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Abstract 

In this work we present a comprehensive study of the influence of the solvent on the post-synthetic 

modification (PSM) on the [Fe(NH2trz)3](NO3) spin crossover (SCO) complex with p-anisaldehyde. We 

demonstrate that the use of a suitable solvent such as ethanol results in a complete PSM, where the 

final crystalline material exhibits a gradual conversion just below room temperature. In the other hand, 

when an unsuitable solvent such as toluene or 1-octanol is used, either no reaction or very long reaction 

time is needed, leading to undesired Fe(III) species. Transmission electronic microscopy analyses show 

that the complete PSM reaction carried out on nanoparticles of the same complex, changes drastically 

the size and morphology of the particles. 

Introduction 

In the last few years the post-synthetic modification (PSM) has emerged as a very important and efficient 

tool to chemically modify different materials and to synthesize new species that cannot be obtained 

otherwise.1 However, the spin crossover (SCO) community has only recently been attracted by this 

method.2-13 From the wide variety of SCO complexes available, we have focused on the family of the 1D 

polymeric iron-triazole complexes, specifically [Fe(NH2trz)3]X2 (Figure 1) derived from 4-amino-1,2,4-

triazole (aminotriazole), because of their advantages as attractive switchable materials.14 These 

compounds present interesting spin crossover properties with hysteretic behavior near room 

temperature and have been reported as nano-objects and nanocomposites15 for their potential 

integration into devices such as thermal displays, sensors, actuators and so on.16–18 

 

Figure 1.- 1D polymeric structure of the [Fe(NH2trz)3](NO3)2 and its corresponding schematics. 

In our previous studies,4,9 we have demonstrated that a quantitative modification of NH2 substituents 

on complexes [Fe(NH2trz)3](X)2 (X = NO3, OTs) can be achieved by PSM reactions with different 

substrates. Although PSM method was implemented before by Wang et al using the perchlorate 

derivative (X = ClO4),3,7  only low PSM yields (up to 15%) were achieved despite the harsh conditions (24 

h reflux in toluene). Besides our studies and the work of Wang, the remaining works on PSM for these 

aminotriazole complexes were done by either a solid state metathesis reaction12 (anion exchange) for 

the chloride derivative (X = Cl) or by exposing the tosylate derivative (X = OTs) in the solid state to a 

saturated atmosphere of volatile organic compounds such as benzaldehyde.13 In the last two cases, a 

complete PSM was observed. These seemingly contradictory results are however a clear illustration of 

the necessity to consider an ionic compound as a whole, meaning that the counter-ion associated with 

the central metal is highly important. Indeed, changing the anion not only impacts properties such as 

solubility, but can also influence the chemical reactivity. For example, exchanging Cd(NO3)2 with CdSO4 
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in the same coordination polymer, leads to a change in crystal packing due to a decrease in the 

coordination number on the metallic center and its Lewis acidic nature. This change of anion yields an 

increase in the adsorption of large anionic dyes for the sulfate and an increase of catalytical activity for 

the nitrate.19 Thus, complexes [Fe(NH2trz)3](X)2 are not an exception and their reactivity depends also 

on the nature of the counteranion. As we have previously demonstrated, a quantitative PSM reaction 

can be performed for the nitrate and tosylate derivatives (X = NO3, OTs), while, under the same 

experimental conditions, no evidence of modification is observed for the sulfate analogue (X = SO4).12 It 

is for this reason that this manuscript focuses on the PSM reaction on the [Fe(NH2trz)3](NO3)2 complex. 

In particular, the possibility of performing quantitative PSM reactions on an insoluble compound with a 

compact molecular arrangement is intriguing and prompted us to study its reaction mechanism in detail.  

Based on examples found in literature concerning the effect of solvents on molecular arrangements as 

well as on chemical transformations, we expect that the solvent used for the reaction is a key factor in 

achieving a quantitative PSM reaction.  

It is well known that, in molecular systems, the solvent plays an important role on chemical 

reactivity by affecting: 1) the solubility of the compound; 2) the stability of reactants, intermediate 

reactive species or the product; 3) the reaction rates which in turn can lead to a better control of product 

selectivity.20–22 This has been studied for more complex reactions, e.g. the polymerization of 

polystyrene23 and the hydrolysis and reformation of the C-ON bond in alkoxyamines.24–26 

Intuitively, one might think that a solvent can have no effect on an insoluble solid material but 

results described in literature show that this assumption is wrong. In more complex or bigger systems 

(polymers, clusters, MOF’s, etc.) the interaction with the solvent is more difficult to study but leads to 

some very interesting behavior. First, the molecular arrangement of the material can be modified by the 

presence of solvent. Although not often thought about, a proper interaction of solute and solvent is 

highly important for various processes such as the nucleation step in the formation of crystals. In 

materials where the morphology of the solid state is very important (organic solar cells, semiconducting 

polymers, etc.), the solvent acts as a morphology-directing agent during the processing of the material 

in the evaporation step27–31 in addition to being a dissolving agent. Moreover, in the field of spin 

crossover materials, we have demonstrated that exposing a film to controlled humidity allows for the 

transformation from pristine to crystalline material in a few seconds.32,33 This irreversible crystallization 

process is probably due to hydrogen bonding interactions between water molecules and the complex. 

Note that the differences in optical properties in the two spin states of the complex are much more 

pronounced in the crystalline materials than in the pristine ones, which makes them more attractive as 

switchable materials. Finally, in contrast to the pristine material, the crystalline films are highly 

reproducible and very stable.34 Another interesting example on how solvent can interact strongly with a 

solid material is found in mineral clays. For some of these materials, an exposure to different 

percentages of relative humidity leads to changes in the structural organization by going from a non-

hydrate state up to a tri-hydrate state. The water is allocated in between two sheets of the mineral clays, 

and with each new inclusion of water the distance between the two sheets increases, leading to some 

sort of water channels in the mineral clays.35 

Understanding that the solvent is not inert toward supramolecular assemblies is the first step to 

use it as a tool to modulate the desired properties or the reactivity of a material. For example: 1) in self-

assembled soft materials, solvent enables the formation of chiral superstructures;36 2) diblock 

copolymers can self-assemble in micelles when used in a specific solvent that is active for one of the 

blocks;37 3) core shell polymers can switch in a reversible manner between active and inactive modes 

depending on the polarity of the solvent used;38 4) solvent can also induce a reversible stereochemical 
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rearrangement in coordination cages, where, for example, the use of nitromethane favors the Δ isomer 

and acetonitrile favors the Λ isomer.39 

The molecular arrangement will also have a great influence on the reactivity of solid materials. 

It is well known that the ternary structure of enzymes or proteins will strongly influence yields and 

selectivity of biotransformations. Indeed, the nature of the reaction solvent can deeply impact the 

access to the catalytic site, and the use of unsuitable experimental conditions (temperature, solvent...) 

results in the deterioration of the enzyme/proteins due to changes in the supramolecular geometry.40,41 

On the other hand, in 1D coordination polymers (1D-CP), the solvent affects the way the CP is arranged, 

changing its supramolecular architecture42 or allowing its application as sensors of metal ions43 by 

facilitating the exchange of cation, anion and ligands.44,45 Moreover, this inspired computational 

scientists to try to simulate the effect of the solvent on supramolecular assemblies. For example, S. 

Bandyopadhyay et al. computationally investigated the solvent’s role in ligand recognition. They 

conclude that ligand recognition is magnified when the ligand is restricted to move along a specific 

direction in a small cavity.46 In addition, solvent molecules are not the only compounds capable of fitting 

into a molecular arrangement. For example, in 1D-ordered heterostructures if either Na+ or n-

butylammonium cations are located in between silicate layers, delamination in water is not observed, 

however, this changes drastically when the Na+ is partially replaced by n-butylammonium, for which 

rapid delamination occurs when immersed in water.47 This work also highlights that even if the final and 

initial states are stable, a small change in the composition of the "sandwich" leads to an increasing rate 

of delamination of the material. 

Thus, for a reaction to take place at the level of a solid compound, it is crucial to allow intermolecular 

interactions between the active site of the material and the reactants. A well-known method to modify 

a solid material is mechanochemistry, with which it is possible to perform host-guest chemistry, 

intercalation of reagents and modification of functional groups in clay-like materials and, in addition, ion 

exchange on zeolites or smectites.48 The use of a mechanical force is not the only solution, the presence 

of certain molecules can also facilitate intermolecular interactions. For example, the choice of solvent 

can be a crucial point for the success of reactions. PSM methodologies are known to be solvent 

dependent. Solvent-assisted ligand exchange (SALE)49–57 is a very interesting example on how a solid 

that, once formed, is considered inert can be modified in the presence of a solvent. This occurs as a 

single crystal to single crystal transformation in a heterogeneous manner by incorporating a new linker 

into the parent material. A quantitative transformation is achieved by placing the starting solid 

(MOF’s,57,58 COF’s,59 metallic nanoparticles,54,60,61 perovskites,30 nanocrystals62–65 and even quantum 

dots66–68) in a concentrated solution of the linkers.  

All of these studies show that even in a compact and insoluble solid, it is possible to perform a complete 

post-synthetic modification most likely with the aid of the solvent. With this in mind, in this paper, a 

comprehensive study of the influence of the solvent on the [Fe(NH2trz)3](NO3)2 complex reactivity was 

performed. Moreover, we present a series of experiments in order to understand the mechanism 

leading to the complete PSM reaction observed for this compound. 

 

Results and Discussion 

In our previous work,4,9 we have demonstrated that a complete PSM reaction can be performed on the 

[Fe(NH2trz)3](NO3)2 (1) complex with different substrates. However, it was not clear what could be the 

possible mechanism through which such complete reaction occurs. Based on this, the already well 

established reaction between 1 and p-anisaldehyde, which results in complex [Fe(p-MeO-C6H4-
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CH=Ntrz)3](NO3)2 (2), is used as a model to understand and explain the mechanism of this 

transformation. 

1. Verification that the complex 2 is obtained by a PSM method 

 

The fact that the PSM reaction of a compact material is quantitative raises many questions. Some may 

wonder if the modification of the chemical functions of the complex does not take place in solution 

instead of between a solubilized reagent and the solid state complex 1 ([Fe(NH2trz)3](NO3)2). A synthetic 

modification in solution would automatically involve partial or complete decoordination of the 

aminotriazole ligands from the iron atom (Step A, Scheme 1). In this case the amine function could be 

converted to an imine function in solution (Step B) and, following this, in the final step the formation of 

complex 2 can happen through three different pathways: 1) the coordination of the imine ligand to iron 

nitrate (Pathway C), 2) via ligand exchange of the aminotriazole ligand on complex 1 (Pathway D) or 3) 

by a transimination reaction with amine in complex 1 (Pathway E). 

 

Scheme 1.- Different reaction paths that can lead to the derivative with imine functions (in red 

reactions that occur in solution, in blue reaction that occur in solid state). 

Several experiments were performed to confirm or refute that the modification of the NH2 functions of 

the compound by reaction with p-anisaldehyde is achieved by the PSM methodology. First of all, even 

though the solubilization of complex 1 was never observed, we heated its suspension in ethanol at 90°C 

for one hour in order to test the stability of the complex. After filtration at high temperature, the ethanol 

solution was analyzed by 1H NMR and as expected, no trace of aminotriazole ligand was detected. 

Similarly, UV studies of the ethanol solution, after filtration of the hot suspension of complex 1, showed 

no presence of the ligand or complex 1. On the other hand, if the suspension of the complex with the 

imine functions (complex 2) is heated to 90°C in ethanol, then, by 1H NMR, traces of imine ligands are 

observed in the ethanol solution (however, the amount of imine is too low to be quantified). These two 

simple experiments (Scheme S1) indicate that Step A of the reaction pathway in solution can be 

discarded.  

In order to test the feasibility of the last step of the reaction pathway in solution (pathways C, D or E), a 

reaction between complex 1 (with NH2 functions) and the imine ligand was carried out (Scheme S2). 
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After one hour at 90°C, complex 1 remained unchanged: no imine functions were detected on the 

complex by IR spectroscopy, while the 1H NMR of the filtrate solution clearly shows the presence of 

imine. On the other hand, when complex 2 (with imine functions) is in suspension in ethanol and in the 

presence of the aminotriazole ligand, after 1 hour at 90°C, a reaction is observed. Indeed, the imine 

ligand is found in solution and complex 1 is obtained. Thus, a reaction only takes place to transform 

complex 2 into complex 1, which is the opposite of what is required for the modification of the amino 

functions of the compound in solution. Thus, the last step of the reaction pathway in solution is also 

highly unfavorable. 

In a final test, we performed the formation of complex 2 in the presence of a stoichiometric amount of 

imine ligand (Scheme S3). If the modification of functions is done in solution then the presence of this 

amount of imine should accelerate the formation of complex 2. We did not observe any significant 

change between this reaction and the conventional synthesis of complex 2, again suggesting that the 

modification of functions does not occur in solution. 

To summarize, all these experiments indicate that the reaction does not take place in solution convincing 

us that the transformation of the amino functions is indeed the result of a PSM reaction. Therefore, in 

the following we attempt to explain the mechanism of the quantitative transformation of the rather 

non-porous complex 1 by demonstrating that, when a suitable solvent is used, the polymeric chains are 

spaced apart far enough to allow a reaction to take place. 

 

2. Studies on the mechanism of the PSM reaction 

Presentation of our working hypothesis 

This working hypothesis also has its origins in the structure determined by X-ray diffraction of a single 

crystal of complex 1,69 which is further described in the thesis of Arnaud Grosjean.70 For the structure of 

compound 1, which crystallizes with two water molecules, two types of molecular arrangements can be 

observed. The first type of arrangement results from direct interactions between polymeric chains 

through NH2-NH2 links. The second type of arrangement shows the interactions of hydrogen bonding 

between polymer chains and water molecules. In the latter case the water molecules are located in a 

channel between the polymeric chains, thereby spacing the polymeric chains apart (Figure 2).  
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Figure 2.- Crystal structure of complex 1, where water (in red) is located in channels between the 

polymeric chains. 

 

Thus, we have good reason to believe that for complex 1 in suspension similar interactions between the 

polymeric chains of the complex and the solvent are created. In fact, as the powder of complex 1 

corresponds to an agglomerate of particles, the first role of the solvent is the separation of the particles 

of the complex (Figure 3, Step A). This is an important criterion but not yet sufficient to explain the full 

PSM. If the solvent just separates the powder into single particles, then the PSM reaction can only take 

place on the surface of said particles (Step B). In this case, a core-shell material would be obtained, with 

the core composed of iron complex with amine functions and the shell composed of iron complex with 

imine functions. However, this type of material is not obtained as proven by the different methods of 

analysis used, which systematically show only one type of population instead of two. Therefore, the 

second role of the solvent is to separate the polymeric chains that constitute crystallites in the particles 

(Step C). Taking into account that a polar protic solvent like ethanol might have stronger interactions 

with the polymeric chains than a nonpolar solvent like toluene, the PSM reaction should be more 

efficient in ethanol than in toluene, if our working hypothesis is correct. 

 

Figure 3.- Sketch representing our working hypothesis. 

Influence of solvent in the PSM 

In order to confirm or refute our hypothesis, we wanted to test the influence of different solvents on 

the efficiency of PSM reactions. Therefore, first of all the influence of the nature of the solvent on the 

formation of the imine ligand (Figure S4) was determined, since it is well known that the rate of an 

organic transformation can be drastically influenced by the nature of the solvent. This allows us to 

separate the influence of the solvent on the formation of the imine function from the effect of the 

solvent on the separation of the polymeric chains and therefore on the PSM efficiency. From this study, 

we observe that the imine ligand is formed in any solvent tested and that it is formed more rapidly in 

toluene or octanol than in butanol, ethanol or dioxane.  

We then tested the efficiency of PSM in several solvents. Note that, in order to more easily compare the 

effects of a change of solvent on PSM efficiency, we used the same batch of complex 1 for all 

experiments. The efficiency of PSM (the percentage of imine/amine) was determined by digestion (see 

ESI for details) following different reaction times at 90°C. Figure 4a clearly shows that quantitative PSM 
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is observed within 1 h in absolute ethanol or methanol, while in toluene and dioxane no reaction is 

observed after 4 h (and even after 12 h). Thus, PSM is clearly more efficient in a polar solvent than in a 

nonpolar solvent. The drastic difference in efficiency of PSM in polar and nonpolar solvents contrasts 

with the results obtained for the formation of the imine from the aminotriazole ligand. Thus, this 

difference is really due to the specific reactivity of the complex and might be explained by the larger 

space between the polymer chains in the presence of ethanol or methanol. Using alcohols as solvents, 

we observed that the larger the alkyl chain, the slower the PSM reaction occurs. Two possible 

explanations are proposed for this result: 1) the lower polarity of the solvent leads to a less efficient 

PSM reaction; 2) as the length of the alkyl chain increases, the lipophilic character of the solvent 

increases and therefore its hydrophilicity decreases. Thus, the hydrophilic complex 1 will interact more 

strongly with ethanol compared to butanol. In addition, it seems that the reaction requires an initiation 

phase where the first substitutions are more difficult. Only when 20-30% of PSM are obtained, the 

reaction suddenly becomes much faster. For example, in the case of ethanol, in 30 minutes 35% PSM 

are obtained, while after 40 minutes more than 80% PSM are reached. This can be rationalized as in 

addition to the effect of the solvent, the substitution of the first amine functions on the complex 1 

increases the space in between the polymeric chains, which, in turn, facilitates the transformation of 

the other amine functions. Thus, as in reference 47, the transformation of a few NH2 substituents on 

complex 1 is sufficient to cause an increasing rate of the modification of the remaining functions. It is 

worth noting that, when PSM is performed in a 50/50 ethanol/toluene mixture, the complete 

transformation of the amine functions can be obtained, however, this transformation is much slower 

than in absolute ethanol and requires 90 minutes of heating before a reaction is observed. Finally, the 

efficiency of the PSM reaction in absolute ethanol was compared to that performed in 96% ethanol, 

where the reaction occurs even faster. For example, in 30 minutes, 80% PSM is obtained in 96% ethanol 

while it is only 35% in absolute ethanol. This shows the large influence of the amount of water in ethanol 

on the efficiency of the PSM. 
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Figure 4- a) Results of the digestion following the PSM reaction performed in different solvents at 90°C; 

b) PXRD measured at room temperature; c) variable temperature magnetic measurements of the 

complex after 100% PSM obtained in different solvents for bulk samples and nanoparticles (NP’s). 

Characterization of the complexes 2 obtained via the PSM method in different solvents 

In addition to the study of the influence of the solvent on the efficiency of the PSM, the physicochemical 

properties of the final compounds obtained in various solvents were analyzed. It should be noted that 

the color of the materials varies from beige or light yellow (methanol and ethanol) to orange 

(ethanol/toluene and butanol) and even brown (octanol) depending on the solvent used for the reaction, 

in agreement with the increasing presence of oxidized iron fractions (see hereafter). The X-ray powder 

diffraction analysis of the different materials is shown in Figure 4b. For the PSM modification performed 

in ethanol or methanol, the complex remains crystalline, while complexes obtained in octanol, butanol 

and the ethanol/toluene mixture are fully amorphous. 

Magnetic measurements (Figure 4c) show that the magnetic properties of the obtained compound also 

depend on the nature of the solvent used for the PSM reaction. In the case of absolute ethanol and 

methanol a more gradual conversion centered around 257 K and 268 K, respectively, is observed in 
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comparison with the starting amino derivative, while in the case of the complexes obtained in the 

ethanol/toluene mixture or in butanol no transition is observed. 

Finally, Mössbauer measurements (Figure S3) have been performed on selected materials (at 80 K). In 

the case of complex 2 obtained in ethanol (1 hour), the iron is mainly in oxidation state II (about 94%) of 

which about 87% is in the low spin (LS) state, indicating a residual high spin (HS) fraction. On the other 

hand, in the case of the compound obtained in butanol, the iron is almost completely in oxidation state 

III (97%). If we take into account the contribution of the different iron states with their corresponding 

𝜒𝑀𝑇 values, the sum of such contributions (0.99 cm3mol-1K) corresponds approximatively to the SQUID 

measurements at 80 K. 

All these analyses indicate that, when the PSM reaction is carried out in ethanol, both the polymeric 

structure and the degree of oxidation of iron are barely modified. On the other hand, when the reaction 

is performed in butanol the complex is oxidized and it is not certain that the material is still in the form 

of long polymers/oligomers. The differences between these two materials can be explained either by 

the change of solvent or by the longer reaction time needed to obtain a full PSM (100% imine) in butanol. 

In order to try to determine the reason for these differences, the PSM reaction in ethanol was 

deliberately carried out for 4 hours. The magnetic measurements and Mössbauer analyses of this new 

material resemble those of the complex obtained in butanol (Figure S2). Thus, it is reasonable to suggest 

that the instability comes from the long reaction time. Butanol and octanol are most likely less efficient 

at separating the polymer chains, thus the longer reaction time, which allows for the oxidation of the 

gradually formed imine material. Note that complex 1 with amine functions can remain several hours in 

ethanol at 90°C without degradation. 

To conclude this part, the efficiency of the PSM method depends strongly on the nature of the solvent 

used for the reaction. As expected, in a polar solvent like ethanol, the PSM reaction is quantitative 

whereas in toluene the reaction does not take place. The long reaction times necessary to obtain the 

material with 100% imine in butanol and octanol leads to the formation of oxidized species. Thus, these 

results validate our working hypothesis and demonstrate that in order to obtain the desired material, 

the choice of a suitable solvent is crucial. 

In addition, the PSM reaction on complex 1 changes the steric hindrance of the substituents present on 

the complex, as the N=CH-C6H4-OMe substituent is obviously bulkier than the NH2 group. This increase 

in steric hindrance imposed by the substituent could result in a larger distance between the polymeric 

chains and could explain the evolution of the spin crossover properties from a very cooperative 

transition with a hysteresis loop in the case of the amino derivative to the gradual conversion observed 

for the final product. 

Moreover, these intermolecular interactions, which control the arrangement of the polymer chains, also 

have an influence on the interactions between particles of the complex. In particular, it is expected that, 

the numerous hydrogen bonding type interactions observed in complex 1 will no longer be present in 

complex 2. Thus, these modifications could have strong consequences on both the size and the shape 

of the particles forming the bulk materials. 

 

3. Studies of the influence of the PSM reaction on the size and shape of nanoparticles  

 

For this study we synthesized complex 1 using a reverse micelle method under slightly modified 

conditions that previously allowed for controlling the size of the nanoparticles in another SCO complex 
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of the same family (see ESI).71–73 Subsequently, PSM reactions were carried out on these nanoparticles 

and quantitative reactions were achieved in 30 minutes using an oil bath or in 20 minutes under 

microwave activation. Compared to the bulk material (solid compound obtained without particle size 

control), the PSM reaction is faster for the nanoparticles. This result is not surprising: the smaller the 

particles, the larger the contact area and thus the faster the reaction. As seen for the bulk material, 

increasing the time of the PSM reaction led to a darker color of compound 2 (from very light yellow to 

dark brown for 30 minutes and 2 hours of reaction respectively, both at 90°C in an oil bath).  

Figure 5 shows transmission electron microscopy images of nanoparticles of complex 1 as well as the 

corresponding particles of complex 2 after different PSM reaction times.  

 

Figure 5: TEM images of nanoparticles of complexes 1 and 2 (top panel, low magnification; bottom panel, 

high magnification). 

TEM images of the starting complex 1 show that the obtained nanoparticles are homogeneous in size 

(about 50 nm) (Figure 5a). While some isolated nanoparticles can be found, most of the time 

agglomerates of particles are observed (Figure S3). The size and shape of the particles of complex 2 

depend strongly on the time of the PSM reaction. The images for the reaction performed under 

microwave irradiation for 20 minutes and the reaction done in the oil bath for 30 minutes are similar. 

They reveal larger size particles than the ones observed for complex 1 and exhibit a rod-like shape. It is 

important to point out that this change in morphology and particle size is indeed a result of the PSM 

reaction, because if complex 1 is suspended in ethanol and heated to 90°C, particles of the same size 

and shape as before heating are observed (Figure S4). The particles of complex 2 (Figure 5b and c) are 

about 100 nm wide and range in length from 400 nm to 2.2 m, where the latter most likely corresponds 

to the direction along the chains iron-iron axis of the complex.70 This raises the question of how such 

objects can be obtained from rather spherically shaped nanoparticles of about 50 nm in size. As a 

reminder, when complex 2 is heated in ethanol, traces of imine ligand are observed in solution and could 

coordinate to two iron centers of different particles, leading to a morphological reorganization that can 

explain the large rod-like particles observed when the PSM is complete. However, after 1 h of reaction 

small spherical particles start to reappear and eventually (after 2 h) only spherical particles of about 20 

nm are observed. This could indicate that the particles of complex 2 degrade with increasing reaction 

times (via decomposition or oxidation), as previously observed for the bulk material. 

This TEM study seems to confirm that the PSM reaction does indeed have a significant impact on the 

particle size and morphology of the complex, as previously hypothesized. Furthermore, the difference 

in morphology and particle size of complex 2 depending on the reaction time, confirms the degradation 

of complex 2 over time under these experimental conditions. This observation is in agreement with the 

one made regarding the PSM reaction time of the bulk compound 1 in ethanol.  
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Finally, as mentioned before, magnetic measurements were also performed on the nanoparticles (Figure 

4c). Firstly, nanoparticles of complex 1 appear to have a less complete SCO transition with a residual HS 

fraction at low temperatures and a slightly smaller hysteresis loop occurring at a lower temperature 

than for the corresponding bulk compound. These differences can be explained by the size reduction of 

the particles.15 For the particles of complex 2 that were obtained in 20 minutes via a PSM reaction, the 

amount of switching iron II centers is very similar to the starting nanoparticles of complex 1, with the 

same residual HS fraction at low temperature. The SCO behavior is comparable to that observed for the 

bulk compound 2, showing a gradual conversion centered around 280 K. For particles of complex 2 

obtained by a 2 hour long PSM reaction, a more incomplete spin transition is observed. The partial 

oxidation of iron II atoms and the size reduction of particles are plausible explanations for the high value 

of  at low temperature. 

Conclusion 

In this paper we have demonstrated that the modification of the NH2 functions present on the complex 

[Fe(NH2trz)3](NO3)2 was indeed achieved by a post-synthetic modification methodology. We then 

confirmed that it is possible to perform quantitative PSM reactions on this solid-state complex. The key 

factor to obtain this result is the use of a suitable solvent (ethanol or methanol). These two solvents limit 

the interactions between the particles and separate the polymeric chains of the complex, which allows 

for an efficient contact of the NH2 functions of the complex with the aldehyde. Note that the use of an 

unsuitable solvent either leads to no reaction or requires longer reaction times to transform the amine 

functions into imines. However, in the latter case the resulting compound is not the desired product 

since the iron II atoms were mostly oxidized to iron III during imine formation. The analysis by 

transmission electron microscopy confirms that the PSM reaction has a drastic effect on the size and the 

shape of the nanoparticles and shows that a deterioration of the complex occurs if the reaction time is 

too long. Thus, this work demonstrates unambiguously that the solvent can have drastic effects on 

insoluble solid compounds and that the PSM reaction is not restricted to porous solids. Therefore, we 

show that a careful selection of a suitable solvent is the key step for the success of the PSM methodology 

for this SCO complex.  
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