum Processable Spin Crossover Complex[END_REF][START_REF] Phan | A Simple Approach for Predicting the Spin State of Homoleptic Fe(II) Tris-Diimine Complexes[END_REF] The low temperature phase is characterized by an Fe II ion featuring an octahedral coordination geometry which is only slightly distorted by the coordination with the ligand, with average MN(O) distances of ca. 1.94 Å, while in the high temperature phase, the coordination octahedron is highly distorted and associated to longer MN(O) distances, on average ca. 2.11 Å. This is associated to the partial promotion of d-electrons located in bonding/nonbonding orbitals (t2g) to those having an antibonding character (eg) when passing from the low to the high temperature phase. [START_REF] Atzori | Functional Molecular Materials An Introductory Textbook[END_REF] Consequently, the total volume of the unit cell reversibly changes from 1568 Å 3 (low temperature) to 1619 Å 3 (high temperature) without loss of crystallinity.Bulk magnetic measurements of [Fe(qnal)2] (see Figure 1) show an abrupt SCO behavior with a T1/2 (225 + 1 K) [START_REF] Atzori | Thermal and Light-Induced Spin Transition in a Nanometric Film of a New High-Vacuum Processable Spin Crossover Complex[END_REF] close to that reported in the seminal work of Kuroda-Sowa and coworkers (218 K). [START_REF] Kuroda-Sowa | Abrupt Spin Transitions and LIESST Effects Observed in FeII Spin-Crossover Complexes with Extended π-Conjugated Schiff-Base Ligands Having N4O2 Donor Sets[END_REF] Magnetic measurements on a microcrystalline powder of the same complex isotopically enriched in [START_REF] Rassolov | 6-31G * Basis Set for Atoms K through Zn[END_REF] Fe, [ 57 Fe(qnal)2] relies as well in an abrupt transition at 225 + 1 K (see Figure S2). This thermal behavior has been confirmed by the analysis of standard transmission Mössbauer spectra of bulk [ 57 Fe(qnal)2], as reported in Figure 1 (green dots), pointing out a T1/2 = 225 + 4 K. The complete series of the Mössbauer spectra as a function of temperature is reported in Figure S3.

Earlier reports evidenced that [Fe(qnal)2] exhibits the possibility to induce the SCO through lightirradiation (Light-Induced Excited Spin State Trapping, LIESST) at cryogenic temperature ( = 531 nm) in bulk [START_REF] Kuroda-Sowa | Abrupt Spin Transitions and LIESST Effects Observed in FeII Spin-Crossover Complexes with Extended π-Conjugated Schiff-Base Ligands Having N4O2 Donor Sets[END_REF] as well as once it is deposited as a thin film. [START_REF] Atzori | Thermal and Light-Induced Spin Transition in a Nanometric Film of a New High-Vacuum Processable Spin Crossover Complex[END_REF] It was also shown that after a thermal treatment at ca. 460 K at ambient pressure and under high vacuum condition, a release of the crystallization CH2Cl2 molecule leads to the formation of the unsolvated form [Fe(qnal)2], which is accompanied with a modification of the T1/2. [START_REF] Atzori | Thermal and Light-Induced Spin Transition in a Nanometric Film of a New High-Vacuum Processable Spin Crossover Complex[END_REF][START_REF] Kuroda-Sowa | Abrupt Spin Transitions and LIESST Effects Observed in FeII Spin-Crossover Complexes with Extended π-Conjugated Schiff-Base Ligands Having N4O2 Donor Sets[END_REF] SMS spectroscopy study was performed initially on a thick film obtained by dropcasting a concentrated solution of [ 57 Fe(qnal)2] in CH2Cl2 and subsequently on a sublimated film. SMS spectra of the [ 57 Fe(qnal)2] dropcast sample, whose average thickness, evaluated with the SMS fitting, was 360 ± 20 nm, are reported in Figure 2a, evidencing that a complete spin conversion is encountered, as in the bulk (Figure S3). At 290 K, a HS state characterized by an isomer shift 𝜹 = 0.890 + 0.003 mm/s and a quadrupole splitting ∆𝑬 𝑸 = 2.496 + 0.006 mm/s is present, while at 3.0 K a LS state with 𝜹 = 0.381 + 0.001 mm/s and ∆𝑬 𝑸 = 1.198 + 0.001 mm/s is found. The hyperfine values of the HS and LS states are comparable with those found using standard Mössbauer Spectroscopy for [ 57 Fe(qnal)2] in the bulk phase (see Table S1).

Moving to the sublimated 100 nm thick film (Figure 2b), it can be noticed that at 3.0 K there is still a high contribution of HS, exemplified by the persistence in the spectrum of a third line above 2 mm/s. Similar hyperfine values are found for the HS and LS states, although characterized by different Gaussian distributions (see Table S1). Moreover, as one can notice from the fitting of the temperature trend (see Figure S4) the SCO efficiency is of the order of 20 %. A reduction of the SCO efficiency when molecules are deposited on a substrate is not unexpected and can be associated to the interaction with the substrate as well as to a different organization of the sublimated molecules with respect to the bulk phase. [START_REF] Poggini | Surface Effects on a Photochromic Spin-Crossover Iron( Ii ) Molecular Switch Adsorbed on Highly Oriented Pyrolytic Graphite[END_REF][START_REF] Gopakumar | Spin-Crossover Complex on Au(111): Structural and Electronic Differences between Mono-and Multilayers[END_REF][START_REF] Ossinger | Vacuum-Evaporable Spin-Crossover Complexes in Direct Contact with a Solid Surface: Bismuth versus Gold[END_REF][START_REF] Atzori | Thermal and Light-Induced Spin Transition in a Nanometric Film of a New High-Vacuum Processable Spin Crossover Complex[END_REF][START_REF] Ossinger | Spin Transition of an Iron(II) Organoborate Complex in Different Polymorphs and in Vacuum-Deposited Thin Films: Influence of Cooperativity[END_REF][START_REF] Poggini | Room Temperature Control of Spin States in a Thin Film of a Photochromic Iron(Ii) Complex[END_REF] A similar efficiency is encountered after LIESST with  = 531 nm (for 10 minutes with a total power 4 mW, Figures 2c-d) where after the light irradiation at 6.0 K the system reaches a HS fraction of 90 + 6 % (starting from an HS fraction of 70 + 4 % before irradiation) suggesting that the same fraction of molecules that can be converted with temperature can be also switched optically at low temperature. We have previously observed a similar behavior on another SCO compound on the same substrate. [START_REF] Cini | Synchrotron-Based Mössbauer Spectroscopy Characterization of Sublimated Spin Crossover Molecules[END_REF] In order to have a complete picture of the expected functionality of [Fe(qnal)2] in a device, and before assembling a vertical architecture embedding it, we performed gas-phase DFT calculations (see Methods for details) for [Fe(qnal)2] in both spin states and estimated the HOMO and LUMO orbital energies using Koopman´s theorem. [START_REF] Koopmans | Über Die Zuordnung von Wellenfunktionen Und Eigenwerten Zu Den Einzelnen Elektronen Eines Atoms[END_REF] As mentioned earlier, charge transport through thin dielectric films, in general, can occur via a variety of mechanisms. It follows, as we have shown recently, that varying the nature of the SCO compounds in vertical devices can lead to significant changes in the temperature dependent characteristics, as some compounds present clear tunnellike behaviors while others exhibit thermally activated transport. In order to properly describe the occurring processes, it is important to get reasonable estimates of the energy of the molecular orbitals involved in charge transport (in both HS and LS states). Our DFT analysis as expected for Fe(II) complexes, [START_REF] Nijhuis | Mechanism of Rectification in Tunneling Junctions Based on Molecules with Asymmetric Potential Drops[END_REF] evidences that the HOMO orbitals of both states (-4.66 and -4.49 eV, for the LS and the HS states, respectively) are much closer in energy to the tabulated work functions of the Ag (-4.26 eV) and LiFAu (-4.37 eV) electrodes [START_REF] Prada | Work Function Changes Induced by Deposition of Ultrathin Dielectric Films on Metals: A Theoretical Analysis[END_REF][START_REF] He | Affecting an Ultra-High Work Function of Silver[END_REF] (see Figure 3a) than the respective LUMO orbitals (-3.24 and -3.19 eV, respectively). This points out that charge transport in [Fe(qnal)2] is likely to be dominated by hole transport. It is noteworthy that the estimated HOMO energies for [Fe(qnal)2]LS and [Fe(qnal)2]HS, are quite high values when compared with other Fe(II) compounds, [START_REF] Poggini | Vertical Tunnel Junction Embedding a Spin Crossover Molecular Film[END_REF][START_REF] Poggini | Temperature-Induced Transport Changes in Molecular Junctions Based a Spin Crossover Complex[END_REF] and suggest that [Fe(qnal)2] could better act as a conducting layer than other systems previously used to assemble hybrid devices. [START_REF] Poggini | Vertical Tunnel Junction Embedding a Spin Crossover Molecular Film[END_REF][START_REF] Poggini | Temperature-Induced Transport Changes in Molecular Junctions Based a Spin Crossover Complex[END_REF] To ascertain the accuracy of energy estimations, we performed in parallel room-temperature solution electrochemistry experiments (see Figure S5) to get an independent estimation of the HOMO orbital energy of the HS state (that should be populated almost quantitatively at room temperature). The Fe(II)/Fe(III) redox couple was therefore measured to be E1/2 = -0.62 vs. Fc/Fc + in dichloromethane containing 0.1M nBu4PF6 as supporting electrolyte. Assuming that EHOMO ≈ ENHE + E1/2vs.NHE, we extracted a value of -4.52 eV for the HOMO of [Fe(qnal)2]HS which is in excellent agreement with the values calculated by DFT.

As bottom electrodes for the vertical device, we used Ag template-stripped patterned layers which provide high-quality metal-films with a very low roughness. [START_REF] Weiss | Si/SiO2-Templated Formation of Ultraflat Metal Surfaces on Glass, Polymer, and Solder Supports: Their Use as Substrates for Self-Assembled Monolayers[END_REF] This was crucial to limit short-circuits problems that are also often associated to the roughness of the metal films and the inhomogeneities in the molecular film. However, in this case, the latter has been excluded because of the high-quality ultra-thin films of [Fe(qnal)2], as estimated by the AFM analysis (Figure S6) of the deposited material. This analysis evidenced a nice defect-free SCO deposit excluding the presence of pin-holes on the surface and Vollmer-Weber growth (figure S6c) and an RMS roughness of about. 1.1 + 0.1 nm over an area of 23 m 2 . The thickness of the "active" layer of [Fe(qnal)2] deposited on top of the Ag electrodes was about 50 nm (effective thickness equal to 47 nm estimated by an AFM test, see Methods). The stacked devices were completed, as described in the Methods section and reported in Figure S7, with the deposition of a ca. 35 nm thick Au crossbar. To avoid gold percolation through the molecular film that could lead to short-circuits in the final device, a 10nm LiF intercalation layer was evaporated before gold deposition.

One of the devices used for the transport measurements (see below) was a posteriori characterized morphologically by STEM imaging on a lamella, extracted from a device surface using Focused Ion Beam methods. The nature of this procedure enabled the stratigraphic study of this ultra-thin stacks of heterogeneous materials, allowing the precise thickness determination of the single layers and excluding significative interdiffusion among them. In Figure 3b a STEM Dark Field image of the device section is reported. Layer thicknesses have been determined as described in Methods. Electric transport properties of the hybrid devices have been studied connecting the Ag and Au stripes and measuring the current flowing as a function of applied voltages by varying the temperature between 135 and 310 K. Considering the rather good energy alignment between reference values for the work functions of Ag and LiF/Au, [START_REF] Prada | Work Function Changes Induced by Deposition of Ultrathin Dielectric Films on Metals: A Theoretical Analysis[END_REF][START_REF] He | Affecting an Ultra-High Work Function of Silver[END_REF] and the estimated HOMO orbital energies for both [Fe(qnal)2]HS and [Fe(qnal)2]LS (see Figure 3a), the collected data have been analyzed according to SCLC model. [START_REF] Rose | Space-Charge-Limited Currents in Solids[END_REF] SCLC usually occurs when charges are injected from a metallic electrode to a dielectric such as an insulator or a wide-gap semiconductor: at the interface a space charge region arises which controls the current through the medium. For low voltages and low charge injection, electric current is mainly due to free charges present in the dielectric and follows an ohmic behaviour [START_REF] Lampert | Volume-Controlled Current Injection in Insulators[END_REF] :

𝐽 = 𝜎 Ω 𝑉 𝑑 = 𝑒𝑛 0 𝜇 𝑉 𝑑 (1) 
being e the electric charge, n0 the free electron density, μ the electron mobility and d the thickness of the dielectric. When the density of injected charges starts becoming comparable to n0, SCLC injection takes place and, for ideal dielectrics, the current density is described [START_REF] Mott | Electronic Processes in Ionic Crystals[END_REF] by 𝐽 ∝ 𝑉 2 𝑑 3 ⁄ . Actually, real dielectrics are characterized by the presence of lattice defects, impurities, etc. that can give rise to the presence of electron traps, i.e. states inside the energy gap that can capture electrons by removing them from the conduction band and so reducing the current flow.

Taking into account also the presence of electron traps, the relation linking J on voltage depends on the energy distribution of traps. [START_REF] Lampert | Volume-Controlled Current Injection in Insulators[END_REF] In particular we consider the cases of shallow traps and of exponentially distributed traps. In the former, the energy of the traps is close to the edge of the conduction band (Ec -Et << kBT) and J is given by:

𝐽 = 𝜎 𝑆𝑇 𝑉 2 𝑑 3 = 9 8 𝜇𝜀𝜗 𝑉 2 𝑑 3 , 𝜗 = 𝑁 𝑐 𝑁 𝑡 𝑒𝑥𝑝 (- 𝐸 𝑐 -𝐸 𝑡 𝑘 𝐵 𝑇 ) (2)
with  representing the fraction of free electrons obtained as the ratio between the number of states at the bottom of conduction band, Nc, and the number of trap states, Nt.

If the traps present an exponential energy distribution N t (E)=𝑁 𝑡0 exp (-

𝐸 𝑐 -E k B T t
) the current density is described by the equation: 37

𝐽 = 𝜎 𝐸 𝑉 𝑙+1 𝑑 2𝑙+1 = 𝑒𝜇𝑁 𝑐 ( 𝜀 𝑒𝑁 𝑡0 𝑇 𝑡 ) 𝑙 𝑉 𝑙+1 𝑑 2𝑙+1 , 𝑙 = 𝑇 𝑡 𝑇 > 1 ( 3 
)
where the trap distribution temperature Tt is a parameter related to the energy width of the exponential trap distribution kBTt. b )

The J-V curves collected at different temperatures in the range 135 -310 K for one of the devices realized are reported in Figure 4a. All the J-V characteristics, as expected in presence of SCLC, show an ohmic behavior J ~ V at low voltages and a super-linear dependence J ~ V α (α ≥ 2) at high voltages. Linear fits of ln(J)-ln(V) curves in the ohmic region, constraining slope to 1 (see Figure S8), allowed to obtain from the intercept the values of  that, once reported as a function of 1/T (see Figure 4b), revealed the presence of two distinct regimes characterized by a different dependence of  on temperature (labelled I and III in Figure 4b) separated by a transition region (II). In the first range (I, T ≤ 175 K) no temperature dependence is present, indicating that the measured current is due to free-charges present in the material with no contribution of thermally generated free charges. On the contrary, an Arrhenius type activation mechanism is observed in range III (T  230 K) the fit of which provides an activation barrier of  = (304  3) meV. Referring to Equation (1), the temperature trend of  was ascribed to n0, 𝜎(𝑇) ∝ 𝑛 0 (𝑇) = 𝑛 ̅ 0 𝑒𝑥𝑝 (-

𝜙 𝑘 𝐵 𝑇 ),
and  was consequently considered as the activation barrier for thermally generated free-charges.

Furthermore, given the good agreement between the temperature ranges I, II, III characterizing the (T) behavior with the LS-HS temperature dependence of [Fe(qnal)2] (see Figure 1), we link the transport properties observed in interval I and III to the LS and HS states of [Fe(qnal)2]

respectively. The results coming from the analysis of the currents measured at higher voltages revealed also different trends occurring in the temperature intervals I, II and III. For temperatures lower than 175 K the current showed a quadratic dependence on voltage (see Figure S9) in accordance with a presence of shallow traps (Equation 2) while in the temperature ranges II and III a more than quadratic dependence is observed, which is consistent with the presence of an exponential trap distribution. In particular, from Equation 3 it follows that ln(J)=ln ( σ E d 2l+1 ) +(l+1) ln(V) so the slope of a linear fit in a log-log plot (see Figure S10) allowed the determination of the width of the exponential distribution kBTt. The presence of two different energy distributions of traps (shallow and exponential) can be explained as due to the different packing of the LS and HS states for [Fe(qnal)2], and the ensuing different overlap between the aromatic moieties of the ligand in the molecules which are probably crucially associated to the transport mechanism. [START_REF] Kuroda-Sowa | Abrupt Spin Transitions and LIESST Effects Observed in FeII Spin-Crossover Complexes with Extended π-Conjugated Schiff-Base Ligands Having N4O2 Donor Sets[END_REF][START_REF] Ossinger | Spin Transition of an Iron(II) Organoborate Complex in Different Polymorphs and in Vacuum-Deposited Thin Films: Influence of Cooperativity[END_REF] In Figure 5 are reported the values of the trap distribution temperature Tt obtained from the analysis of J-V characteristics in II and III as a function of temperature. For temperature range I, since no trap distribution is involved in transport mechanism, no temperature trap distribution is defined (see Equation 2) so a fictious values Tt = T was considered imposing to Equation 3 a quadratic voltage dependence to resemble that of Equation 2 Magnetization data were corrected for the Teflon TM sample holder and for the diamagnetic contribution as deduced by using Pascal's constants table. [START_REF] Bain | Diamagnetic Corrections and Pascal's Constants[END_REF] Standard transmission Mössbauer characterization. Preliminary Mössbauer measurements on a powder sample of [ 57 Fe(qnal)2] were performed by means of a standard Mössbauer setup in transmission geometry. Mössbauer spectra were collected by means of a Kr-CO2 proportional counter, Fast TM electronics for gamma ray spectroscopy and a Wissel TM spectrometer, which was run in sinusoidal acceleration mode (vmax = 2.7 mm/s or 4.0 mm/s) and calibrated by using a standard metal iron foil. Measurements were carried out between 80 K and 290 K by using a He based Oxford TM flux cryogenic system. The γ-ray source was a 25-mCi [START_REF] Rassolov | 6-31G * Basis Set for Atoms K through Zn[END_REF] Co in rhodium matrix with Lamb-Mössbauer factor f = 0.66, as measured by applying the method described previously. [START_REF] Spina | A Straightforward Experimental Method to Evaluate the Lamb-Mössbauer Factor of a 57Co/Rh Source[END_REF] The intensity of the radiation on the sample, having a focal spot ~ 1 cm 2 , is of the order of 10 4 photons per second. The sensitivity of the setup is limited to bulk samples. [START_REF] Gütlich | Mossbauer Spectroscopy and Transition Metal Chemistry : Fundamentals and Application[END_REF] and monochromatization is achieved via a multi-step optics including the nuclear resonant monochromator obtained with a 57 FeBO3 single crystal. 43,[START_REF] Potapkin | The 57 Fe Synchrotron Mössbauer Source at the ESRF[END_REF] Full width at half maximum (FWHM) of the 57 Fe-resonant line was set at a value approximately three times larger than for a radioactive source (FWHM mean value ~ 0.34 mm/s), obtaining an intensity of about 1.5×10 4 photons per second. The spot size was ca. 18 μm in both dimensions. The radiation is fully recoilless (it does not contain any background), implying f ~ 1. The Mössbauer spectra were recorded by collecting the radiation reflected by the surface in a grazing incidence geometry (about 0.1 degree). This feature, together with the extreme focusing of the beam, provides a thousand-fold amplification factor in the effective thickness (a dimensionless parameter that takes into account the number of Mössbauer active nuclei encountered by the radiation along its path in the sample) with respect to a standard experiment performed at normal or close to normal incidence. Further details can be found in two recent papers in which some of us exploited SMS for the characterization of molecular ultra-thin layer deposits. [START_REF] Cini | Synchrotron-Based Mössbauer Spectroscopy Characterization of Sublimated Spin Crossover Molecules[END_REF][START_REF] Cini | Mössbauer Spectroscopy of a Monolayer of Single Molecule Magnets[END_REF] Samples for this characterization were a 100 nm film of [ 57 Fe(qnal)2] grown on a thick polycrystalline gold film deposited on silicon with a 5 nm Ti adhesion layer (SSENS, Enschede, NL), and as a check against the bulk conventional Mössbauer spectra, a dropcast film of the compound on the same substrate obtained from a dichloromethane solution. The thickness of this sample was evaluated from the effective thickness obtained from the fit of the SMS spectra and comparing it with the one obtained for the 100 nm film (the thickness of the film was determined by AFM). In particular, a ratio of effective thicknesses equal to 3.6 was found, therefore pointing to an average thickness of 320 ± 20 nm for the dropcast. Spectra were measured at different temperatures in the range 3.0 K -290 K using the superconducting Heexchange gas cryo-magnetic system. For the Light-Induced Excited Spin State Trapping (LIESST) measurements, the sample holder was modified in order to accommodate a couple of InGaAsP LEDs (Roithner LaserTechnik GmbH, nominal optical power = 2 mW with 545 nm nominal wavelength, decreasing to 531 nm at 10 K).

Mössbauer data analysis. The SMS spectra were interpreted by means of a fitting procedure based on the evaluation of the transmission integral function. [START_REF] Cini | Synchrotron-Based Mössbauer Spectroscopy Characterization of Sublimated Spin Crossover Molecules[END_REF][START_REF] Cini | Mössbauer Spectroscopy of a Monolayer of Single Molecule Magnets[END_REF] At each temperature, the absorption cross-section of the sample was considered as the superposition of two contributions associated with an HS and a LS state, characterized by different values of the hyperfine parameters (isomer shift 𝜹 and quadrupole splitting ∆𝑬 𝑸 ). Moreover, Gaussian distributions of the LS and HS quadrupole splitting were supposed. A proper fitting of the dropcast and sublimated sample required to include impurity species. Their contribution to the spectra is of the order of 10 % and 20 % for the dropcast and 100 nm thick sample, respectively. The same fitting procedure was used to interpret the spectra of the bulk sample measured with standard Mössbauer spectroscopy, except for replacing in the transmission integral function the line shape of the source and the sample effective thickness with those of the standard Mössbauer setup. [START_REF] Cini | Synchrotron-Based Mössbauer Spectroscopy Characterization of Sublimated Spin Crossover Molecules[END_REF] The core of the fitting procedure is represented by the LMDIF routine of the MinPack library (www.netlib.org). Moreover, the standard deviations on the fit parameters are evaluated from the diagonal terms of the variancecovariance matrix, which is a fit procedure output.

Electrochemical analysis. The electrochemical experiments were carried out using an Autolab PGSTAT101 potentiostat. The experiments were performed under an inert atmosphere of argon using a three-electrode configuration in a single compartment cell. The electrodes consisted of a platinum disc as working electrode, a silver wire coated with silver chloride as reference electrode, and a platinum wire as counter electrode. A 0.1 M solution of nBu4PF6 (Fluka, electrochemical grade) in dichloromethane (Honeywell Riedel-de Haën, purissimum) was used as supporting electrolyte. Standard cyclic voltammetry experiments (Figure S5) and square wave voltammetry experiments (Figure S5) were performed at 25, 50, 100, and 200 mV s -1 , and were done both with and without ferrocene as an internal reference. The potentials are quoted versus the Fc/Fc + redox couple. For the estimation of the ionization potentials, we used the literature value E1/2(Fc/Fc + ) = 0.640 V vs. NHE.

Theoretical modelling. The orbital energies were estimated from density functional theory calculations with the Gaussian09 46 program using the restricted and unrestricted B3LYP functionals [START_REF] Becke | Density-Functional Exchange-Energy Approximation with Correct Asymptotic Behavior[END_REF][START_REF] Lee | Development of the Colle-Salvetti Correlation-Energy Formula into a Functional of the Electron Density[END_REF][START_REF] Vosko | Accurate Spin-Dependent Electron Liquid Correlation Energies for Local Spin Density Calculations: A Critical Analysis[END_REF][START_REF] Stephens | Ab Initio Calculation of Vibrational Absorption and Circular Dichroism Spectra Using Density Functional Force Fields[END_REF] for the low spin and high spin complexes, respectively. The geometry of the complexes were first pre-optimized with the LanL2DZ basis set, [START_REF] Dunning | Gaussian Basis Sets for Molecular Calculations[END_REF][START_REF] Hay | Ab Initio Effective Core Potentials for Molecular Calculations. Potentials for the Transition Metal Atoms Sc to Hg[END_REF][START_REF] Wadt | Ab Initio Effective Core Potentials for Molecular Calculations. Potentials for Main Group Elements Na to Bi[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] followed by a geometry optimization with the 6-31G(d,p) basis set, [START_REF] Binning | Compact Contracted Basis Sets for Third-Row Atoms: Ga-Kr[END_REF][START_REF] Blaudeau | Extension of Gaussian-2 (G2) Theory to Molecules Containing Third-Row Atoms K and Ca[END_REF][START_REF] Rassolov | 6-31G * Basis Set for Atoms K through Zn[END_REF][START_REF] Rassolov | 6-31G* Basis Set for Third-Row Atoms[END_REF] and finally single point energy calculations were performed with the 6-31++G(d,p) basis set. [START_REF] Frisch | Self-consistent Molecular Orbital Methods 25. Supplementary Functions for Gaussian Basis Sets[END_REF] Device preparation. Ultraflat Ag metal stripes were prepared using a combination of a standard lift-off and template stripping processes. A 300 nm thick layer of LOR-3B lift-off resin 
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 55 Figure 5 Trend of the Tt parameter obtained from J-V analysis (black dots) as function of

  photons per second. The sensitivity of the setup is limited to bulk samples.[START_REF] Gütlich | Mossbauer Spectroscopy and Transition Metal Chemistry : Fundamentals and Application[END_REF] Approximately 20.3 mg/cm 2 of [ 57 Fe(qnal)2]•were used for the measurements.
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  photoresist (S1818, Shipley) was then spin-coated on top of the LOR3B at 4000 rpm for 30 s and
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