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ABSTRACT 

We present here a novel example of spin crossover phenomenon on a Fe(II) one-

dimensional chain with unusual N5S coordination sphere. The [{Fe(tpc-OMe)(NCS)(μ-

NCS)}n] (1) compound was prepared using the tridentate tpc-OMe ligand (tpc-OMe = 

tris(2-pyridyl)methoxymethane), FeCl2.4H2O and the KSCN salt. Crystallographic 

investigations revealed that the Fe(II) ions are connected by a single bridging NCS
-
 

ligand (-N:S-SCN coordination mode) to afford a zig-zag neutral chain running 

along the [010] direction, in which the thiocyanato bridging groups adopt a cis head-to-

tail configuration. The (N5S) metal environment arises from one S-SCN and two -

NCS ligands, and from three pyridine of the fac-tpc-OMe tripodal ligand. This 

compound presents a unique extension of Fe(II) binuclear complexes into linear chains 

built on similar tripodal ligands and bridging thiocyanate anions. Compound 1 shows a 

spin crossover (SCO) behavior which has been evidenced by magnetic, calorimetric and 

structural investigations, revealing a shrarp cooperative spin transition with a transition 

temperature of ca. 199 K. Temperature scan rate studies revealed a very narrow 

hysteresis loop (~1K wide). Photoswitching of this compound was also performed, 

evidencing a very fast relaxation process at low temperature. Among other factors, the 

linearity of the N-bound terminal thiocyanato ligand appears as the main structural 

characteristic at the origin of the presence of the SCO transition in compound 1 and in 

the two others Fe(II) previous systems involving thiocyanato-bridges. 
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■INTRODUCTION 

The design of new cooperative spin crossover (SCO) materials is one of the most 

relevant challenges in the field of molecular materials.
1-15

 The SCO transition, which 

occurs generally for the transition metal complexes of d
4
-d

7
 electronic configurations, 

can be induced by various external perturbations, such as temperature, pressure, light, 

and magnetic field, yielding significant structural, magnetic and optical changes. The 

presence the intermolecular interactions (-stacking, hydrogen bonding and van der 

Waals contacts) in the crystal lattice can significantly affect the cooperativity which is 

at the origin of the presence of wide hysteresis that required for potential applications 

such as displays and memory, pressure and optical sensors, and spintronic devices.
10-21 

By far, the most studied switchable molecular materials are those based on Fe(II) 

transition metal ion for which the magnetic switch occurs between the paramagnetic 

high spin (HS) state (S = 2) and the diamagnetic low spin (LS) state (S = 0).
1-8

 Until 

now, the majority of Fe(II) SCO materials involves the FeN6 coordination environment 

because of the appropriate ligand-field energy brought by the nitrogen-based ligands.
1-9

 

However, in the last few years and for a relatively short time, the number of reports on 

Fe(II) SCO systems with FeN4O2 coordination sphere, arising from N4O2 hexadentate,
22

 

N2O2 tetradentate
23-29

 or N2O tridentate
30-32

 Schiff-base ligands, increased in a very 

considerable way, and some of them exhibit remarkable SCO behaviors such as 

bistability around room temperature and wide hysteresis loops.
23-29

 Fe(II) SCO 

complexes with other mixed donor environments for the metal active center are rare and 

only few of them have been structurally characterized. Among them, the following 

complexes should be highlighted: [FeL(CN)2].xH2O (L = macrocyclic Schiff-base 

ligands) involving the FeN3OC2 and FeN4C2 coordination spheres;
33-37

 and complexes 

involving P donor atoms such as [Fe(PN
H
-Ph)2X2] and [Fe(PPPP)X]BPh4 (PN

H
-Ph = N-

diphenylphosphino-2-aminopyridine, PPPP = 1,4,7,10-tetraphenyl-1,4,7,10-

tetraphosphadecane, X = Cl, Br) and [Fe(tppb)Br2]n (tppb = 1,2,4,5-

tetrakis(diphenylphosphanyl)benzene) exhibiting FeN2P2X2 and FeP4X2 coordination 

environments, respectively.
38-40 

More recently, other SCO systems with mixed N/S 

donor atoms have been reported and structurally characterized.
41-45

 Among them, 

mononuclear or dinuclear complexes based on thioether ligands, with FeN4S2 

coordination sphere, have been shown to exhibit original transitions such as multi-step 

cooperative SCO behaviour.
41-44 

Concerning Fe(II) complexes with FeN5S coordination 

sphere, very few examples have been investigated,
45-49

 and to the best of our knowledge, 
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only one example, [{Fe(tpc-OH)(NCS)(μ-NCS)}2](PrOH)2 (2), exhibits a SCO 

behaviour.
45

 The latter is a dinuclear SCO Fe(II) complex based on the tripodal ligand 

tris(2-pyridyl)methanol (see scheme 1, R = H) for which the Fe(II) ions are connected 

by a pair of end-to-end thiocyanato bridges (-N:S-SCN coordination mode) in a 

head-to-tail configuration.
45

 Very recently, we enriched this uncommon Fe(II) dinuclear 

system by a second example, [{Fe(tpc-Obn)(NCS)(μ-NCS)}2] (3), based on nearly 

similar tripodal ligand (see Scheme1, R = C6H5), but for which the magnetic studies 

indicated the occurrence of ferromagnetic interactions and the absence of any SCO 

transition.
46 

 

Scheme 1. Substituted tris(2-pyridyl)methane ligands (tpc-OR, with R = H , Me, 

C6H5,…). 

In this context, we report in the present work, the synthesis, crystal structures, 

differential scanning calorimetry (DSC), magnetic properties and MO extended-Hückel 

calculations of the [{Fe(tpc-OMe)(NCS)(μ-NCS)}n] (tpc-OMe = tris(2-

pyridyl)benzyloxymethane) complex (1), as the first SCO 1-D coordination polymer 

exhibiting an unusual FeN5S coordination sphere. The structure-properties relationship 

of this compound has been discussed on the basis of MO extended-Hückel calculations 

and on the two previous compounds, 2 and 3, based on similar tripodal ligands and end-

to-end thiocyanato bridges. 

■ RESULTS AND DISCUSSION 

Synthesis. The tris(2-pyridyl)metoxymethane (tpc-OMe) ligand was synthesized 

according to the previously described method
 
(see Figures S1, S2 and S3).

50
 The 

crystalline powder of compound 1 was synthesized by adding slowly an acetonitrile 

solution of K(NCS) to a methanolic solution of FeCl2·4H2O and tris(2-

pyridyl)methoxymethane (tpc-OMe) in 2:1:1 ratio, respectively. The single crystals of 1 
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have been prepared using diffusion technique in glass tube (3.0 mm diameter) by 

delicately layering a methanolic solution of K(NCS) onto a methanolic solution 

containing FeCl2.4H2O and tris(2-pyridyl)methoxymethane. 

Crystal structure description. Based on the conclusions derived from the thermal 

variation of the magnetic data and from the Differential Scanning Calorimetry (DSC) 

measurements (see below), the crystal structure of [{Fe(tpc-OMe)(NCS)(μ-NCS)}n] (1) 

was determined at 296 and 150 K. The unit cell parameters, derived at these two 

temperatures, indicate the absence of any structural transition within the studied 

temperature range. Compound 1 crystallizes in the monoclinic system with a P21/n 

space group. Crystal data, bond lengths and bond angles are given in Tables S1 and S2. 

The following general structural description for 1 is relative to the room temperature 

data (296 K). The pertinent structural change induced by the thermal variation will be 

discussed in the section devoted to the magneto-structural relationships. The 

asymmetric unit of 1, depicted in Figure 1, consists of one Fe(II) ion, one tpc-OMe and 

two thiocyanato ligands, all located on general positions. The molecular structure of 1 

can be described as a regular zig-zag neutral chain running along the [010] direction, in 

which one of the two NCS
-
 anions act as a 2-bridging ligand (µ-N:S-SCN) (Figure 

1).  

 
Figure 1. View of the 1-D covalent neutral chain of 1 along the [010] direction and the 

local environments for Fe(II). Codes of equivalent positions: (a) 1/2-x, 1/2+y, 1/2-z ; 

(b): x, 1+y, z. 

Within the covalent molecular neutral chain, the iron(II)
 
metal ion exhibits a distorted 

FeN5S polyhedron, arising from the coordination of the three pyridine nitrogen atoms of 

the tpc-OMe ligand (N4, N3 and N5), and from the two nitrogen (N1 and N2) and the 
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sulphur (S1
(a)

) atoms, belonging to the two equivalent bridging (see Figure 1: Fe-N1-

C1-S1 and Fe-S1
(a)

-C1
(a)

-N1
(a)

) and to the terminal thiocyanato (Fe-N2-C2-S2) ligands. 

At room temperature, the three Fe-Npyr distances in the 2.165-2.213 Å range, are 

significantly longer than the Fe-N distances corresponding to the terminal (Fe-N2: 

2.054(8) Å) and to the end-to-end bridging (Fe-N1: 2.108(8) Å) thiocyanato ligands. As 

expected, the Fe-S (2.573(3) Å) is the longest distance around Fe(II)
 
ion and the 

intrachain Fe···Fe distance is 5.971(2) Å. The bond angles deviate considerably from 

ideal values as demonstrated by the high value of the distortion parameter ()
51

 depicted 

in table 1. 

Table 1. Selected bond lengths (Å) and bond angles (°) in compound 1 at 296 K. 

Fe-N1 2.108(8) Fe-N4 2.179(7) 

Fe-N2 2.054(8) Fe-N5 2.213(7) 

Fe-N3 2.174(7) Fe-S1
(a)

 2.573(3) 

Fe…Fe
(a)

 5.971(2)   

 

N1-Fe-N2 

 

94.5(3) 

 

N2-Fe-S1
(a)

 

 

87.8(2) 

N1-Fe-N3 168.8(3) N3-Fe-N4 79.4(3) 

N1-Fe-N4 91.4(3) N3-Fe-N5 83.2(3) 

N1-Fe-N5 89.4(3) N3-Fe-S1
(a)

 99.4(2) 

N1-Fe-S1
(a)

 88.1(2) N4-Fe-N5 84.0(3) 

N2-Fe-N3 94.1(3) N4-Fe-S1
(a)

 97.4(2) 

N2-Fe-N4 172.2(3) N5-Fe-S1
(a)

 177.2(2) 

N2-Fe-N5 91.1(3) Σ(Fe) / ° 56.0 

Symmetry transformations used to generate equivalent atoms: (a) : 1/2-x, 1/2+y, 1/2-z; 

 is the sum of the deviation from 90° of the 12 cis-angles of the FeN5S octahedron.
51 

 

Examination of the crystal packing in 1 reveals that the shortest intermolecular distances 

correspond to the -stacking contacts between the pyridine groups of two adjacent 

chains. As shown in Figure 2, two - contacts between the tpc-OMe ligands of 

adjacent chains, connect the 1-D chains along the a-c and the a+c crystallographic 

directions, leading to an overall 3-D packing. 
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Figure 2. 3-D Packing of 1 in the ac plane showing the shortest - contacts between 

the pyridine groups (see red dashed lines) of adjacent chains running along the a-c 

(C…C 3.714 Å) and the a+c (C…C 3.599 Å) directions. 

 

Magnetic and calorimetric characterizations. To characterize the thermal behavior of 

1, polycrystalline powder has been used. The room-temperature X-ray powder 

diffraction pattern (XRPD) of this powder has been recorded to confirm its 

isomorphism with the single crystal phase. The measured pattern of microcrystalline 

powder of 1 is similar to the pattern derived from the single-crystal data (Figure 3). 

Chemical analysis on this powder, showed a very good agreement with the expected 

values for the CHN elemental analyses (see experimental section). The absence of any 

amorphous impurities in the crystalline powder was confirmed by IR spectroscopy 

which showed that the spectrum of the single crystals is similar to that measured for the 

crystalline powder of 1 (see Figures S4a and S4b). The infrared spectrum of 1 displays 

two strong absorption bands at 2104(s) and 2069(s) cm
-1

. The first band can be assigned 

to the bridging coordination mode of the NCS
-
 group (-N:S-SCN), where the second 

one is assigned to the terminal coordination mode (N-SCN).
52
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Figure 3. Observed and calculated X-ray powder diffraction patterns for [{Fe(tpc-

OMe)(NCS)(μ-NCS)}n] (1). 

The thermal variation of the MT product for compound 1 in the temperature range 10-

350 K (M = the molar magnetic susceptibility per one Fe(II) ion) under a magnetic field 

of 10 kOe is shown in Figure 4a. At room temperature, the value of the MT product of 

3.56 cm
3
·K·mol

-1
 agrees well with the value expected for a magnetically isolated HS (S 

= 2) Fe(II) ion with g = 2.18. Upon cooling, the MT value remains relatively constant 

up to ca. 250 K and then sharply decreases reaching a value of 0.06 cm
3
·K·mol

-1
 at 10 

K, indicating the occurrence of a complete and abrupt HS/LS transition with a transition 

temperature of 199 K. This behavior is in excellent agreement with the DSC studies for 

which the thermal dependence of the heat flow reveals exo- and the endo-thermic 

transitions with maxima at 198 K and 199 K, respectively (Figure 4b). From these 

calorimetric data, a ∆H value of 7.87 kJ mol
-1

 can be extracted. Assuming that ∆S = ∆H 

/ T1/ 2, the variation of entropy could be calculated as equal to 39.6 J mol
-1

 K
-1

. Using 

these values and adding a cooperative parameter Γ = 2.75 kJ mol
-1

, a very reasonable 

simulation of the thermal SCO curve can be obtained (inset Figure 4a) using the Slichter 

and Drickamer model.
53
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Figure 4. (a) Thermal variation of the MT product for 1 showing the abrupt incomplete 

spin transition at 199 K (scan rate = 0.8 K•min
-1

). The inset reports the Slichter & 

Drickamer fit (red line) as discussed in the text. (b) DSC study for 1 (scan rate = 0.8 

K•min
-1

) revealing the exo- and the endo-thermic transitions with maxima at 198 K and 

199 K, respectively. These values, derived from the maximum of the DSC peaks, are in 

good agreement with the transition temperature (ca. 199 K) derived from magnetic data. 
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Since DSC studies showed a narrow hysteresis loop (T½
up 

= 199 and T½
down 

= 198 K), we 

have investigated the evolution this hysteresis loop, as a function of the scan rate, using 

magnetic and calorimetric characterizations, to confirm the bistable character of 1. The 

magnetic characterizations clearly show that both transition temperatures (in the cooling 

and warming scans) are dependent on the scan rate (Figure 5). 

 

 

Figure 5. Hysteresis loops of the SCO transition at different scan rates in the range 0.8-

10 K/min, indicating the dependence of both transition temperatures (T½
down

 and T½
up

) 

and the hysteresis width (T) with the scan rate: magnetic (a) and DSC (b) 

measurements. 

When the scan rate varies from 0.8 to 10 K/min, the transition temperature varies from 

199.9 K to 199.0 K in the cooling mode, and from 201 to 205 K for the warming mode 

(Figure 5a). This magnetic bistability was confirmed by DSC studies (see Figure 5b) 
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that reveal exo- and endo-thermic transitions with similar variation when the scan rate 

varies from 0.8 to 10 K/min (T½
down

 from 198.1 to 196.7 K; T½
up

 from 199.1 to 201.3 

K). As clearly shown in Figure 5, the two transition temperatures vary linearly with the 

scan rate, indicating a hysteresis width of less than 1 K at infinitely slow temperature 

scan rate, with an error of 0.3 K in the linear fit. Let us note that, despite different 

physical characterizations and sample preparations between magnetic and DSC 

measurements, the discrepancy between the related T1/2 values are rather small. 

LIESST effect was attempted on compound 1. Different wavelengths between 

405 and 980 nm were tested and 510 nm appeared to induce an increase of the magnetic 

response. However, this increase is very small. Whatever the fluence used from 5 to 35 

mW / cm² on the sample, the photoconversion efficiency did not exceed 10 %. 

Moreover, when light was switched off, a very rapid decrease of the magnetic signal 

was observed since in less than one minute the initial value was recovered (Figure 6). 

This indicates a very fast relaxation process of the photo-induced state. 

 

Figure 6. Irradiation (∆) of sample 1 at 10 K at different light fluences; followed by 

relaxation in the dark (▼). 

Magneto-structural relationships. Based on the transition temperature derived from 

the magnetic and the DSC data, the crystal structure of 1 has been determined at 150 K. 

Since the average value of the Fe-L distances (Fe-N and Fe-S in the case of compound 

1) and the distortion parameter () are highly sensitive to the Fe(II) spin state, both 
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parameter will be used in this section to assign the spin state on the Fe(II) 

crystallographic centers. Table 2 lists the Fe-N and Fe-S bond lengths observed for 

compound 1, and for [{Fe(tpc-OH)(NCS)(μ-NCS)}2](PrOH)2 (2)
45

 and [{Fe(tpc-

Obn)(NCS)(μ-NCS)}2]
 
(3);

46
 two discrete dinuclear examples (see Scheme 2) involving 

similar ligands than those of compound 1, and FeN5S distorted octahedral geometry. 

 

Scheme 2. Schematic representation of [{Fe(tpc-OH)(NCS)(μ-NCS)}2](PrOH)2
45 

(2, R 

= H) and [{Fe(tpc-Obn)(NCS)(μ-NCS)}2]
46 

(3, R = bn = C6H5). 

Table 2. Comparison of selected Fe-N and Fe-S distances (Å) in 1 and in two other 

examples containing the [Fe2(µ-SCN)2] fragment and the FeN5S octahedral 

environment. 

 1 245
 346

 

Spins state 

/ T 

HS / 296K LS / 150 K HS / 296 K LS / 100 K HS /170 K 

Fe1-N1 2.108(8) 1.949(3) 2.105(5) 1.941(2) 2.108(4) 

Fe1-N2 2.054(8) 1.946(4) 2.062(5) 1.948(2) 2.054(4) 

Fe1-N3 2.174(7) 1.976(3) 2.169(4) 1.966(2) 2.237(3) 

Fe1-N4 2.179(7) 1.967(3) 2.195(4) 1.969(2) 2.165(3) 

Fe1-N5 2.213(7) 1.993(3) 2.167(4) 1.957(2) 2.173(3) 

Fe1-S1 2.573(3) 2.377(2) 2.607(2) 2.397(1) 2.605(2) 

<Fe-N> 2.146(8) 1.966(4) 2.140(5) 1.956(2) 2.147(4) 

a
Σ(Fe) / ° 56.0 28.7 78.0 14.0 49.0 

 
SCO behavior, T1/2 = 199 K SCO behavior, T1/2 = 207 K HS / Ferromagnetic 

with J = +1.08 cm
-1

 

a
 = the sum of the deviation from 90° of the 12 cis-angles of the FeN5S octahedron.

51
 

tpc-OH = tris(2-pyridyl)metanol, tpc-Obn = tris(2-pyridyl)benzyloxymethane. 
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At room temperature (296 K) the average value of the five Fe-N (2.146(8) Å) and Fe-S 

(2.573(3) Å) distances of 1 (Table 2) are in good agreement with those observed for the 

HS Fe(II) ion in a FeN5S octahedral environment. The two dinuclear complexes (2 and 

3), depicted in scheme 2, display FeN5S distorted geometry, similar to that observed for 

compound 1, with systematically Fe-N(py) distances (Fe-N3, Fe-N4 and Fe-N5) 

significantly longer than the Fe-N distances corresponding to the bridging (Fe-N1) and 

terminal thiocyanato (Fe-N2) ligands. This deformation is stressed by the length of the 

Fe-S bond and by the bond angles which deviate considerably from ideal values, as 

demonstrated by the values of the  distortion parameters summarized in table 2 for the 

three complexes. The crystal structure determined at 150 K reveals, as expected, 

significant changes since the five Fe-N and Fe-S distances of 1 are substantially smaller 

(<Fe-N> = 1.966(4) Å; Fe-S = 2.377(2) Å), indicating the presence of a LS state of the 

Fe(II) ion. However, the three Fe-N(py) and the two Fe-N(NCS) distances do not show 

significant difference for the LS state for 1 and 2, leading to much less distorted FeN5S 

environments, in agreement with lower  distortion parameters. The variation of  

between the HS and LS in 1 is rather small (27°) which could explain the weak lifetime 

of the photo-induced state in this compound. Compound 2, however, that present a 

rather large ∆Σ (64°) could exhibit light-induced metastable HS state with a longer 

lifetime than in 1. 

Finally, a question arises concerning the magnetic behaviour of complexes 1-3: Why 1 

and 2 exhibit SCO behaviours, whereas 3 remains in the HS state in the 300-2 K 

temperature range? First, one could think, in answer to this question that the cooperative 

effect along the chain could favour the existence of SCO behaviour in compound 1. 

However, this hypothesis can be ruled out as compound 2 having a dinuclear structure 

also exhibits SCO behaviour with a T1/2 = 207 K, which is very close to that observed 

for 1. A more appropriate answer to the above question is based on the Fe-N-C angle of 

the terminal N-bound thiocyanate group. In a previous work, and based on theoretical 

ligand field calculations on Ni(II)-N-bound thiocyanate complexes, some of us 

suggested that, among other factors, the bent N-bound terminal thiocyanato ligand 

promotes a weaker ligand field on the Fe(II) ion than the linear configuration.
46

 So, the 

former configuration would favours the HS state, whereas the latter, the SCO transition. 

The fact that compound 1 containing almost a linear N-bound terminal thiocyanato 

ligand (Fe-N-C of 172.3 and 174.7° at 296 K and 150 K, respectively) exhibits SCO 
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behaviour seems to support this conclusion. In order to gain insight on the effect of N-

C-S bent angle of the N-bound terminal thiocyanate group on the crystal ligand field in 

these head to tail single and double thiocyanato-bridged Fe(II) complexes with FeN5S 

coordination sphere, we have carried out simple MO extended-Hückel calculations on 

the model given in Figure 7. This model derives from the structure of 1 by changing the 

pyridine moieties of the ligand by ammonia molecules and varying the N-C-S angle of 

the N-bound terminal group () between 180° (linear thiocyanate) and 90°. As 

expected, the energy gap () between the highest energy d orbital arising from the t2g set 

in a hypothetical octahedral geometry (dxy) and the lowest energy d orbital arising from 

the eg set (dz2) decreases as the  angle diminishes (see Figure 7). For the  value 

observed for the dinuclear complex [{Fe(tpc-Obn)(NCS)(μ-NCS)}2] (156.6°) a slight 

but significant reduction of the crystal ligand field is calculated (~70 cm
-1

), which 

would favour the HS configuration found for this complex.
46

 We have also studied the 

variation of the Fe-S-CN angle of the thiocyanate bridge between 102.7° (the 

experimental value at 296 K) and 180 ° (linear) and the change in the energy gap () 

was only of 11.7 cm
-1

. 

 

Figure 7. Ligand field variation with the Fe-N-CS angle of the terminal N-bound 

thiocyanato group. Inset: Model compound used in MO-EH calculations.  
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This result indicates that for these [{Fe(tpc-OR)(NCS)(μ-NCS)}2] complexes with 

similar Fe-N and Fe-S distances, the Fe-N-C angle of terminal N-bound thiocyanato 

group seems to be the most important structural factor controlling the ligand field and 

therefore the spin configuration of the Fe(II) atom. Nevertheless, more examples of 

closely related dinuclear and chain thiocyanato-bridged Fe(II) complexes containing a 

terminal thiocyanato ligand would be needed to confirm this assumption. 

■ CONCLUSIONS 

We have prepared a new example of the uncommon Fe(II) 1-D coordination polymer. In 

this compound of formula [{Fe(tpc-OMe)(NCS)(μ-NCS)}n] (1), the metal iron(II) ions 

are bridged by a single thiocyanato ligand acting with a -N:S-SCN bridging 

coordination mode, leading to a neutral zig-zag chain along the [010] direction. The 

FeN5S polyhedron, arises from the coordination of the three pyridine nitrogen atoms of 

the tpc-OMe ligand, and from the two nitrogen and one sulphur atoms belonging to the 

two equivalent bridging and to the terminal thiocyanato ligands. The thermal variation 

of theMT product shows abrupt and complete HS/LS transition at 199 K with a scan 

rate of 0.8 K/min. This behavior is in good agreement with the significant changes of 

the FeN5S coordination sphere derived from the structural characterizations at room 

temperature and at 150 K, and with the DSC studies for which the thermal variation of 

the heat flow indicated exo- and endo-thermic transitions at 198 and 199 K, 

respectively. In order to confirm the cooperative character of the sharp magnetic 

transition, a detailed study of the hysteresis loop as a function of the scan rate clearly 

indicate the presence of two distinct transition temperatures in cooling and warming 

modes, with a significant dependence on the temperature scan rate. From the design and 

experimental point of views, this work shows slight chemical changes of the functional 

group (R) of the tripodal ligand (tpc-OR) induce drastic changes in the structural and in 

the magnetic characteristics: the tpc-OH and tpc-Obn led to two dinuclear complexes 

[{Fe(tpc-OR)(NCS)(μ-NCS)}2] exhibiting spin crossover behaviour (R = H, 2)
45

 and 

ferromagnetic coupling (R = C6H5, 3),
46

 while the tpc-OMe ligand led to Fe(II) 1-D 

coordination polymer (1) with a cooperative SCO transition. Last but not least, these 

significant structural and electronic differences cannot be exclusively attributed to the 

nature of the sterically hindered functional group inducing structural deformation 

around the coordination sphere since the solid-state packing also can affect strongly the 
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elastic and the magnetic interactions.
54-57

 In fact, experimental and MO extended 

Hückel calculations suggest that the almost linearity of the N-bound terminal 

thiocyanato, which is promoted by the - and weak C-H···S intermolecular 

interactions, plays a significant role in the observation of SCO behavior. It should be 

noted that this conclusion also confirmed a recent study on SCO mononuclear 

complexes, involving two NCS
-
 ligands but different N-based neutral co-ligands, for 

which it has been shown that the linearity of the Fe-N-C angles favours the LS state of 

the Fe(II) centre.
58

 

■ EXPERIMENTAL SECTION 

General Procedures. All reagents were purchased from commercial sources and used 

without purifications. Solvents were distilled by standard procedures. The tris(2-

pyridyl)methoxymethane (tpc-OMe) molecule was synthesized as previously described 

(see Figure S1-S3).
50

 

Preparation of [{Fe(tpc-OMe)(NCS)(μ-NCS)}n] (1). To a solution of tris(2-

pyridyl)methoxymethane (tpc-OMe) (138.4 mg, 0.5 mmol) in 8 mL of EtOH was 

progressively added a methanolic solution (8 mL) of FeCl2·4H2O (99.4 mg, 0.5 mmol). 

Then a solution of potassium thiocyanate (97.2 mg, 1.0 mmol) in 10 mL of MeCN was 

slowly added under stirring. The resulting yellow solution gave polycrystalline yellow 

powder of 1 after two days at room temperature (yield. 168.5 mg, 75 %). Anal. Calcd. 

for C19H15FeN5OS2 (1): C, 50.7; N, 15.6; H, 3.3. Found: C, 50.9; N, 15.9; H, 3.4. IR 

data (ATR, /cm
-1

) of 1 (see Figure S4a): 2104(s), 2069(s), 1593(m), 1461(s), 1434(m), 

1204(m), 1157(m), 1131(m), 1100(m), 1082(s), 1013(m), 984(m), 783(m), 757(s), 

658(s), 632(m), 633(m), 504(w), 473(m), 456(m), 424(s). Single-crystals of 1 were 

obtained by slow diffusion, in a glass tube (3.0 mm diameter) of two CH3OH solutions: 

the first one was prepared by dissolving FeCl2.4H2O (45.7 mg, 0.23 mmol) and tris(2-

pyridyl)methoxymethane (63.0 mg, 0.23 mmol) in 10 mL, and the second one was 

obtained by dissolving KNCS (44.0 mg, 0.46 mmol) in 10 mL. A volume of 2 mL of the 

first solution was placed in the glass tube (3.0 mm diameter) and 2 mL of the second 

solution was added carefully. After three weeks, yellow small fine plate crystals of 1 

were formed by slow diffusion at room temperature. IR data (ATR, /cm
-1

) of 1 (see 

Figure S4b): 2104(s), 2069(s), 1592(m), 1461(s), 1435(m), 1204(m), 1158(m), 1131(m), 



17 
 

1100(m), 1082(s), 1014(m), 984(m), 783(m), 762(s), 670(m), 659(s), 644(m), 633(m), 

504(w), 474(m), 424(m). 

Physical Measurements. Infrared (IR) spectra were collected on a FT-IR BRUKER 

ATR VERTEX70 Spectrometer. 
l
H and 

13
C NMR spectra were recorded on Bruker 

AMX-500 spectrometer. DSC measurements were performed on a DSC-1/LN2 Mettler 

Toledo calorimeter. Magnetic and photomagnetic measurements were performed with a 

Quantum Design MPMS-XL-5 SQUID magnetometer in the 10-350 K temperature 

range. The theoretical MO extended-Hückel (MO-EH) calculations were performed by 

using hyperchem program
59

 (See SI for details). 

Crystallographic Data Collection and Refinement. Crystallographic study of 

compound 1 was performed at 296 and 150 K. The crystallographic data have been 

collected on an Oxford Diffraction Xcalibur CCD diffractometer with Mo K radiation. 

Single crystal of 0.15 x 0.04 x 0.02 mm
3
 was used to collect the data. For both 

temperatures, the data collections were performed using 1° -scans with an exposure 

time of 260 s per frame. The unit cell determinations and data reductions were 

performed using the CrysAlis program suite on the full set of data.
60

 The crystal 

structures were solved by direct methods and successive Fourier difference syntheses 

with the Sir97 program
61

 and refined on F
2
 by weighted anisotropic full-matrix least-

square methods using the SHELXL97 program.
62

 All non-hydrogen atoms were refined 

anisotropically while the hydrogen atoms were calculated and therefore included as 

isotropic fixed contributors to Fc. Due to the low absorption coefficient of 1 only semi-

empirical absorption correction was needed and performed by the multi-scan method.
60

 

Crystallographic data including refinement parameters, bond lengths and bond angles 

are given in Tables S1 and S2, respectively. It should be noted that the small size of the 

single crystals of 1 did not allow an accurate data collection at room temperature. 

However, data collection with a relatively high exposure time (260 s per frame) led to 

correct structural data, in particular at low temperature (150 K). Room-temperature X-

ray powder diffraction spectrum (XRPD) was recorded on a PANalytical Empyrean X-

ray powder diffractometer at 45 kV, 40 mA with a Cu-target tube (Figure 3). 
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A new cooperative Fe(II) spin crossover (SCO) coordination polymer, with a 

single end-to-end thiocyanato bridges and an unusual FeN5S coordination sphere, has 

been described. Experimental and theoretical investigations showed that the linearity of 

the N-bound terminal thiocyanato ligand plays a significant role in the presence of the 

SCO transition. 
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