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In this paper we study the post-synthetic modification (PSM) reaction on solid spin crossover (SCO) [Fe(NH2trz)3]X2 (X = NO3, OTs, Cl, SO4, BF4) complexes with different substrates. The wide access to a diversity of functionalized complexes with imine, amide and carbamide groups from the same amino parent compound demonstrates the synthetic approach value of this method. The asobtained post-synthetic complexes were studied by IR, solid NMR, elemental analyses and powder X-ray diffraction, and compared to the corresponding compounds obtained by direct synthesis (DS) routes. Moreover, after digestion of the complexes obtained by PSM reactions, the free ligands were characterized by NMR in solution, which allowed us to indirectly confirm the formation of complexes we wished to synthesize. The study reveals in numerous cases that a complete post synthetic modification is possible despite the structural cohesion that is established between the 1D coordination chains within these materials. Spin crossover properties of some complexes obtained by both methods are also reported and compared.

Introduction

In recent years the post-synthetic modification (PSM) method has attracted more attention as an efficient tool to perform a chemical transformation on previously synthesized materials such as metal-organic frameworks (MOFs), [1][2][3][4] covalent organic frameworks (COFs), [5] quantum dots, [6] carbon dot, [7] biomolecules, [8][9][10][11] polymers, [12] supramolecular assemblies. [13,14] The term "post-synthetic modification" was first introduced by Cohen and Wang [15] in the PSM of MOF'S as an analogy to protein post-translational modification (PTM). [16] Post-synthetic method can be defined as a chemical modification on a fabricated material rather than using the molecule precursors. In addition, the PSM reaction allows to prepare materials with functional groups that cannot be obtained by a direct approach. [17][18][19][20][21][22] This is illustrated by the preparation of functionalized MOF in which the thermal process required to form the material is not compatible with a diversity of organic functions. The PSM method is also an attractive method for its possibility to create a diversity of materials from the same "parent" material. [23][24][25][26][27] One of the limitation of such synthetic pathway is the fact that it often implies a solid-liquid reaction. In a first approximation, reaction in which all reagents are not in the same phase is expected to be less efficient than one in a homogeneous media. However a large diversity of reported results prove that biphasic reactions smoothly occurs. An advantage of biphasic reaction is that the material can be simply isolated and recovered since it is not in the same phase than other reagents. Therefore the synthesis of a wide variety of molecules is facilitated and this is of particular interest in the fields of catalysis (where the catalytic activity is highly dependent on the structure of the catalyst) and sensors (where the selectivity towards guest molecules could be modulated by the electronic and steric hindrance of the functionalized group on the MOF). [2,17,19,[28][29][30][31][32][33] This strategy allows to have better control in the final material; two important examples of this are: 1) in the biological area; once the protein is biosynthesized, it can be covalently modified on the amino acid side chain or in the backbone of the protein, the phosphorylation being the most common post-translational modification (PTM). [34] 2) in coordination chemistry, to generate co-catalysts associating MOF with multimetal sites to avoid competition between the metal sites, [22,29,35] for example, Neppolian et al. [35] synthesized Ti-MOF complexes and then associated them by the coordination of the amino functional group on the Ti-MOF to transition metals such as Ni or Cu. In addition to the advantages on chemical transformations, PSM reactions can provide a template for the solid state structure, in other words, main features of solid-state structures present in the "parent" materials can be preserved in the functionalized material in contrast with direct methods. [2,26,27,36,37] Finally, Wang et al. [2] demonstrated that the PSM method leads to a more homogeneous material when MOF are incorporated in polymers. Indeed, the authors explain this observation by an increase in compatibility between the MOF and the polymer due to the formation of chemical bonds between the two entities. Even if we have presented some advantages of this method, the PSM strategy has also some limitations, i.e. 1) often final products are less easy to purify than those obtained by direct methods, therefore it is better to have quantitative modifications. As mentioned earlier the biphasic media favors the isolation of the material from the reaction media, in contrast it is difficult or impossible to remove the unreacted part from the final material. This shows the importance to have a quantitative reaction for PSM in order to obtain pure materials. 2) In order to perform the PSM reaction it is necessary that the experimental conditions are compatible with the intermediate complexes.

In this article we postulate that PSM could be a useful strategy for the elaboration of new spin crossover (SCO) compounds. These materials constitute an exciting field due to their interesting and versatile physical properties, [38] and their possible integration into optical and electrical devices. [39] To obtain the desired properties (transition temperature, abruptness, hysteresis loop) both chemical and solid-state structures of the SCO complex are crucial. So the PSM method is an interesting alternative since a large diversity of materials can be obtained from a "parent" material and, possibly, some of the features of its solid-state structure will be retained. Indeed, it is well known that a weak modification of the crystalline network can induce a huge modification of the physical properties due to the modification of the local crystal field and even the disappearance of the spin transition. Moreover, in the context of hybrid materials, this approach could represent an easier method to discover adequate linkers to obtain a synergy between the SCO physical property and other functions such as luminescence. [START_REF] Shepherd | Spin-Crossover Mater[END_REF] Finally, in order to integrate the SCO materials into devices, it is necessary to functionalize them in such a way that the SCO property remain in the material, therefore the PSM method is also an useful tool to address this issue. Unlike stimulus-induced cis-trans isomerization, which is particularly well documented and will not be discussed in this manuscript, PSM reactions induce a change in molecular formula due to the modification of at least one chemical functions of the compound. To the best of our knowledge, few examples using this methodology for SCO materials are described in the literature. They consist of post-functionalization of 3D Hofmann clathrate MOF, [START_REF] Wang | [END_REF]42] a dinuclear iron(III) complex, [43] a Fe II [M IV (CN)8]4-(M = Mo, Nb) cyanido-Bridged Framework, [44] 1D polymeric irontriazole complexes [45][46][47][48][49][50] and of iron poly(pyrazolyl)borate complexes. [51,52] In 2001, Saf et al. [49] published the synthesis of a spin crossover material, for which the last step of the synthesis corresponds to the polymerization of the methacrylate substituent present on the triazole ligand. The work done by Wang et al [47,48]consisted in introducing luminescent properties on an iron-triazole SCO complex by PSM reactions, with different fluorophores like anthracene or pyrene in low yields (up to 15%). Very recently, Costa et al. [50] published a complete PSM method resulting from a reaction between the [Fe(NH2trz)3]X2 (X = OTs) complex and vapors of aldehyde or ketones. Following our previous results [46] for which a complete PSM reaction was achieved on an irontriazole SCO complex [Fe(NH2trz)3](NO3)2 (with NH2trz = 4amino-1,2,4-triazole), we are interested to study the PSM methodology on this family of compounds with a variety of substrates, in order to confirm the efficiency and show the versatility of such approach. We selected this "parent material" since it has a lot of advantages, i.e.[53] 1) well-known and interesting SCO properties (above room temperature with a hysteresis loop); 2) it can be easily synthesized in one step from commercial reactants; 3) it has a NH2 group which is able to react with several reagents. It is important to notice that the main objective of the present paper is to demonstrate the feasibility, the efficiency and the versatility of the PSM approach for spin crossover materials based on the Fe-triazole chain architecture.

Nevertheless, the influence of the PSM method on the spin crossover properties of some of the as-obtained compounds is also reported.

Results and Discussion

Syntheses of complexes

Before detailing the different PSM reactions, it is important to remind that the Fe-triazole complexes used in this work, are composed of one-dimensional polymeric chains. As shown in Figure 1, for simplicity the chains will be schematized and the numbering corresponds to the different counter anions. In order to probe the versatility of PSM on iron-triazole SCO complexes [Fe(NH2trz)3]X2, we made an overview of reactions known for the 4-amino-1,2,4-triazole and we decided to focus our study on the formation of imine, [54][55][56][57][58][59][60][61][62][63][64][65][66][67][68] amide [69][70][71][72][73][74][75][76][77][78] and urea [79][80][81][82] derivatives. To the best of our knowledge, concerning this family of compounds, only formations of imine by PSM methodology were described in the literature. [46][47][48]50] When it was possible we also prepared corresponding materials using the direct synthesis (DS) method in order to ease the characterization of the desired compound.

1.-Formation of imine bond

1.a-PSM of [Fe(NH2trz)3]X2 with aldehydes. In continuation to our previous results, [46] we expanded the study on the PSM reaction of [Fe(NH2trz)3](NO3)2 with p-anisaldehyde (Scheme 1). Scheme 1. PSM on complex 1 with p-anisaldehyde described in the reference [46].

In our previous article, [46] we showed that total PSM reaction, or in other words a full substitution of the amino group into the imine one, can be carried out at 35°C. However to obtain this result a long reaction time was necessary (72 hours). In this manuscript, the same reaction is performed under different experimental conditions (90°C instead of 35°C and microwave irradiation instead of conventional heating). Indeed, we wanted to strongly reduce the reaction time (from 72 hours to a few hours), that's why we decided to increase the temperature of the reaction. Moreover, as microwaves (MW) irradiations are considered as an efficient alternative to the conventional heating, we decided to test the possibility to perform PSM reactions under this activation method.

Our strategy was nicely fruitful because 10 minutes are enough to fully substitute our complex in ethanol at 90°C (Table 1, compound 1a). It is important to note that IR spectroscopy allows us to follow the formation of the imine compound by the appearance of a band at 1601 cm -1 (C=N) and disappearance of the bands around 3500 cm -1 (NH2) (see ESI). The formation of the imine and the full substitution were confirmed notably by solid NMR and elemental analyses (see ESI). [a] obtained from elemental analysis. [b] using 34 eq of the aldehyde. [c] using 3 eq of the aldehyde

Then in order to test the generality of the formation of the imine by the PSM method, the reactivity of complex 1 towards different aldehydes was tested (Table 1). Under the conditions described in the Table 1, full conversion of the NH2 group were also achieved in 10 minutes for ferrocenecarboxaldehyde (1c) and salicylaldehyde (1d). With these conditions not all the reactions reached completion and it was necessary to use up to 3 h of reaction as it is the case for the pyrene derivative 1b'. In the case of o-nitrobenzaldehyde (1f'), increasing the reaction time up to 2 hours did not allow us to observe the formation of the product.

Because the materials are easily separated from the reaction medium, PSM can be performed with a large excess of aldehyde (34 equivalents compared to complex 1). This is an advantage since the use of a large excess of a reagent helps to shift the reaction equilibrium towards product formation. However, sometimes it is not preferable to add a large excess of a reagent, especially when the reagent is expensive, difficult to synthesize or when its solubility is limited. Some of our results demonstrate that even from a stoichiometric amount of aldehyde (3 equivalents compared to complex 1) PSM can lead to quantitative yields (1b' and 1c). It should be noted that these reactions were carried out without particular precautions: absolute ethanol and aldehydes were not distilled before their use, the reactions were not carried out under an inert atmosphere. It is also important to mention that the pure materials were obtained very easily. Indeed, materials were separated from the reaction medium by filtration or centrifugation and their purification only consisted in simple washing to remove the excess of aldehyde followed by drying under reduced pressure. If, from a chemical point of view, one wishes to know whether it is possible to completely modify the precursor material by PSM, we must be aware that having a partial PSM can be also very interesting in relation to the corresponding physical properties. For example, in the case of fluorescent compounds, a 100% PSM results in high proximity of the fluorophores, which could lead to a self-quenching (by intermolecular interaction) or an enhancing (aggregation induced emission) [83] of the luminescent properties of substituents such as pyrene. Nevertheless, it has already been shown [26,47,48] that when the conversion rate is very low, the obtained material retains spin transition characteristics close to those of the precursor material while for intermediate situations a mixture of properties can be observed. It is possible to modulate the percentage substitution in the PSM complex either by the reaction time (as observed with 1-pyrenecarboxaldehyde (1b) or p-tolualdehyde (1g) or by using a substoichiometric number of equivalents of the substrate in the reaction. Thus the different aldehydes tested allowed us to show that the PSM method is influenced by both electronic and steric factors of the groups present on the aromatic skeleton of the aldehyde. In fact, the presence of electron withdrawing groups like for the nitrobenzaldehyde derivatives results in a more stable intermediate (hemiaminal) that leads to a slower dehydration, in agreement with previous studies.[ [84][85][86] On the other hand, the presence of an electron donor group such as the methoxy substituent leads to faster reactions.

To confirm the formation of imine bonds by PSM, we synthesized in a direct way the equivalent complexes a-h using the corresponding imine ligands A-H (Table 2). We consider that the similarity of the IR, the 13 C-MAS and the 13 C-CP MAS spectra of the compounds obtained by the two methods represents an indication of the formation of the desired product by PSM method. [a] obtained from elemental analysis. [b] using 34 eq of the aldehyde. [c] using 3 eq of the aldehyde

As an example, spectra of the compounds 1g' (PSM) and g (DS) are shown in Figure 2, the others are grouped in the ESI. The IR spectra show in particular the same two bands at 1606 and 1537 cm -1 which are characteristic of the C=N bond. The 13 C MAS NMR spectra of the products obtained from the two types of synthetic processes are also similar. Their comparison with the spectrum of the iron complex 1 shows a slight shift in the signal corresponding to the carbons of the triazole rings (from 155 to 148 ppm) as well as the appearance of three new signals at 22.3, 134 and 207 ppm, which correspond to the CH3, the carbons of the phenyl substituent and the C=N, respectively. In conclusion, the spectra of the complex 1g' are similar to the spectra of the complex g, confirming the formation of the imine function using the PSM method. In general, the analysis of the spectra of compounds reported in Table 2 reveals the formation of the desired product. Moreover, the same trends are observed for the direct and the PSM methods (Table 2). For example, in both cases, yields of the syntheses from p-nitrobenzaldehyde are less good than the one observed for reactions from p-anisaldehyde. With the exception of o-nitrobenzaldehyde, the formation of C=N bonds from complex 1 does not appear to be more difficult than the Schiff base formation from the 4-amino-1,2,4-triazole ligand. In the cases of complexes obtained from nitrobenzaldehyde, the direct synthesis is more interesting than the PSM methodology, since by the latter, the pure compounds cannot be obtained. In all the other cases presented in Table 2, the PSM method is more attractive since the complexes are obtained quantitatively from complex 1 while by the other pathway, compounds are obtained with low to moderate yields. The ability to synthesize a variety of imines in a single step from the same precursor, the short reaction times and the ease of isolating the products are additional advantages in favor of the PSM method.

Although not shown in the tables, we tested the reactivity of complex 1 on butyraldehyde (Scheme 2). In this case, the obtained material is soluble in the reaction medium. The raw material was isolated in solid form after concentration of the solution and addition of diethyl ether. The isolated material was not pure (presence of aldehyde) but the formation of the C=N bond is indisputably observed by IR (Figure S14). Even after washing it several times with diethyl ether, aldehyde was always present in the material. The ubiquitous presence of aldehyde and the reappearance of the characteristic IR band of NH2 and C=O suggest that the product was partially hydrolyzed during the washes. Thus, the desired complex was synthesized but could not be obtained pure due to its low stability. It is very well known that aliphatic imines hydrolyze more easily than aromatic ones. [87] However, the formation of this complex could not be observed by the direct method.

Scheme 2. PSM reaction with butyraldehyde and the complex 1

Finally, we decided to study the effect of the nature of the iron complex counter-ion as well as the nature of the solvent on the yields of the PSM reaction for the p-anisaldehyde substrate (Table 3). The modification of the counter-anion has an important effect on two parameters: the structural organization of the complex via specific supramolecular interactions between the Fe-triazole chains and the reactivity of the iron atom. [88] A priori, when these chains are more spaced in the complex, the contact between the aldehyde and the NH2 function should be enhanced, facilitating the reaction. On the other hand, the reactivity of the iron atom is also impacted by changing the counter-anion, which influences the metal-ligand distances. [53] The nature of the solvent will also have an effect on the molecular arrangements of the iron complex.

Even without going as far as solubilization of the material, depending on the solvent used, the intermolecular interactions between the complex chains may be (partially) broken. Dispersion of complex chains is more likely to be observed when polar protic solvents are used. # solvent X ethanol [a] diethyl ether [b] toluene [a] THF [a] DCE [a] IRC=N (cm -1 )

NO3 - 100% [c] No reaction No reaction No reaction No reaction 1601, 1512 -OTs 100% [c] 16% [c] 100% [c] 65% [c]
100% [c] 1601, 1512 SO4 2- No reaction very low [d] very low [d] No reaction No reaction 1601, 1512 BF4 - 21% [c] very low [d] very low [d] No reaction No reaction 1606, 1515 Cl - 17% [c] very low [d] very low [d] very low [d] very low [d] 1606, 1514

[a] 34 eq of p-anisaldehyde at 90°C for 10 min in the microwave. As expected, yields are strongly influenced by the nature of the iron complex counter-anion (Table 3). Under the best conditions, only traces of imine are observed from the iron sulfate complex.

In ethanol, iron tosylate and nitrate derivative complexes give the best results. For the different SCO complexes with the formulae [Fe(NH2trz)3]X2 where X=NO3 -(1), BF4 -(4) and Cl -(5), yields above 15% are only observed in ethanol. The iron tosylate complex seems to be an exception. Even if the yields are lower in diethyl ether (but in this case, we also had to modify the reaction temperature) and in THF, the product is obtained quantitatively whatever the nature of the solvent used (ethanol: protic polar, dichloroethane: aprotic polar, toluene: aprotic apolar). Thus, in the following, we mainly focused our study on the tosylate iron complex 2.

1.b-PSM of [Fe(NH2trz)3]X2 with ketones.

The formation of the imine bond is in general much more complicated from ketone than from aldehyde. We started this study by reacting the iron complexes [Fe(NH2trz)3](NO3)2 ( 1) and [Fe(NH2trz)3](OTs)2 (2) with o-methoxyacetophenone without success although the presence of the methoxy group should activate the ketone function (Scheme 3). Subsequently, we decided to study the reaction from p-hydroxyacetophenone. This ketone has two advantages over the previous one: hydroxy is a better mesomeric donor group than methoxy so it should activate the ketone function more strongly. In addition, the fact that the substituent is in the para position and no longer in the ortho position reduces the steric hindrance of the molecule. In order to facilitate the formation of the C=N bond, the temperature of the reaction was increased (from 90 to 150°C using MW), the reaction time was extended (from 30 minutes to 12 hours) and, in some cases, p-toluenesulfonic acid was added to catalyze the reaction.

All these attempts were unsuccessful, the formation of imine (even in low yields) was never observed. Finally, we tested the reactivity of the complex [Fe(NH2trz)3](OTs)2 (2) with cyclohexanone in toluene, as shown in Table 4. In this case, the formation of the C=N bond begins to be significantly visible after 30 minutes at 150°C (2j'), see IR spectra in Figure 3. The reaction is complete in 1 hour. However if the reaction is left for 2 hours at 150°C, the IR spectrum of the material is very different, suggesting that the complex has decomposed. It is very important to point out that we have not been able to synthesize the latter material using the direct method, probably due to hydrolysis of the imine as it has been stated previously. [57,89] [a] Destruction of the complex Thus the NH2 function of the iron complex can react selectively with aldehydes, and not with aromatic ketones. This selectivity is useful, when a more complex molecule with more than one functional groups susceptible to nucleophilic additions is used as a reagent, which in our case will react only to one site of addition.

The exemplary effect of cyclohexanone to increase its reactivity due to the strain associated with its ring strain was used to synthesize material 2j'' by PSM. [START_REF] Smith | March's Adv. Org. Chem[END_REF][START_REF] Kharasch | [END_REF] This is yet another result showing the importance of the PSM approach because, in our hands, the latter material could not be formed using the direct method.

2.-Formation of urea derivative (carbamide group)

The synthesis of urea derivative is particularly suitable for the PSM method. Indeed, these derivatives are smoothly obtained by reaction of a NH2 function on an isocyanate group. Moreover, water is the only by-product of this reaction which is very advantageous for PSM, as the water will not decompose or lead to secondary reactions with our material. This specific reaction cannot be carried out in ethanol, as the alcohol also reacts with the isocyanate group. The model used is the PSM reaction of the complex [Fe(NH2trz)3](OTs)2 (2) with phenyl isocyanate (Scheme 4).

Scheme 4. PSM reaction with phenyl isocyanate and complex 2.

Heating to 150°C in toluene is necessary to induce the formation of the carbamide function. When the reaction is left for half an hour at 150°C, the reaction is not complete according to the IR spectroscopy which indicates that amino substituents remain (IRNH2: 3500 cm -1 ) as well as the presence of carbamide groups (IRCONH: 1731 cm -1 , Figure S16). The PSM is complete in 2 hours at 150°C (2k).

The presence of the carbamide group in the post-synthetic complex was confirmed by synthesizing the complex k by DS (Scheme 5) using the phenyl urea ligand and comparing the IR and the 13 C-MAS and 13 C-CP MAS NMR.

Scheme 5. Synthesis of the phenyl urea ligand (K) and its corresponding complex (k).

As with the synthesis of imine from aldehyde, the formation of the carbamide function by PSM method was successful and demonstrates the versatility of such synthetic approach. Again, the short reaction time, the ease of isolating the pure material and the simplified access to a family of molecules are important advantages that make the PSM approach more attractive than the direct synthesis method.

3.-Formation of amide bond

The amide bond is one of the most widely used organic connections in synthesis. Classically, they are formed from acid anhydride or acyl chloride. The formation of the amide bond is well adapted for the considered PSM. Indeed, the possibility of forming this type of connection by PSM, would allow the synthesis of a large diversity of materials. Moreover, unlike imine or carbamide, amide formation generates by-products that could react with the iron complex.

3.a-PSM of [Fe(NH2trz)3](OTs)2 with acetic anhydride.

As evoked before, acetic acid is a by-product of the PSM reaction with acetic anhydride (Table 5). The presence of acetic acid in the medium could: 1) protonate the nitrogen ligand leading to its decoordination; 2) promote oxidation of the iron complex (and all the more with high reaction time, high temperature and presence of oxygen); 3) lead to an anion exchange of the iron complex. In addition, acetic anhydride, acetic acid or acetate are potential ligands for iron, which could lead to ligand exchange in the coordination sphere of the metal. On the one hand, with the PSM reaction, even if amide bond formation is observed at room temperature for any solvent used, its formation is too slow to be exploitable (after 96 h (2l) a weak peak in the IR spectra at 1710 cm -1 is observed). On the other hand, under too drastic conditions (150°C with MW during 2h, 2l'Tol and 2l'Anh; with a pressure tube during 12h, 2l''Anh) the product decomposes (Table 5). Thus, there were two possibilities: to carry out the reaction at an intermediate temperature between room temperature and 150°C or to carry out the synthesis at 150°C and reduce the reaction time.

Both strategies gave interesting results. Indeed, in 30 minutes at 90°C (2l''Tol) the reaction is incomplete but the formation of the amide bond is observed and the yield is higher than that of the reaction at room temperature (2lTol). If the reaction is left for 2 hours at 90°C (2l'''Tol), the IR band of NH2 is no longer observed which seems to indicate that the PSM is complete. On the other hand, performing the reaction for 30 minutes at 150°C (2mTol) is ideal because the PSM reaction is total and no decomposition of the material is observed. Interestingly, while NMR and IR analyses show in both cases the indisputable formation of amide bonds, the IR spectra are significantly different suggesting that the products obtained at 90°C and 150°C are not equivalent (Figure S18). We thought that at 90°C, the reaction would stop at the monoacetylated product and continue toward the diacetylation upon heating at 150°C (Scheme 6). In order to verify our hypotheses, the direct synthesis of the complex (l) from the monoacetylated ligand was performed at room temperature. The IR and NMR spectra of the complex obtained by PSM reaction at 90°C (2l"'Tol) are quite similar to those of the complex synthesized by the direct method (Figure S18). The IR and NMR spectra of the PSM reaction at 150°C (2mTol) are in agreement with the formation of an amide bond. In addition, the elemental analyses are consistent with a quantitative formation of the diacetylated derivative (Figure S18). Furthermore, as reported in the literature, [92,93] when the reaction between 4amino-1,2,4-triazole and acetic anhydride was carried out at 150°C, the 1 H NMR of the crude reaction indicates the presence of both the mono-and the diacetylated ligands (Scheme 7).

Scheme 7. Synthesis of the monoacetylated ligand and its corresponding complex (l).

Thus, our analysis clearly indicate that different pure products can be obtained when doing the PSM at two different temperatures.

The possibility of selectively obtaining one or the other of these materials is an advantage of the PSM method, especially since, in our hands, the formation of the diacetylated material by the direct method was not conclusive (due to difficulties in separating the diacetylated ligand from the monoacetylated ligand).

3.b-PSM of [Fe(NH2trz)3]X2 with Succinic anhydride

The PSM reaction of [Fe(NH2trz)3]X2 with succinic anhydride was first done under microwave irradiation at 90 °C during 10 min in toluene (Scheme 8). This reaction only results in a very partial modification even if the time is increased up to 4 h, as seen in the IR spectra with the IRC=O mode at 1710 cm -1 . When heated at 150 °C during 20 min, the IR spectra is comparable with that observed when heated at 90°C for 2h, with a small new band that appears at 1752 cm -1 . When keeping this temperature for 2h, a drastic change is observed in the IR spectra with the band at 1752 cm -1 that now dominates the spectra in this range. The reaction seems to be complete in 2 h due to the lack of bands of the amino group in the IR spectrum, this was confirmed by elemental analyses. Although the PSM reaction is complete, the IR shows two different bands in the carbonyl region (1752 cm -1 and 1727 cm -1 ). As observed for the acetic anhydride case, the product seems to depend on the temperature of the reaction. Thus, we had envisaged that the reaction at 90°C would provide the material with the succinic acid substituent (2n) whereas at 150°C, the succinimide substituent (2o) would be favored. However, even after 4 h of reaction the succinimic acid is not transformed completely into the succinimide complex, probably due to steric hindrance which prevents the full transformation in the complex (Scheme 8). It should be noted that it is possible by PSM to reversibly switch in between the mixture 2n and 2o (main product) and the succinamic acid complex (2n). Indeed, if the mixture of 2n and 2o is stirred in water during 24 h then the pure succinamic acid complex (2n) is obtained and, reciprocally, heating at 150 °C during 4 h the complex 2n lead to the formation of the mixture 2n and 2o (Scheme 8). Moreover, the direct method synthesis of these two complexes was tested at room temperature (Scheme 9). While the synthesis of the complex (n) from the succinamic acid ligand (N) went smoothly, it is interesting to note that from the succinimide ligand (O), a mixture of two complexes is obtained, the main product being the unwanted succinamic acid complex (n) for which it is observed a huge band at around 1700 cm -1 in the IR spectrum (Figure 4). Thus under the experimental conditions used for the formation of the iron complex, the ligand and/or the succinimide complex is hydrolyzed. To conclude, the direct method does not allow to obtain the succinimide substituents, while for the PSM reaction, it is mainly formed but not pure (due to the presence of succinamic acid substituents). Moreover, a material with 100% succinamic acid (n or 2n) was obtained efficiently from both methods. For the latter material, the two methods are synthetically equivalent (two steps, similar yields and reaction times). Finally, by PSM method it is possible to switch reversibly from a material with 100% succinamic acid substituent (2n) to a material with majority succinimide functions (2o).

3.c-PSM of [Fe(NH2trz)3]X2 with phthalic anhydride

The post-synthetic reaction with phthalic anhydride was performed using the best conditions observed for 2o (at 150 °C for 2 h in toluene), but in this case this was not enough to have a complete PSM as observed in the IR spectrum where the carbonyl band is located at 1755 cm -1 (Scheme 10 and Figure S24). Even after 12 h of reaction, only 66% substitution was achieved. Indeed, as it is well known, the phthalic anhydride requires harsher reaction conditions and longer reaction times compared to the succinimic anhydride. To complete the study, as it was done with the succinic anhydride, both the phthalamic acid (Q) and phthalimide ligands (P) were synthesized in order to obtain their corresponding complexes by DS. The phthalimide ligand (P) was always hydrolyzed during the synthesis of the complex, resulting in the phthalamic acid complex (q) as shown in Scheme 11. The IR as well as the 13 C-MAS and 13 C-CP MAS NMR spectra of the complex were compared with those obtained by the PSM method (Figure S24, S47, S48).

Scheme 11. Synthesis of the phthalamic acid (Q) and phthalimide ligands (P) and the complex q.

Although the conversions observed by PSM reactions are not complete, the results obtained on phthalimides confirm the observations made from succinic anhydride. There is a complementarity between the DS and PSM strategies. By the direct method only the material with phthalimic acid functions (q) is obtained (with a low yield), whereas a product containing phthalimide functions (2p) is obtained using the PSM methodology. Interestingly the results concerning the formation of amide bonds show that iron complex 2 may be compatible with the use of experimental conditions combining high temperature and the presence of carboxylic acid. This stability of the complex encouraged us to continue the study by testing similar PSM reactions in the presence of acyl chloride.

3.d-PSM of [Fe(NH2trz)3]X2 with acetyl chloride

Being able to create amide bonds from acid anhydride is interesting, but being able to synthesize amides from acyl chloride would further increase the synthetic capacity of the PSM methodology (acyl chlorides are more accessible than acid anhydrides). The problem is that hydrochloric acid is formed during this reaction. The latter could protonate our ligand and thus cause its decoordination. As we had imagined, adding a few drops of an aqueous solution of hydrochloric acid to a suspension of the iron complex 2 in ethanol immediately leads to the solubilization of the material as well as to a dark yellow coloration of the solution. Amide formation is often achieved from an excess of amine over the acyl chloride. When this is not possible, the reaction is carried out in the presence of a base such as triethylamine or pyridine which will react with the hydrochloric acid that may form. We chose to use triethylamine as the base because pyridine is a good ligand for iron. As preliminary tests we checked that triethylamine and triethylammonium chloride did not react with the iron complex.

When PSM reaction on complex 2 with acetyl chloride (Scheme 12) is performed in the presence of triethylamine, amide bond formation is not observed. On the other hand, we observed that the reaction performed in the absence of triethylamine (r.t. for 24 h) leads to amide formation (sample 2r), as seen in the IR spectra with the IRC=O mode at 1716 cm -1 , without visible decomposition of the product. The IR spectra of this compound is very similar to those of the PSM and DS complexes obtained with acetic anhydride, but is not perfectly identical (Figure S18). This result shows that it is possible to synthesize an amide by PSM reaction under mild conditions and from acetyl chloride. One can be reasonably optimistic that these conditions can be adapted to synthesize a variety of amides from other acyl chlorides. This is all the more important since, as mentioned earlier, amide bonds are among the most commonly used connectors and are often synthesized from acyl chlorides.

Scheme 12. PSM reaction on complex 2 with acetyl chloride.

4.-Summary of the synthetic part

It is important to be aware that in order to achieve the advantages of the PSM method, certain difficulties must be overcome: 1) it is necessary to confirm the presence of the expected functional group on the complexes. This has been made possible by combining the various chemical analyses available for the different products (IR, solid state NMR, elemental analysis) and comparing them, when possible, with the complex obtained by the direct method. Thus, the direct method has been of great help in determining the nature of the chemical bond obtained by PSM reaction. 2) Very often the modification of the NH2 function of the iron complex was carried out under different conditions from those used to obtain the corresponding ligand from 4-amino-1,2,4triazole. Thus, the PSM reaction on the iron complex was not just a transposition of the experimental conditions described in the literature for the molecular precursor, but required a reaction study for each family of compounds formed.

3) The formation of amide bonds as well as of the carbamide group was carried out using the iron complex with the formula [Fe(NH2trz)3]X2 where X=OTs. It is not obvious that such positive results could have been obtained from all the other iron complexes ([Fe(NH2trz)3]X2 where X=NO3 -, BF4 -, Cl -…). In case the reaction could not be carried out from the iron complex with the desired counter ion, an alternative to be considered is to carry out the reaction with the tosylate iron complex and then through metathesis, to exchange the anion as reported before. [45] The diversity of new materials that could be obtained from the iron complex 1 and 2, and the stability of the latter under different experimental conditions, make these results very encouraging. The PSM methodology can probably be applied to hybrid materials combining 4-amino-1,2,4triazole ligands with other modified triazole ligands. In some cases, it would not be surprising that better results for PSM would be obtained since the presence of the other type of ligand would space out the 4-amino-1,2,4-triazole in the complex and thus allowing the steric limitations caused by the proximity of the NH2 functions to be reduced. As shown in Figure 5, a variety of materials could be synthesized using a post-synthetic method from [Fe(NH2trz)3]X2 (X = NO3 or OTs) complexes. It is interesting to note that in the case of the PSM reaction from acetic anhydride, and in contrast with the direct synthesis method, it is possible to control the nature of the product by carrying out the synthesis at the appropriate temperature (see Table 6). Furthermore, an example of reversible change of the chemical structure of the material's substituents by PSM reaction has been shown (case of products with succinamic acid/succinimide functions). As illustrated by the study of imine formation from aldehydes, it is not unreasonable to hope that a diversity of molecules can be synthesized rapidly by slightly adapting (e.g. change in reaction time) the PSM conditions developed for the formation of one compound of the same family. This rapid access to a family of materials as well as the ease of isolating them from the reaction medium makes PSM approach very attractive for this family of compounds. These first results raise important questions about two distinct aspects of the PSM approach on complexes 1 and 2. The first question is related to the possibility of carrying out a complete PSM for these 1D chain-based coordination polymers instead of a sole surface modification leading to core-shell type structure. It is important to remember that the reaction takes place between a solubilized substrate and an iron complex in the solid state, whose molecular arrangement determined by X-ray diffraction is rather compact without important void. [START_REF] Grosjean | Matériaux Polymériques 1D à Transition de Spin : Investigations Structurales Multi-Échelles[END_REF] To confirm the completeness of the PSM, two different analyses were performed (ligand exchange and digestion of the complexes, see S74 and S75) which were in agreement with a full PSM.

The second question is related to the SCO properties of the materials synthesized using the PSM methodology. We have demonstrated that a variety of compounds can be efficiently synthesized by PSM reactions, but do the materials formed using the PSM approach have the same crystalline structures as those obtained by the classical method? This question is all the more important since it is well known that the Spin Crossover properties are strongly influenced by the intermolecular arrangement of the materials. The following sections will provide elements to address these two issues. The completeness of the PSM reaction was also confirmed by powder X-ray diffraction measurements on different samples. Figure 6 shows the diffractogram obtained at room temperature for the parent sample [Fe(NH2trz)3](NO3)2 1 with those obtained for DS and PSM methods. As already reported, the diffractogram for 1 indicates that the sample presents a high crystallinity in comparison with other derivatives of the same family of compounds. [START_REF] Grosjean | Matériaux Polymériques 1D à Transition de Spin : Investigations Structurales Multi-Échelles[END_REF] In this case, such crystallinity is obtained for samples incorporating a limited number (< 1) of included water molecules. Clearly, both DS and PSM complexes have different crystallographic structure in comparison with the parent sample 1 and any traces of the latter could not be observed. The sole difference observed between the diffractogram of DS and PSM samples is the width of the Bragg peaks. This observation, certainly related to the level of crystallinity (although a variation of the size of the coherent domains is not excluded) is associated with a significant modification on the spin crossover properties (see magnetic measurements hereafter). Comparing the level of crystallinity of the different corresponding DS and PSM complexes, a general rule cannot be established but some tendencies seem to depend on the nature of the triazole ligand.

For bulky ligands, the DS and PSM complexes show similar crystallinity (b, 1b' from pyrene; c, 1c from ferrocene). For not bulky ligands with para substituents, the PSM complexes (1a, 1g') are more crystalline than the DS complexes (a, g) while for not bulky ligands with ortho substituents, the DS complexes (d, h) are more crystalline than the PSM complexes (1d and 1h'). These results can be explained by the fact that in the PSM method, during the functionalization of the starting complex 1 the integrity of the solid-state structure is not severely compromised for bulky ligands with para substituents; but this is no longer obvious for substituted ligands in ortho position, which requires a reorganization of the solid-state structure. Moreover, for bulky ligands, a total reorganization must take place resulting in diffractograms that are quite similar for both PSM and DS methods.

What are the spin crossover properties of complexes obtained by PSM reactions?

In order to probe the influence of the synthetic method on the spin crossover properties of the complexes, variable-temperature magnetic measurements were performed on selected samples (see Figure 7, S66-S71). For the pyrene derivative complexes b and 1b', whatever the synthetic method used, no spin crossover behavior could be measured in the 20-380 K range. In the case of the ferrocene derivative complexes c and 1c, a similar incomplete (half) and gradual transition in between 225 and 50 K was evidenced. Such behavior could be explained by the steric hindrance of the ferrocene entities, which seems to drastically reduce the cooperative interactions between the Fe-triazole 1D chains. Moreover, as already reported for a similar amino complex, the slight decrease of MT at very low temperaures (< 50 K) could be due to weak antiferromagnetic exchange occurring between adjacent iron(II) centres in the 1D-chain.[95] 7). Compared to the parent complex 1 which presents an hysteretic abrupt transition of T1/2↓ = 308 K and T1/2↑ = 338 K, the PSM complexes present a transition with T1/2 of 191 K (1d), 218 K (1g') and 205 K (1h'); while the DS complexes present a more gradual and less complete transition with T1/2 of 195 K (d), 176.5 K (g) and 160 K (h). However, in agreement with the powder diffraction data, the more crystalline sample 1g' resulting from the PSM method presents a more complete transition with higher temperature transition T1/2 = 218 K versus the g complex (T1/2 = 176.5 K). These results are in line with those obtained for the complexes synthesized with p-anisaldehyde (a and 1a). [46] In this latter case and even more markedly, the lower cristallinity of the sample obtained by the DS method is associated with a very incomplete conversion. However, although for salicylaldehyde and otolualdehyde derivatives the more crystalline samples were the DS complexes d and h, the spin transition is more abrupt and complete in the PSM complexes 1d and 1h'. The MT values measured at room temperature suggest the presence of a residual LS fraction, which is systematically larger for the DS approach in comparison with the PSM method. In order to determine more precisely the HS residual fraction at low temperature we performed the Mössbauer analyses of PSM and DS complexes at 80 K, which confirmed also the presence of both HS and LS states for the different complexes in agreement with the obtained magnetic measurements (Figure 8 and Table 8). Interestingly in any of the measured samples, the residual HS fraction at low temperatures could be attributed to a shortening of the starting polymeric chain, as it is known that the iron atoms located at the end of the chains remain in the HS state. However the LS to HS ratio (see Table 8) provides enough evidence for the lack of very short oligomer or trinuclear species as reported for other compounds. [64,[96][97][98][99][100][101][102] However for the DS complex g, the presence of an additional HS doublet is observed and could be associated with short oligomers or clusters in agreement with already reported results for similar compounds. [START_REF] Scott | [END_REF] For the DS complex d the additional doublet can be attributed to a bis-(salycilaldimine) Iron(III) species. [START_REF] Greenwood | Mössbauer Spectroscopy[END_REF] Thus, the PSM method permits to avoid the formation of side products and seems to favorize the formation of the polymeric species in comparison with the DS method. In fact, the polymeric nature of the starting amino derivative permits to maintain the general structure of the final product even if X-ray powder diffraction analyses show different structural phases. The less complete and gradual spin conversion observed for the final product is in line with the insertion of more bulky ligands.

Conclusion and perspectives

Due to their robustness and compatibility with experimental conditions, a variety of products has been synthesized from irontriazole complexes [Fe(NH2trz)3](X)2 (with NH2trz = 4-amino-1,2,4-triazole and X : NO3, OTs, BF4, Cl) by PSM reactions. The completeness of the PSM reaction has been clearly evidenced by conventional methods like elemental analyses, IR, NMR, powder and X-ray diffraction, but also using ligand exchange reaction and digestion of the products in basic conditions to quantify the ligand transformation. We are working on complementary experiments to understand the specific mechanisms involve in such complete modification of materials composed of 1D chains with no significant porosity. Nevertheless, we believe that the specific organization of the 1D chains of certain complexes that depend on the nature of the counter-anion (specific steric hindrance and supramolecular interactions) and which is more or less modulated in suspension by the nature of the solvent, is sufficient to permit a full substitution. This hypothesis is supported by different results described in the literature: 1) it is well known that molecules can be inserted between 1D polymer chains; [START_REF] Dutta | [END_REF][105][106] 2) different examples of PSM on polymers [107,108] and on montmorillonite sheets [109] have been also reported 3) full PSM modification in Fe-triazole chains has been already reported for solid vapor reactions. [50] The study of the spin crossover properties is also in line with a complete PSM reaction. Through the Mössbauer measurements for the different samples, we observed that at 80 K the majority of the iron centers are in the LS state, in agreement with the variable-temperature magnetic measurements. The limited residual HS fraction could be explained by defects and/or by the presence of the bulky ligands which favorize anticooperative interactions in the network even if the reduction in the length of the polymeric material cannot be excluded. However, all measurements performed in this study are not in agreement with the presence of trinuclear species from the PSM pathway. We have shown that the PSM approach can lead to compounds with more or less important crystallinity in comparison with the DS method and offer the possibility to obtain new spin crossover properties. These results clearly demonstrate that iron-triazole complexes [Fe(NH2trz)3]X2, which are highly studied due to their interesting spin crossover properties, are also excellent synthetic precursors. Moreover, post synthetic method has clearly been under-used in the field of Spin Crossover and its potential extends far beyond imine formation. Indeed, in this study we were able to obtain also new complexes with carbamide group and amide bond. This synthetic strategy has undeniable advantages such as easy isolation of the product or the possibility of efficiently producing a wide range of compounds from the same material precursor. It is also very important to point out that we have been able to synthesize new compounds, which are not accessible using the direct method. These advantages make the PSM method very attractive in the field of Spin Crossover as it could facilitate the discovery of materials with the desired properties.

Experimental Section

Material and equipment

Commercial reactants and solvents were used directly without further purification. The 13 C CP-MAS NMR and 13 C MAS NMR were recorded on a Bruker Avance 400WB instrument operating at 100.49 MHz. 1 H NMR and 13 C NMR spectra were obtained at 298 K in CDCl3, CD3CN, CD3OD, DMSO-d6 or D2O as internal reference and were recorded on a Bruker Avance 300 or a Bruker Avance 400, chemical shifts are reported in parts per million (ppm). Infrared spectra were recorded on a Perkin Elmer 1725 Spectrometer. Elemental analyses were performed by the "Service de Microanalyse du Laboratoire de Chimie de Coordination" (Toulouse, France) using a Perkin Elmer 2400 serie II Instrument. Variabletemperature magnetic susceptibility data were obtained at cooling and heating rates of 4 K min-1 under a field of 1 kOe using a Quantum Design MPMS magnetometer. Powder X-ray diffraction patterns were recorded using a Panalytical X'Pert equipped with a Cu X-ray tube, a Ge(111) incident beam monochromator (λ = 1.5406 Å) and an X'Celerator detector. Thermogravimetric analyses (TGA) data were acquired using a Perkin-Elmer Diamond thermal analyzer. 57 Fe Mössbauer spectra have been recorded using a conventional constant-acceleration-type spectrometer equipped with a 50 mCi 57 Co source and a liquid nitrogen cryostat; leastsquares fittings of the Mössbauer spectra have been carried out with the assumption of Lorentzian line shapes using the Recoil software.
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 1 Figure 1. Schematic representation of the 1D polymeric amino-triazole complexes.
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 2 Figure 2. IR and 13 C MAS NMR spectra of complexes 1, 1g' (PSM) and g (DS)

  [b] 70°C for 10 min. [c] determined by E.A. [d] very low yield determined qualitatively by IR

Scheme 3 .

 3 Scheme 3. Unsuccessful post-synthetic reactions with different aromatic ketones (X = NO3 or OTs).
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 3 Figure 3. IR spectra of the complex obtained by PSM reaction on [Fe(NH2trz)3](OTs)2 (2) with cyclohexanone, at 150°C for 1h (2j").
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 6 Scheme 6. PSM reactions with acetic anhydride, to obtain either the mono-(2l) or diacetylated (2m) product.
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 89 Scheme 8. Post-synthetic reactions on [Fe(NH2trz)3](OTs)2 with succinic anhydride.
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 4 Figure 4. IR spectra of the complexes obtained by PSM reaction on [Fe(NH2trz)3](OTs)2 (2) with succinic anhydride, at 150°C for 2h (mixture 2n and 2o); the complex 2n obtained by hydrolysis of the mixture (2n and 2o) and the DS complex (from succinamic acid ligand N).
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 10 Scheme 10. Post-synthetic reactions on [Fe(NH2trz)3](OTs)2 with phthalic anhydride
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 5 Figure 5. Versatility of the PSM approach on [Fe(NH2trz)3]X2 SCO complex.
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 67 Figure 6. Powder X-ray diffraction patterns for DS and PSM complexes
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 8 Figure 8. Mössbauer measurements at 80 K for DS and PSM complexes

Table 1 .

 1 Post-synthetic reaction on [Fe(NH2trz)3](NO3)2 with different aldehydes.

	#	Starting aldehyde	Reaction time	% substitution [a]	IRC=N (cm -1 )
	1a	p-anisaldehyde [b]	10 min	100	1601, 1512
	1b'	1-pyrenecarboxaldehyde [c]	3 h	100	1592, 1501
	1c	ferrocenecarboxaldehyde [c]	10 min	100	1598, 1534
	1d	salicylaldehydeb	10 min	100	1608, 1536
	1e'	p-nitrobenzaldehyde [c]	2 h	50	1594, 1521
	1f'	o-nitrobenzaldehyde [c]	2 h	Not observed	----
	1g'	p-tolualdehyde [b]	30 min	100	1608, 1538
	1h'	o-tolualdehyde [b]	2 h	100	1595, 1533

Table 2 .

 2 

	Starting aldehyde	Ligand yield (%)	DS Complex yield (%)	PSM complex yield (%)	IRC=N (cm -1 ) in the ligand	IRC=N (cm -1 ) in the DS complex	IRC=N (cm -1 ) in the PSM complex
	p-anisaldehyde	83 (A)	39 (a)	100 (1a)	1604, 1514	1603, 1514	1601, 1512
	1-pyrenecarboxaldehyde	93 (B)	85 (b)	100 (1b')	1598, 1502	1598, 1500	1592, 1501
	ferrocenecarboxaldehyde	63 (C)	64 (c)	100 (1c)	1613, 1508	1599, 1536	1598, 1534
	salicylaldehyde	80 (D)	40 (d)	100 (1d)	1602, 1515	1618, 1608, 1529	1621, 1608, 1536
	p-nitrobenzaldehyde	56 (E)	58 (e)	50 (1e')	1592	1592	1596
	o-nitrobenzaldehyde	56 (F)	58 (f)	---	1607, 1568	1607, 1565	-----
	p-tolualdehyde	50 (G)	20 (g)	100 (1g')	1608, 1501	1606, 1535	1608, 1537
	o-tolualdehyde	57 (H)	50 (h)	100 (1h')	1595, 1515, 1503	1595, 1535	1595, 1533

.-Comparison of the DS and PSM syntheses for the [Fe(R-C=N-trz)3](NO3)2.

Table 3 .

 3 Results of the PSM reaction using different solvents with p-anisaldehyde and [Fe(NH2trz)3]X2

Table 4 .

 4 Post

	#	Temperature (MW)	time	Solvent	IRC=N (cm -1 )	Results
	2j	90 °C	2 h	Toluene	---	No reaction
	2j'	150 °C	30 min	Toluene	1626	64% PSM
	2j''	150 °C	1 h	Toluene	1626	100% PSM
	2j'''	150 °C	2 h	Toluene	---	[a]

-synthetic reactions on [Fe(NH2trz)3](OTs)2 with cyclohexanone.

Table 5 .

 5 Post-synthetic reactions on [Fe(NH2trz)3](OTs)2 with acetic anhydride.

	#	temperature	time	heating mode	IRC=O (cm -1 )	Result
	2lTHF 2lTol 2lAnh	r.t. r.t. r.t.	96 h 96 h 96 h	---	1710 1710 1710	Very weak reaction
	2l'Tol	150 °C	2 h	MW	---	
	2l'Anh	150 °C	2 h	MW	---	Destruction of
	2l"Anh	150 °C	12 h	Pressure tube	---	the complex
	2l''Tol	90 °C	0.5 h	MW	1710	Weak reaction
	2l'''Tol	90 °C	2 h	MW	1710	100% PSM monoacetylation
	2mTol	150 °C	0.5 h	MW	1710	100% PSM diacetylation

Table 6 .

 6 Optimized

	#	Starting material	Temperature	Reaction time	% substitution
	1a	p-anisaldehyde	90 °C	10 min	100
	1b'	1-pyrenecarboxaldehyde	90 °C	3 h	100
	1c	ferrocenecarboxaldehyde	90 °C	10 min	100
	1d	salicylaldehyde	90 °C	10 min	100
	1e'	p-nitrobenzaldehyde	90 °C	2 h	50
	1g'	p-tolualdehyde	90 °C	30 min	100
	1h'	o-tolualdehyde	90 °C	2 h	100
	2j''	cyclohexanone	150°C	1 h	100
	2k	phenyl isocyanate	150°C	2h	100
	2l'''Tol	acetic anhydride	90 °C	2 h	100
	2m	acetic anhydride	150°C	30 min	100
	2o	succinic anhydride	150°C	2h	100
	2p	phthalic anhydride	150°C	12h	66
	2r	acetyl chloride	r.t.	24 h	100

experimental conditions used to obtain the PSM on [Fe(NH2trz)3]X2 with different substrates

Table 7 .

 7 Spin crossover temperature obtained from magnetic measurements

	#	T1/2 (K)
	1	308-338
	c	163
	1c	154
	d	195
	1d	191
	g	176
	1g'	218
	h	160
	1h'	206

Table 8 .

 8 Mössbauer spectral parameters at 80 K.

	#		/mm s -1	EQ/mm s -1	Area (%)	ratio LS/HS
		ferrocene	0,525(4)	2,261(8)	51(2)	--
	c	LS	0,52(1)	0,39(2)	44(2)	8.8
		HS	1,37(1)	3,2(2)	5(3)	
		ferrocene	0,519(2)	2,268(4)	63(7)	--
	1c	LS	0,505(4)	0,275(7)	27.0(5)	2.7
		HS	1,27(2)	3,67(4)	10.4(9)	
		Unknown FeIII	0,50(3)	1,58(6)	18(3)	--
	d	LS	0,529(9)	0,13(6)	50(2)	1.6
		HS	1,17(1)	3,24(3)	32(3)	
	1d	LS HS	0,517(8) 1,16(2)	0,29(1) 3,31(4)	73(2) 27(3)	2.7
		Unknown HS	1,36(2)	1,88(5)	8(2)	--
	g	LS	0,517(5)	0,34(1)	52(1)	1.3
		HS	1,252(8)	3,22(2)	40(2)	
	1g'	LS HS	0,522(4) 1,15(3)	0,281(7) 3,52(6)	89(2) 11(2)	8.0
	h	LS HS	0.528(5) 1.19(2)	0.328(8) 3.31(5)	78(2) 22(4)	3.5
	1h'	LS HS	0.511(5) 1.13(3)	0.271(9) 3.57(5)	82(2) 18(4)	4.6
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(see footnote on the first page of this article). The synthesis of the starting iron complexes [Fe(NH2trz)3]X2 (where X=NO3 -, OTs -, SO4 2-BF4 -, Cl -), the ligands and the complexes obtained either by PSM or DS are described. The 13 C CP-MAS NMR, 13 C MAS NMR and IR spectra of all the complexes and its corresponding elemental analysis and TGA measurements. The methodology used for the digestion and the ligand exchange are also included.
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