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Abstract 

Iron(II) can show a very rich coordination chemistry with concomitant modulation of its properties 

as promising functional materials. Metalation of the neutral tridentate nitrogen-donor mer-

coordinating ligand 2,6-bis(2-(methyl)-2H-tetrazol-5-yl)pyridine (Me2btp) with Fe(ClO4)26H2O 

through accurate solvent polarity control enables the selective crystallization of 

[FeHS/LS(Me2btp)2](ClO4)2MeCN2.75H2O (2HS/LSMeCN2.75H2O) as red rods, where half of the 

iron(II) centres resides in the low spin (LS, S = 0) state and the other half is in the high spin (HS, S 
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= 2) state. The red rods spontaneously convert into yellow crystals once removed from the mother 

liquor and exposed to air due to solvent rearrangement within the crystal packing; these new 

crystals can be assigned to [FeHS(Me2btp)2](ClO4)2solvent (2HSsolvent) where all the iron(II) 

centres are now blocked in the HS state, as confirmed by magnetic measurements. The polarity of 

the crystallization solvent, together with the maintenance of the crystals within the mother liquor, 

are pivotal for the reactivity and interconversion of different species. Indeed, upon long standing in 

solution, 2HS/LSMeCN2.75H2O converts to another form of red crystals belonging to 

[FeLS(Me2btp)2][FeHS(Me2btp)(MeCN)2(H2O)](ClO4)4MeCN (2LS3HSMeCN), as confirmed by 

single crystal X-ray diffraction data. In this co-crystal, the iron(II) in 2 resides in the LS state at all 

temperatures while the iron(II) in 3 is blocked in the HS state. Well-formed yellow crystals could be 

also isolated among the red crystals of 2HS/LSMeCN2.75H2O, and they could be identified as the 

unprecedented octacoordinated species [Fe(Me2btp)2(MeCN)(H2O)](ClO4)2·H2O (1H2O) by single-

crystal X-ray diffraction. These yellow crystals are stable in the air, but slowly convert into 

2LS3HSMeCN if kept in the mother liquor for about one week. 1H2O can be considered the trapped 

intermediate in the solid state during the conversion of [FeHS(Me2btp)2]
2+ into 

[FeHS(Me2btp)(MeCN)2(H2O)]2+ in solution, where the two tridentate ligands in the starting species 

can unfold to accommodate coordinated MeCN and H2O molecules, as confirmed by theoretical 

calculations, and eventually one of the two Me2btp is completely replaced by the solvent. 

 

Introduction 

Coordination number (CN) for iron(II) can range from 2 to 8, where very low CNs are mainly 

driven by steric demand of the ligands,1,2 while high CNs are usually dictated by multidentate 

chelating ligands.3,4 The presence of labile or photoactive ligands can lead to the modulation of the 

coordination sphere and therefore of the catalytic5 or biological6 properties of the metal complexes. 

Furthermore, solvent molecules can often act as ancillary ligands,7 so that the chemical speciation 

in solution8 but also in the solid state is strongly dependent on the reaction solvent and on the 

crystallization medium.9 On the other hand, the modulation of the coordination environment is at 

the base of the application of the complexes in catalysis.10 

When embraced in an octahedral environment with CN = 6 and especially with oligodentate 

nitrogen-donor ligands, iron(II) is among the transition metal ions with the highest number of 

complexes showing spin crossover (SCO),11 one of the most studied phenomena in the field of 

molecular magnetism due to the potential application of SCO derivatives in molecular memories 

and devices for data storage.12,13 Variably-substituted 2,6-di(1H-pyrazol-1-yl)pyridine (1-bpp)14–16 

and 2,6-di(1H-pyrazol-3-yl)pyridine (3-bpp)15 derivatives are well-known neutral tridentate 
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nitrogen-donor ligands able to modulate the magnetic properties of iron(II) complexes with general 

formula [Fe(1/3-bpp)2](X)2solvent (X– = anion), trapping high spin (HS) or low spin (LS) states17 

and promoting temperature- and solvent-dependent SCO behaviours, with a relevant effect also 

given by the anion X–.16 Strictly related to bpp, 2,6-bis(2H-tetrazol-5-yl)pyridine (H2btp),18,19 once 

deprotonated, behaves as anionic nitrogen-donor tridentate ligand, and some examples of 

heteroleptic20–22 and homoleptic23,24 metal complexes are known, together with one unique example 

with iron(II) with the dianionic homoleptic (A)2[Fe(btp)]2 derivatives (A+ = ammonium cations).25 

On the other hand, the monoprotic 2-(1H-pyrazol-1-yl)-6-(2H-tetrazol-5-yl)pyridine (Hptp) also 

acts as efficient ligand in promoting SCO in the neutral homoleptic [Fe(ptp)2] species.26–28 

Our research in the field of iron(II) SCO complexes,16,17 together with our expertise with 

functionalized tetrazoles29,30 and the interest in catalytic applications,5,31–33 led us to focus our 

attention on the employment of alkylated R2btp (R = alkyl groups) derivatives as neutral tridentate 

nitrogen-donor mer-coordinating ligands for iron(II), never reported before to the best of our 

knowledge. Here we report the results obtained working with 2,6-bis(2-(methyl)-2H-tetrazol-5-

yl)pyridine (N2,N2-Me2btp, hereafter called just Me2btp) and its metalation with Fe(ClO4)26H2O, 

discovering the solvent-dependent selective co-crystallization of mixed HS/LS species and of the 

unprecedented octacoordinated (CN = 8) complex [FeHS(Me2btp)2(MeCN)(H2O)](ClO4)2∙H2O 

(1∙H2O) as trapped intermediate in the solid state in the conversion of [Fe(Me2btp)2](ClO4)2 (2) to 

[Fe(Me2btp)(MeCN)2(H2O)](ClO4)2 (3) (both with CN = 6) in solution. 

 

Results and discussion 

Methylation34 of H2btp with MeI and purification through column chromatography led to isolate 

Me2btp as the desired (N2,N2) regioisomer to be employed as neutral tridentate mer-coordinating 

ligand (see Experimental Section in the Electronic Supplementary Information, ESI). Reaction of 

Me2btp with Fe(ClO4)26H2O was first conducted in MeCN, taking advantage of the knowledge 

acquired with bpp ligands.17,35 This led to a clear orange solution and total dissolution of the starting 

materials, hint for occurred coordination. Attempts to crystallize the reaction mixture by liquid-

liquid or vapour diffusion of Et2O led invariably to the isolation of the free ligand. On the other 

hand, quick removal of the solvent under reduced pressure left tiny deep red crystals on the walls of 

the round bottom flask, which turned to yellow within minutes. Recrystallization of these crystals 

from MeCN-Et2O again gave back the free ligand. Reaction in the less-polar CH2Cl2 (solvent 

relative polarities:36 MeCN = 0.460, CH2Cl2 = 0.309, Et2O = 0.117) revealed to be not feasible, 

since iron(II) perchlorate is too insoluble to react with Me2btp, as clearly detected by the lack of 

colour change upon addition of the salt to the colourless solution of the dissolved ligand. Polarity 
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modulation of the reaction solvent given by mixing MeCN and CH2Cl2 in different v/v ratios 

revealed to be a suitable tool for selecting the species able to crystallize. A CH2Cl2:MeCN 3:1 ratio 

was helpful for the dissolution of the metal salt and reaction with Me2btp, and crystallization with 

Et2O yielded a mixture of red and yellow crystals. A CH2Cl2:MeCN 1:3 ratio instead resulted to be 

still too polar and forced again the crystallization of Me2btp after liquid-liquid diffusion of a double 

volume of Et2O. A CH2Cl2:MeCN 1:1 ratio (Experimental Section in the ESI) assured under the 

same crystallization conditions the formation of only well-formed red rods (Scheme 1).  

 

 

Scheme 1 Reaction scheme of Me2btp with Fe(ClO4)26H2O under different solvent conditions and 

crystallization upon liquid diffusion of Et2O, together with conversion occurring in solution and 

once the crystals are exposed to air. 

 

The few yellow crystals formed from CH2Cl2:MeCN 3:1 (v/v) solvent mixture, were found to be 

stable once removed from the mother liquor and exposed to air. They were manually separated from 

the red ones and subjected to elemental analysis and infrared spectroscopy characterization (see 

Experimental Section in the ESI). Single crystal X-ray diffraction experiments revealed the 
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formation of the octacoordinated complex 1∙H2O (see Scheme 1) that crystallizes in the monoclinic 

C2/c space group (Table S1 in the ESI for full crystallographic and refinement details). Only one 

half of [Fe(Me2btp)2(MeCN)(H2O)]2+ cation with one independent Me2btp is present in the 

asymmetric unit due to the binary axis running through the iron(II) centre, which makes MeCN and 

H2O disordered over two equally populated symmetry-related positions. Thus, the molecular 

structure of the cation (Fig. 1a) consists of an octacoordinated iron(II) centre bonded to two 

tridentate ligands, one MeCN and one H2O molecule in pseudo-cis position (Table S2 in the ESI for 

coordination distances and angles). The resulting FeN7O coordination polyhedron (Fig. 1b) may be 

described as a distorted square-antiprism or triangular dodecahedron by Continuous Shape 

Measurement (CShM) calculations,37,38 which provide a quantitative measure of the deviation of 

the experimental coordination sphere from idealized geometries (Table S3 in the ESI). The atoms 

within each tridentate ligand are almost coplanar, with a mean deviation of 0.0648 Å from the least 

squares plane of the C5N (pyridine) and the two CN4 (tetrazole) rings. The coordination of Me2btp 

ligands is not symmetric since the Fe–N distance with one tetrazolyl ring (Fe1–N6 = 2.258(2) Å) is 

significantly shorter than the other (Fe1–N1 = 2.4413(19) Å). The latter is also slightly longer than 

the Fe1–N5 (2.3986(19) Å) bond length with the central pyridyl ring. On the contrary, the 

monodentate MeCN and H2O ligands display the shortest distance to the iron(II) centre (Fe1–N10 = 

2.12(2), Fe1–O10 = 2.286(19) Å). The shortest Fe–N(tetrazole) distance resides on the opposite 

side of the cation with respect to the solvent molecules, showing the unfolding of the two Me2btp 

ligands to accommodate H2O and MeCN.  

 

 

Fig. 1 a) Molecular structure of the cation [Fe(Me2btp)2(MeCN)(H2O)]2+ of 1∙H2O with key atoms 

labelled, displacement ellipsoids are at the 50% probability level; b) representation of the 

coordination environment of iron(II) between square antiprism and triangular dodecahedron. Colour 

code: Fe = orange, O = red, N = light blue, C = grey, H = white; perchlorate anions and co-

crystallized water molecules were omitted for clarity. 
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The overall crystal structure of 1H2O consists of ionic packing of [Fe(Me2btp)2(MeCN)(H2O)]2+ 

cations, ClO4
– anions and co-crystallised H2O molecules in a 1:2:1 ratio; the H2O molecule 

coordinated to the iron(II) centre and the free one are involved in hydrogen bonds (H-bonds) with 

the ClO4
– anions and some nitrogen atoms of Me2btp (Table S4 in the ESI). Besides the rarity of 

iron(II) complexes with CN = 8 by itself, the FeN7O environment in 1∙H2O is unprecedented 

especially considering that it consists of two neutral tridentate ligands Me2btp and two monodentate 

solvent molecules, whereas the octacoordination in known cases of FeN8,
4,9,39–46 FeN6O2

47 and 

FeN4O4
3,48 complexes is given by one octadentate,4,43 two tetradentate3,9,41,42,44–48 or four 

bidentate39,40 ligands.  

The red rods from the CH2Cl2:MeCN 1:1 (v:v) solvent mixture revealed to be unsuitable for single 

crystal X-ray diffraction studies, but we assigned them to [Fe(Me2btp)2](ClO4)2MeCN2.75H2O 

(2HS/LSMeCN2.75H2O, see below for the HS/LS label assignment) based on elemental analyses on 

different synthetic batches. Once removed from the mother liquor and exposed to air, the biggest 

rod-like crystals slowly changed colour from red to yellow within few hours preserving their shape 

but remaining unsuitable for single crystal X-ray diffraction (Fig. S1 in the ESI), while small 

crystals tend to fade faster into yellow powder. This is in accordance with what observed in the 

synthesis conducted only in MeCN and taken to dryness.  

This transformation in the solid state was monitored via FT-IR spectroscopy in the Attenuated Total 

Reflectance (ATR) mode to gather further insights, revealing a quicker red → yellow conversion in 

about 2 h, probably caused by the pressure of the diamond tip, which crashes the crystals probably 

enhancing the exposed surface and accelerating the beginning of the process. Despite this point, the 

collected spectra clearly show a series of CN stretching bands due to acetonitrile that, while weak, 

clearly shift from lower (2255, 2291 and 2316 cm–1) to higher (2320, 2350 and 2371 cm–1) 

wavenumbers, as well as the O–H stretching of water molecules that shift from 3220 to 3420 cm–1 

(Fig. S2 in the ESI). The yellow crystals can be then assigned to the same species 2 since the other 

regions of the IR spectra did not reveal further changes due to the integrity of the [Fe(Me2btp)2]
2+ 

complex, while the solvent molecules undergo a complete rearrangement in the crystal packing with 

alteration of the intermolecular contacts and H-bonds involving perchlorate anions and tetrazolyl 

rings. This is again in agreement with what observed by quickly taking to dryness the reaction 

mixture from MeCN reported above. 

Direct-current magnetic measurements, performed on crushed red rods of 2HS/LSMeCN2.75H2O 

still maintained inside the mother liquor to preserve the red form, show a paramagnetic behaviour 

with a constant MT product (M = molar magnetic susceptibility) value of 2.21 cm3 K mol–1 from 

250 down to 50 K, followed by a slight decrease below 50 K that can be attributed to either weak 
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intermolecular magnetic interactions or magnetic anisotropy (Fig. 2a). As a note, the sample was 

always kept below 250 K to preserve its integrity. The experimental value of the MT product is 

then roughly in between the expected value for a HS state with S = 2 (expected MTS=2 between 3.0 

and 3.6 cm3 K mol–1, assuming gFe = 2.0 and 2.2, respectively), and a diamagnetic LS state with S = 

0, with no hint of any spin conversion. The MM(H) curve (MM = molar magnetization) recorded at 

1.8 K in the range of 0–7 T (Fig. 2b) does not show saturation at the highest achievable magnetic 

field and reaches about 2 NAB at 7 T. Magnetic measurements were then repeated once the red 

crystals were allowed to convert into the yellow form. The MT product (Fig. 2a) is constant down 

to 30 K at 3.59 cm3 K mol–1, expected for a HS octahedral iron(II) ion (assuming g = 2.2), and then 

it decreases below 50 K due to the magnetic anisotropy of the iron(II) centres in this crystal field. 

The system now behaves as a typical HS paramagnet with S = 2 and no spin transition. M(H) curve 

recorded at 1.8 K in the 0-7 T range (Fig. 2b) again does not show saturation at the highest 

achievable magnetic field and reaches 3 NAB at 7 T.  

 

 

Fig. 2 a) Temperature dependence of MT product and b) field dependence of MM at 1.8 K for 

2HS/LSMeCN2.75H2O (red curves) and 2HSsolvent (yellow curves). 

 

Mössbauer spectra of the red crystals at different temperatures (Fig. 3, Fig. S3 and Table S5 in the 

ESI) clearly show the presence of mainly two species, a HS (quadrupole splitting, EQ = 3.36 

mm/s, isomer shift  = 1.21 mm/s at 100 K) and a LS (EQ = 0.60 mm/s,  = 0.39 mm/s at 100 

K)49,50 ones in about 1:1 ratio, mostly independent on T. Together with the magnetic data, this 

corroborates the assignment of the sample to the octahedral species [Fe(Me2btp)2](ClO4)2, where 

the cation is present in a 1:1 HS:LS ratio when in its red form (2HS/LSMeCN2.75H2O), while it 

converts to HS with the characteristic yellow colour (2HSsolvent) upon rearrangement of the 

solvent molecules in the crystal packing. The elemental analyses repeated on different samples of 

the yellow form suggest that almost all the solvent is still trapped within the crystal matrix with 
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some oscillation in its content, which prompted us to generically attribute solvent to the formula. 

Noteworthy, a weaker signal (< 5%) for another HS species50 could be detected in the Mössbauer 

spectra (Fig. 3, Fig. S3 and Table S5 in the ESI) with EQ = 1.67 mm/s,  = 1.14 mm/s, at 100 K, 

that can be tentatively assigned to the octacoordinated iron(II) in 1∙H2O, present as ‘impurity’ below 

5% in the analysed sample. These parameters are different from the ones reported for other 

octacoordinated complexes,9,43,44 but they strongly depend on the coordination environment of the 

iron(II) centre.51,52 

 

 

Fig. 3 Mossbauer spectra of 2HS/LSMeCN2.75H2O at 100 K, together with the fitting of the 

experimental data (black line) by the presence of three different components (comp1 = HS 

iron(II) centres, comp2 = LS iron(II) centres, comp3 = 1H2O present as < 5% impurity). 

 

The pivotal role of the solvent polarity, as evidenced by the selective crystallization of 

2HS/LSMeCN2.75H2O as red rods from MeCN:CH2Cl2 1:1 mixture upon liquid diffusion of Et2O, 

and by the identification of 1H2O as yellow crystals upon alteration of the solvent medium, is also 

crucial in the preservation of these species. Long standing, a few months, of the red rods in the 

mother liquor led to their conversion into a new red crystalline form. The yellow crystals of 1H2O 

also convert into the same red crystals upon standing in the mother liquor for about one week after 

their initial formation, as evidenced by their colour and shape change through the transparent walls 

of the sealed test tube. Luckily, these new red crystals were suitable for single crystal X-ray 

diffraction experiments (see Table S6 in the ESI for full crystallographic and refinement details), 

which revealed the formation of the co-crystallized species 

[Fe(Me2btp)2][Fe(Me2btp)(MeCN)2(H2O)](ClO4)4MeCN (2LS3HSMeCN) (Fig. 4). Looking at 

Table S7 in the ESI, 2 resides in the LS state, whose colour is exactly expected to be red,9,10 as 
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evident from its metric parameters with short Fe–N bonds in the range of 1.93–1.96 Å. On the other 

side, 3 shows long bond distances in the range of 2.08 – 2.25 Å consistent with a HS state, with the 

longest bond distances involving the Me2btp ligands ( 2.20 Å), while the shortest distances involve 

the H2O (2.070(3) Å at 100 K) and MeCN (2.107(3) and 2.149(3) Å at 100 K) molecules, as 

observed in 1H2O. The structural parameters remain essentially unvaried at 100 and 270 K, 

meaning that the spin states of the two species do not vary upon temperature change, i.e. 

2LS3HSMeCN. This highlights the efficiency of the crystal packing in 2LS3HSMeCN in stabilizing 

the [Fe(Me2btp)2]
2+ dication in its LS state. The same dication does not undergo thermally induced 

HS → LS spin transition when instead trapped in the solid matrix of 2HSsolvent, obtained from 

2HS/LSMeCN2.75H2O. The role of the co-crystallized solvent molecules and the crystal packing is 

then fundamental in the stabilization of the spin state of the iron(II) centres.16 Anyway, the 

possibility of Me2btp to closely interact with the iron(II) centre is undoubtedly shown by 2 in the LS 

state, and this supports the modulation of the coordination and the formation of the species upon 

solvent polarity variation. The red crystals of 2LS3HSMeCN are stable in the air for several days, 

but then they also slowly start converting into yellow, becoming again unsuitable for single-crystal 

X-ray diffraction, probably because of disorder rearrangement of the MeCN co-crystallized 

molecule, as observed in 2HS/LSMeCN2.75H2O. 

 

 

Fig. 4 Depiction of the asymmetric unit of 2LS3HSMeCN (2LS on the left and 3HS on the right) 

using the crystal data at 100 K; displacement ellipsoids are at the 50% probability level, and 

disordered perchlorate anions were drawn in their most populated position; colour code: Fe 

= orange, O = red, N = light blue, C = grey, H = white. 

 

The 2LS3HSMeCN co-crystal, together with its structural data, comes into help also in 

corroborating our previous assignment of the red rods to 2HS/LSMeCN2.75H2O containing both HS 
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and LS iron(II) centres. Indeed, once confirmed that they were not the same complex also by 

comparing their powder X-ray diffraction spectra (Fig. S4 in the ESI), the structural difference 

between the proposed structure of 2HS/LSMeCN2.75H2O and 2LS3HSMeCN is given by the 

replacement of one Me2btp ligand from 2HS with two MeCN and one H2O molecules in 3HS. This is 

clear in view of the structure of 1H2O, where one MeCN and one H2O molecules are present in the 

coordination sphere of the iron(II) centre with the two Me2btp ligands unfolded to accommodate the 

solvent molecules, making the octacoordinated complex the most probable trapped intermediate in 

the solid state during the transformation process in solution (Scheme 2). The modulation of the 

polarity of the solvent medium and the control of time promotes the expulsion of one coordinated 

Me2btp and coordination of an additional MeCN molecule toward the formation of 3. As a 

confirmation of this hypothesis, working only in MeCN without CH2Cl2 further pushes away 

Me2btp from the coordination to iron(II) with recrystallization of the free ligand. The high tendency 

of iron(II) in its HS state to exclude the tridentate ligand from coordination in favour of solvent 

molecules is also evident from the bond distances observed in 1H2O and 2LS3HSMeCN, being 

always shorter for MeCN and H2O than for the nitrogen atoms of Me2btp, despite being a tridentate 

ligand. 

The mechanism of conversion of dications of 2HS into 3HS passing through 1 in solution (Scheme 2) 

was theoretically investigated to corroborate the non-trivial chemistry behind the simple reaction of 

iron perchlorate with Me2btp. The iron(II) in the dication of 1 can be safely considered in the HS 

state due to the elongated bond distances and in agreement with Mössbauer data (see above), so it 

will be depicted as 1HS. In this way, the HS state was applied to all dicationic species with no spin 

change to allow a reliable assessment, at computational level, of the 2HS → 1HS → 3HS conversion. 

 

 

Scheme 2 Reaction scheme for the conversion of 2HS into 3HS in solution, passing through the 

octacoordinated species 1HS. 
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DFT geometry optimization calculations were firstly performed for the different HS dicationic 

species, together with 2LS, and the obtained in silico structural parameters are reported in Tables S2 

and S6 in the ESI in direct comparison with the X-ray values, when available. It can be observed 

(where possible) the good agreement with the experimental data, with only just a small overestimate 

for the computed values. The binding energies (BEs) for all species were then computed obtaining 

the following results, with also the binding energy of 2LS as a reference (note that from now on we 

refer to the dicationic moiety of the complexes): 

2HS: –268 (±10) kcal/mol 

1HS: –241 (±10) kcal/mol 

3HS: –240 (±13) kcal/mol 

2LS: –340 (±14) kcal/mol 

Considering the HS species, calculations point to a slightly higher stability for 2HS with respect to 

1HS and 3HS, which in turn have comparable binding energies. These results support the 

experimental evidences that (i) one Me2btp ligand in 1HS can be easily replaced by a second MeCN 

molecule to yield 3HS, a step strongly promoted in solution by the MeCN-rich solvent mixture 

making the yellow-to-red crystal transformation effective in about one week; (ii) the direct 

conversion of 2HS into 3HS takes instead several weeks, corroborating the hypothesis that the rate 

determining step of the whole process is 2HS → 1HS, while once 1HS is formed it quickly converts 

into 3HS.  

The first step of the reaction was then investigated by performing combined relaxed energy scans 

where the two H2OFe and MeCNFe (OwaterFe and NacetonitrileFe, respectively) distances were 

systematically varied within the dicationic complexes (see details in Computational Details in the 

ESI). Taking into due account the highly demanding and challenging task underlying a two-

dimensional scan, it is possible to summarize the results as reported in Fig. 5. The starting point was 

chosen as a good approximation of 2HS (as confirmed by comparison with the optimized geometry 

of the isolated complex, see Table S8 in the ESI), with H2O and MeCN molecules far away from 

the iron(II) ion though already experiencing the attractive field of the dicationic complex (see first 

sketch in Fig. 5).  

The path from 2HS to 1HS was then described by gradually reducing first the H2OFe distance 

(black circles) and then the MeCNFe one (light blue circles). Along the computed path, a 

transition state (TS) is located at H2OFe distance equal to 6.12 Å (note that it is not possible to 

quantify the 2HS → 1HS barrier height because the starting point is not strictly 2HS with H2O and 

MeCN at infinite distance). Frequencies calculation on this geometry provides two imaginary 

values, one mainly involving the water molecule (OFe stretching) and the other principally related 
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to rotation of the acetonitrile Me group. At this geometry (see Table S8 in the ESI), a very slight 

displacement of the two Me2btp from the iron(II) with elongation of the Fe–N distances can be 

noticed, due to the non-compensation of the approaching solvent molecules in interacting with the 

metal centre in an effective way. Once this TS is overcome, the energy of the system decreases 

monotonically via two sequential phases. In the first one, the two solvent molecules gradually 

reorient to form a stabilizing MeCNHOH hydrogen bond, with H2O first approaching the iron(II) 

ion (see second sketch in Fig. 5 and Table S8 in the ESI), and suggesting that the two solvent 

molecules probably enter almost simultaneously into the metal coordination sphere. Such 

hypothesis is supported by the lack of experimental evidence of any intermediate 

[Fe(Me2btp)2(MeCN)]2+ or [Fe(Me2btp)2(H2O)]2+ heptacoordinated species. In the second phase, 

MeCN approaches in turn the iron(II) ion till reaching the octacoordination in 1HS (see Fig. 5, last 

sketch), with the complete unfolding of the two Me2btp from the iron(II) to accommodate 

coordinated MeCN and H2O molecules. 

 

 

Fig. 5 One possible conversion path from 2HS (left) to 1HS (right) obtained by combined relaxed 

energy scans varying the r(OwaterFe) or the r(NacetonitrileFe) distances (black or light blue circles, 

respectively). Energies referred to that of optimized 1HS. 

 

Conclusions  

The choice of the befitting solvent to perform metal complexation reactions and crystallization of 

the products revealed to be a non-trivial matter in the case of the reaction of the neutral nitrogen-

donor ligand Me2btp with iron(II) perchlorate. Despite the confirmed ability of two Me2btp 

molecules to coordinate iron(II) in a mer coordination fashion giving rise to the pseudo-octahedral 
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iron(II) species 2, stabilised in its LS state in the 2LS3HSMeCN co-crystal, the change in the solvent 

polarity while attempting the direct synthesis of 2 could efficiently trigger the crystallization 

process toward the selective formation in the solid state of 2LS/HSMeCN2.75H2O as red rods, which 

quickly faded to the yellow form of 2HSsolvent, or also in the formation of the unprecedented 

octacoordinated 1H2O, where two Me2btp unfold to leave space for H2O and MeCN solvent 

molecules. Despite the large number of iron(II) complexes with bpp ligands, which are closely 

related to Me2btp, there are no reports on similar octacoordinated species, so the discoveries here 

described seems peculiar of the R2btp class of ligands, where hexacoordinated vs. octacoordinated 

iron(II) species is a delicate equilibrium between the crystal field, the solvent stabilization of the 

species in solution and the solvent polarity during crystallization. On the other hand, these findings 

open the potentiality to interpret the behaviour in solution in a revolutionary way, like for example 

in catalysis where the activated iron(II) species can be given by the expansion of the coordination 

environment from a low CN up to 8, and this will for sure deserve our future efforts and in depth 

studies. 
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