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Abstract: The lipophilic linear FeII triazole complexes 
[FeII(L)3]Cl2 (L = 1–5) were synthesized using ligands 1–5 
containing amide bonds between alkyl chains and 1,2,4-
triazole ligands with various spacer methylene length. When 
the amido and ether linkages are introduced in the alkyl 
chain moiety, the iron complexes are dissolved in 
chloroform, [FeII(1)3]Cl2 forms a pale purple jelly-like 
phase. The purple color is accompanied by a structured 
absorption around 540 nm, characteristic of iron (II) in the 
low spin (LS) state. Atomic force microscopy (AFM) and 
transmission electron microscopy (TEM) of the jelly-like 
phase confirm the formation of networks of fibrous nano 
assemblies with widths of 10–30 nm. The observed widths 
are larger than the molecular lengths of the triazole ligands. The pale purple jelly-like phase turned into a pale-yellow 
solution by heating above ca 310 K, indicating the formation of high spin (HS) state complexes. The complexes show 
irreversible spin crossover in the solid state, characterized by SQUID. Interestingly, an abrupt spin crossover is observed 
in solution reversibly with some thermal hysteresis. UV-vis spectra also showed reversible spin crossover phenomena 
dependent on the spacer length between the amide group and the Fe(II) triazole complexes. IR spectra of these complexes 
in chloroform show the formation of hydrogen bonding from amide groups, which enhanced alkyl-chain packing in the 
coordination polymers. The freeze-dried iron triazole complexes form lamellar structures, which indicates the alkyl 
chains extending radially from the octahedral triazole complex moiety are oriented in a lamellar packing due to the 
presence of flexible ether linkages in alkyl chains, which allowed decoupling the alignment of the dodecyloxy alkyl 
chains from the spacer methylenes connected to the Fe(II) triazole complexes. Introducing amide bondages to the 
lipophilic one-dimensional coordination systems stabilizes the low-spin state by hydrogen bond networks. It provides 
hysteresis in the spin crossover in solution, ascribed to the recombination of hydrogen bonds during the temperature 
change between the heating and cooling sides. Combining hydrogen bonds and lipophilic one-dimensional complexes 
provides a valuable means to enhance their stability and control physical properties in solution. 
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1. Introduction 

The concept of spin crossover (SCO) was first introduced by Cambi and colleagues in the 1930s [1]. Since 
then, a significant number of SCO compounds have been reported, particularly those in solid-state materials. The 
phenomenon of spin crossover with hysteresis, realized by strong cooperative effects, has attracted much attention 
due to its potential applications in magnetic devices and information storage materials [2,3]. Cooperativity, a 
crucial phenomenon, facilitates the propagation of spin state information from a metal complex to neighboring 
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complexes, resulting in collective spin state transitions throughout the system. In crystalline solids, the degree of 
cooperativity is determined by the interactions between neighboring metal complexes, which are influenced by the 
molecular structure of metal complexes, intermolecular interactions, and molecular arrangement in crystals. 
Achieving enhanced cooperativity in spin-crossover systems with long-range interactions between metal ion units 
is essential. Realizing such cooperativity in one-dimensional (1D), two-dimensional (2D), or three-dimensional 
(3D) networks, along with the rational control of the spin crossover behavior is essential to develop next-generation 
materials with quantum spin functions [4–12]. 

In particular, the spin crossover properties of 1D iron(II) triazole complexes have been studied extensively by 
both chemists and physicists. For instance, Kahn and his collaborators reported that mixed-ligand iron(II) triazole 
complexes exhibit abrupt spin crossover with sizeable thermal hysteresis near room temperature [3,13]. After this 
seminal work, iron(II) triazole complexes were recognized as promising candidates for magnetic devices. These 
complexes have been studied in bulk crystalline forms and other matrices, including polymer films [14–16], polymer 
derivatives [17–20], and surfactant-capped crystalline nanoparticles [21,22]. Thus, iron(II) triazole complexes serve 
as spin crossover materials that can be realized in bulk solids and various material systems [23–25]. 

In addition to the conventional studies focusing on the solid state, spin crossover has also been investigated 
for monomeric complexes in solutions, [26–32] self-assembly in liquid crystals or gels [25,33–38], and polymer-
hybrid systems in gels [39–42]. In solutions, molecularly dissolved iron(II) complexes show spin equilibrium 
without hysteresis. Metal complexes in gels are more or less solvated by solvent molecules, resulting in a 
substantial reduction in the cooperativity that requires strong intermolecular interactions. The spin crossover 
observed for these solutions and gels generally reflects the thermal equilibrium of each complex governed by the 
Boltzmann distribution, resulting in gradual changes [27–32]. It is widely observed that metal complexes 
exhibiting abrupt spin crossover in the solid state exhibit a smooth spin equilibrium in solution [43–45], and it 
remains a challenge to develop molecular design principles to achieve cooperative spin crossover with hysteresis 
in organic media. 

To address this issue, we have developed lipophilic bridging triazole ligands by introducing an alkyl chain 
containing a flexible ether linkage to disperse one-dimensional triazole complexes as nanowires in organic media 
[46–53]. Iron(II) complexes bearing 4-dodecyloxypropyl-1,2,4-triazole ligands revealed a low-spin (LS) state in 
solid or film state and formed organogels when dispersed in organic solvents such as chloroform. Meanwhile, the 
low-spin (LS) state is destabilized in gels due to the solvation of alkyl chains that increased the Fe-Fe distances, 
and the gels showed a high-spin (HS) state. To overcome the destabilization of the LS state based on the solvation 
of the lipid-soluble alkyl chains directly bound to the triazole ligand, we introduced anionic lipids as counter anions 
of the 1D iron(II) 1,2,4-triazole complexes [54]. This supramolecular approach led to a remarkable stabilization 
of LS complexes in organic media. It enabled spin conversion, i.e., the spin control via temperature-dependent 
dynamic self-assembly of linear coordination chains [54]. These results indicate the importance of supramolecular 
stabilization of LS complexes and self-assembly as valuable strategies for improving spin crossover phenomena 
in soluble coordination polymer systems. 

In this study, we introduced hydrogen bond networks to stabilize the LS state of 1D iron(II) 1,2,4-triazole 
complexes. We developed new ether-lipophilic triazole ligands containing an amide bondage. These complexes 
were dispersible in organic media, and we investigated their spin crossover properties in solutions and gels. We 
found that hydrogen bonding enhances the thermal stability of the low-spin (LS) state in solution. In addition, after 
the LS-HS transition by heating, the reversed HS-LS transition during the cooling process showed thermal 
hysteresis originating from the recombination process of hydrogen bonds. The cooperative spin crossover behavior 
is discussed regarding the structural changes of iron(II) 1,2,4-triazole complexes and their mesoscopic 
nanostructures formed by self-assembly. These findings provide a simple and valuable means to regulate the self-
assembly behavior of iron(II) 1,2,4-triazole complexes and their spin crossover characteristics. 

2. Experimental Section 

2.1 Materials 

Reagents and solvents were obtained from commercial sources. Anhydrous chloroform and methanol were 
obtained by distillation over CaCl2 and CaH2, respectively. The product was synthesized according to the previous 
report (see Supporting Information) [55]. The structures of triazole derivatives and the final ligands were 
confirmed by thin-layer chromatography, Fourier Transform Infrared Spectroscopy (FT-IR PreStage21, Shimadzu, 
Kyoto, Japan) and Nuclear Magnetic Resonance (NMR) spectroscopies (DRX600, 600 MHz, Bruker, Billerica, 
MA, USA), and elemental analysis. 
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2.2 Measurements 

Ultraviolet-visible (UV-vis) spectra were measured on V-550, V-560, or V-570 spectrophotometer (JASCO, 
Tokyo, Japan). Transmission electron microscopy (TEM) was conducted on a JEM-2010 (JEOL, Tokyo, Japan), 
operating at 120 kV. Specimens for TEM were prepared by transferring the surface layer of gels or solutions on carbon-
coated TEM grids or HOPG [56]. Atomic force microscopy (AFM, contact mode) was carried out with a PicoPlus 
microscopy (Molecular Imaging, Tempe, AZ, USA) with a cantilever of SI-AF01. Specimens for AFM observations 
were prepared by using a freshly cleaved, highly oriented pyrolytic graphite (HOPG, ZYA, 10 × 10 mm2, NT-MDT Co., 
Tempe, AZ, USA). Differential scanning calorimetry (DSC) was conducted on an SSC-5200H instrument (Seiko 
Instruments Inc., Chiba, Japan) (heating rate = 1 K min−1). Samples for DSC measurements were placed in an aluminum 
pan (SSC000E33, Seiko Instruments Inc., Chiba, Japan). Magnetic susceptibility measurements were performed on an 
MPMS-7XL superconducting quantum interference device (SQUID) magnetometer (Quantum Design, San Diego, CA, 
USA) in a temperature range of 100–400 K (solid state) and 210–350 K (liquid state). Magnetic data were corrected for 
diamagnetic contributions from triazole ligands and sample holders. The Pascal constants of the ligands and 
susceptibilities of the holders, which were measured separately, were used for the correction. The wide-angle X-ray 
diffraction (WAXD) data were recorded on a powder X-ray diffractometer at BL02B2 in SPring-8 (Hyogo, Japan; 
operation energy = 8 GeV, stored current = 100 mA, λ = 1 Å). For XRD, samples are placed in a capillary (Markrohrchen 
aus Glas Nr. 14, 80 mm(long) × 0.5 mm(diameter) × 0.01 mm(thick)), Hilgenberg GmbH, Malsfeld, Germany). 

3. Result and Discussion 

The lipophilic triazole ligands 1–5 (Scheme 1) were synthesized by modifying the literature method [55]. A 
flexible ether linkage was introduced in 1–5, since it enhances the solubility in organic media and provides the 
packing of alkyl chains in the supramolecular assemblies [57–61] and coordination polymers [46,48–52]. The iron 
triazole complexes containing ligands 1–5 were prepared by mixing each ligand with FeCl2 in dry methanol at 
room temperature and were obtained as powders. 

 

Scheme 1. Chemical structure of [Fe(L)3]Cl2, (L = 1–5). 

When [FeII(1)3]Cl2 was dissolved in chloroform, a pale purple jelly-like solution was formed at room 
temperature (concentration, 5 unit mM, Figure 1a). Here, the “unit mM” refers to the concentration per [Fe(1)3]2+ 
monomeric unit of the coordination polymer. Upon heating, the jelly-like solution turned to a yellow solution 
above the temperature of ca. 310 K (Figure 1b). It indicates that the LS state is thermally stabilized by possibly 
polymeric self-assemblies that form the jelly-like solution. In contrast, the complex in the HS state does not retain 
the jelly-like solution and is dispersed in chloroform. The pale purple jelly-like solution was also formed in the 
case of [FeII(2)3]Cl2. On the other hand, the complex with a more extended spacer methylene unit [FeII(3)3]Cl2 
formed a colorless, i.e., HS-state jelly-like solution, indicating the absence of LS species. The longer-spacer 
compounds [FeII(4)3]Cl2 and [FeII(5)3]Cl2 were dispersed in chloroform without forming jelly-like solutions at  
5 unit mM. These results indicate that the solution characteristics depend on the spacer length between the 
dodecyloxypropyl chain and the triazole ring, and their solution properties and spin state are controlled by the 
spacer moiety. The spacer-length-dependent properties of the solution are further examined in detail, as discussed 
later, by FT-IR spectroscopy and wide-angle X-ray diffraction. 

Atomic force microscopy (AFM) was performed to investigate the morphology of the coordination structures. 
Figure 2a shows an AFM image of [FeII(1)3]Cl2 transferred on highly oriented pyrolytic graphite (HOPG). 
Networks of fibrous nanoassemblies with a width of 10–30 nm are abundantly observed. Transmission electron 
microscopy (TEM) was also conducted to investigate [FeII(1)3]Cl2 transferred onto a carbon-coated copper grid 
(Figure 2b). Fibrous nanostructures with a width of 20–50 nm are abundantly seen. The formation of the fibrous 
nanostructures are also observed for the other iron triazole complexes [FeII(2–5)3]Cl2 ([FeII(2)3]Cl2, 10–30 nm, 
Figure S1a; [FeII(3)3]Cl2, 10–30 nm, Figure S1b; [FeII(4)3]Cl2, 10–50 nm, Figure S1c; [FeII(5)3]Cl2, 10–50 nm, 
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Figure S1d). Since the molecular length of ligands 1–5 is in the range of 26–32 Å (1, 26.5 Å; 2, 27.1 Å; 3, 29.0 Å; 
4, 30.0 Å; 5, 31.5 Å, estimated by Corey–Pauling–Koltun (CPK) model), the widths of fibrous structures are larger 
than twice the molecular length of ligands. Therefore, they comprise a few strands of linear triazole complexes, as 
schematically shown in Figure 2c. 

 

Figure 1. Pictures of [Fe(1)3]Cl2 in chloroform: (a) a pale purple jelly-like phase at 298 K. (b) a pale yellow solution 
at 323 K. 

   
(a) (b) (c) 

Figure 2. (a) AFM image of [Fe(1)3]Cl2 (5 unit mM) transferred on HOPG. (b) TEM image of [Fe(1)3]Cl2 (5 unit mM) 
transferred on a carbon-coated TEM grid. (c) Schematic illustration of iron triazole complexes in fibrous nanofiber. 

Figure 3 compares the temperature dependences of the magnetic susceptibility for [FeII(1)3]Cl2 in chloroform 
and that observed for the powdery [FeII(1)3]Cl2. In the solid state, [FeII(1)3]Cl2 exhibits a spin crossover upon 
heating at 340 K, whereas the HS state was maintained during the cooling process to 200 K (Figure 3a). It indicates 
the spin crossover is irreversible in the solid state. On the other hand, [FeII(1)3]Cl2 in chloroform provides 
reversible spin crossover with thermal hysteresis around room temperature. Spin crossover temperature (Tsc) was 
301 K (Tsc↑) and 291 K(Tsc↓, Figure 3b). Tsc is the temperature at which the crossover produces a half-fraction of 
the HS state. Surprisingly, the spin crossover of [FeII(1)3]Cl2 in chloroform was accompanied by thermal 
hysteresis, although the coordination polymer was dispersed as fibrous nanostructures. To confirm the presence of 
thermal hysteresis, we measured the temperature dependence of UV-vis absorption spectra for [FeII(1)3]Cl2 
dispersed in chloroform, as shown in Figure 4a. At lower temperatures, a peak is observed around 528 nm, ascribed 
to the 1A1 → 1T1 transition of the LS complex. Upon heating the LS dispersion, the intensity of the 1A1 → 1T1 
transition decreased, while a new peak appeared around 800 nm. This near-infrared peak is assigned to a d-d 
transition of the HS complex (5T2 → 5E). Upon cooling the HS dispersion to 265 K, a reversible spectral change 
was observed with thermal hysteresis, which is in good agreement with the result of magnetic susceptibility 
measurement ([FeII(1)3]Cl2, Tsc↑ 301 K, Tsc↓ 291 K, Figure 4b). 

To date, thermal hysteresis of the spin crossover exerted by one-dimensional coordination polymers is 
observed in bulk or nano-crystalline structures, indicating that the expression of cooperativity requires crystalline 
order [6–12]. When Fe(II) 1,2,4-triazole complexes are dispersed in organic media as nanofibers, thermal 
hysteresis is not observed in their spin crossover [46,48,49,51]. Therefore, the thermal hysteresis observed for 
[FeII(1)3]Cl2 in chloroform indicates that the hydrogen bonding enhances the cohesive forces operating among 
ligand alkyl chains and effectively stabilize the LS complexes. 
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Figure 3. Temperature dependence of magnetic susceptibility χMT of [Fe(1)3]Cl2 in solid state (blue symbols and 
arrows) (a), and in chloroform (5 unit mM, red symbols and arrows) (b). The arrows accompanying the ▲(△) or 
▼(▽) symbols represent the heating or cooling processes, respectively. These data suggest reversibly thermal 
hysteresis in solution, in contrast to irreversible changes observed in the solid state. 

 

Figure 4. (a) Temperature dependence of UV-vis spectra of [Fe(1)3]Cl2 in chloroform (5 unit mM). The arrows 
indicate a decrease in the LS-derived absorption band at 528 nm and an increase in the HS-derived band around 
800 nm upon heating from 265 K to 313 K. (b) Temperature dependence of the absorption intensity (at 540 nm) 
during the heating and cooling cycles. The arrows accompanying the ▼ or ▲ symbols represent the heating or 
cooling processes, respectively. 

Figure S2 shows temperature dependences of the absorbance at 528 nm (LS species) during the heating and 
cooling cycles, observed for [FeII(L)3]Cl2 (L = 2–5). All these complexes showed spin crossover phenomena with 
weak thermal hysteresis around ambient temperatures. The temperature ranges of spin crossover shifted to lower 
temperatures for complexes containing more extended spacer unit ([FeII(2)3]Cl2, Tsc↑ 293 K, Tsc↓ 292 K, Figure 
S2a; [FeII(3)3]Cl2, Tsc↑ 298 K, Tsc↓ 289 K, Figure S2b; [FeII(4)3]Cl2, Tsc↑ 292 K, Tsc↓ 281 K, Figure S2c; 
[FeII(5)3]Cl2, Tsc↑ 287 K, Tsc↓ 282 K, Figure S2d). Among these complexes, however, we note that the complex 
[FeII(2)3]Cl2 did not show sufficient thermal hysteresis despite those observed for the iron(II) triazole complexes 
with longer-spacer chains (L = 3, 4, and 5, Figure S2a). The peculiar absence of a distinct thermal hysteresis in 
[FeII(2)3]Cl2, in contrast to the behavior observed for the longer-spacer analogues ([FeII(L)3]Cl2, L = 3, 4, and 5), 
is further discussed in terms of molecular packing based on the wide-angle X-ray diffraction analysis (discussed 
later). Moreover, the observed stabilization of the low-spin (LS) state as the spacer length decreases can be 
attributed to the closer proximity between the hydrogen-bonding amide moieties and the triazole rings, as described 
by the FT-IR spectra in the following paragraph. In particular, in chloroform, effective intermolecular hydrogen 
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bonding between the amido linkages is more likely to occur due to this structural proximity, which can restrict the 
molecular mobility of the triazole complexes. This suppression of dynamic motion may result in enhanced spin 
compaction and a preference for the LS state even at relatively higher temperatures. 

Fourier transition infrared (FT-IR) spectra of iron triazole complexes, [FeII(L)3]Cl2 (L = 1–5) in chloroform 
were measured at varied temperatures to investigate the relevance of hydrogen bonding between amide bonds to 
the observed thermal hysteresis. Chloroform dispersions of [FeII(L)3]Cl2 (L = 1–5) were introduced into a thin 
layer cell made of NaCl (Figure S3). In the course of heating chloroform dispersion of [FeII(1)3]Cl2, C=O stretching 
(ν(C=O)) and N-H vending (δ(N-H)) vibrations were observed at 1680 and 1561 cm−1, respectively (Temperatures 
at 278 K and 293 K, Figure S3a). These peaks indicate the formation not only of intermolecular hydrogen bonding 
among amido groups, but also intermolecular hydrogen bonding between amido group and halide anion, and 
intramolecular hydrogen bonding between amido group and C-H of triazole ligand [62,63]. In addition, a C=N 
stretching vibration (ν(C=N)) of the triazole unit was seen at 1416 cm−1, characteristic of the LS complex [64]. At 
323 K, the peak at 1416 cm−1 disappeared and was replaced by a new peak at 1401 cm−1, a typically observed 
change in IR spectra during the spin crossover of iron(II) 1,2,4-triazole complexes. When the dispersion was cooled 
to 293 K, the wavenumber of the ν(C=N) band did not change, but further cooling to 278 K shifted it back to  
1413 cm−1. The hysteretic change of ν(C=N) band is consistent with those observed in SQUID and UV-vis 
measurements. On the other hand, the C=O stretching (ν(C=O)) and N-H vending (δ(N-H)) peaks from the amido 
group were maintained in the temperature range from 278 K to 323 K. This indicates that hydrogen bonds are 
maintained during the process of spin crossover between LS and HS species in this temperature range, which 
contributes to stabilizing the coordination polymer structure in chloroform solution. It is also likely that the 
appearance of hysteresis is due to the recombination of hydrogen bonds during the cooling process. 

[FeII(2)3]Cl2 and [FeII(3)3]Cl2 showed the different temperature-dependence in FT-IR spectra (Figure S3b,c). 
In the case of [FeII(4)3]Cl2 and [FeII(5)3]Cl2, not only a gradual change of ν(C=N) band but also the red shift of 
ν(C=O) on heating was observed ([FeII(4)3]Cl2, 1643 cm−1 at 278 K, 1651 cm−1 at 323 K, Figure S3d,; [FeII(5)3]Cl2, 
1649 cm−1 at 278 K, 1655 cm−1 at 323 K, Figure S3e). The reversible shift of ν(C=O) indicates that these 
intermolecular hydrogen bondings are formed and are not maintained at higher temperatures. Since the shorter 
spacer methylene length between the alkoxy chain and the triazole ring in [FeII(1)3]Cl2 led to the maintenance of 
hydrogen bonding, whether hydrogen bonding works strongly or not depends on the spacer chain length directly 
connected to the triazole complex. In amide bonds close to the triazole group, effective hydrogen bonds are formed 
because of the proximity of the amide groups. Still, as the spacer chain length increases, the distance between the 
alkyl chains extending radially from the triazole complex increases, and at high temperatures, the intermolecular 
hydrogen bonds become easily broken due to the increased thermal fluctuations of the alkyl chains. Consequently, 
in [FeII(4)3]Cl2 and [FeII(5)3]Cl2, the radially extended alkyl chains become less susceptible to hydrogen bonding, 
which weakens the intermolecular interactions necessary for jelly-like formation. As a result, these complexes are 
presumed to be dispersed as solutions rather than forming jelly-like states. 

After the dispersions of iron triazole complexes in chloroform were freeze-dried, wide-angle X-ray 
diffraction was measured for dried powder of [FeII(1)3]Cl2 at 223 K and 373 K (Figure 5). [FeII(1)3]Cl2 showed the 
001, 002, and 003 Bragg peaks, respectively. These diffraction peaks indicate the presence of a lamellar structure 
with a long period of 41.0 Å. The heating of the powder samples of [FeII(1)3]Cl2 increases a lamellar d-spacing to 
44.5 Å. The increase in the long spacing is consistent with the melting of long alkyl chains and the changes in the 
molecular orientation of lipophilic alkyl chains [47,49,51,52]. [FeII(L”)3]Cl2 (L” = 3–5) also produced a lamellar 
structure with the increase of d-spacing depending on temperature (Figure S4b–d). It indicates the introduction of 
the alkyl chains with ether-linkage effectively decouples the alignment of alkyl chains from the radially oriented 
chains around the iron triazole complex. Previous reports on 4-alkylated triazole complexes form anisotropic, 
rodlike structures with organic substituents radially attached to the main chains [13,23,33,34,64–68]. In the present 
system, introducing the ether linkage into the alkyl chain moiety has effectively decoupled the alignment of alkyl 
chains from linear FeII tris-triazole main chains, thereby allowing the formation of regular lamellar structures. In 
addition, it also seems to separate van der Waals interaction among alkyl chains from hydrogen bonding of amido-
linkage. In contrast, the complex [FeII(2)3]Cl2 exhibited a decrease in d-spacing upon heating (see Figure S4a), 
suggesting that it adopts a distinct molecular packing mode compared to its analogues with other spacer lengths. 
This distinctive structural behavior aligns with the spin crossover properties observed in UV-vis spectroscopy, 
where [FeII(2)3]Cl2 did not exhibit a thermal hysteresis profile that diverged from those observed in complexes 
with longer or shorter spacers. Furthermore, FT-IR analysis revealed that the C=O stretching vibration for 
[FeII(2)3]Cl2 appears at 1651 cm−1 (Figure S3b), which is at lower energy compared to [FeII(1)3]Cl2 and 
[FeII(3)3]Cl2, and shows negligible thermal dependence. These results suggest that the hydrogen bonding mode in 
[FeII(2)3]Cl2 is less susceptible to thermal fluctuations, indicating the presence of a relatively weak hydrogen-
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bonding environment. Given that the distance from the triazole ring to the amide group in [FeII(2)3]Cl2 is neither 
excessively short nor long, it is likely that ether intramolecular hydrogen bonding involving intermolecular 
hydrogen bonding between the alkyl chains moderately contributes to the observed spin crossover behavior and 
molecular packing characteristics. These findings highlight the crucial role of spacer length in regulating 
hydrogen-bonding interactions and spin-state dynamics in lipophilic iron(II) triazole complexes. 

 

Figure 5. WAXS profiles of freeze-dried samples from [Fe(1)3]Cl2 in chloroform (5 unit mM) at 223 K and 373 K. 

4. Conclusions 

In conclusion, we have investigated the spin crossover phenomena of lipophilic iron triazole complex in 
organic media. Regarding nanofibrous dispersions in organic media, this is the first example of spin crossover with 
thermal hysteresis. A few works have been reported as lipophilic iron triazole complex in organic media to date. 
However, there has been no example of spin crossover with thermal hysteresis since the 3D interaction among 
triazole chain chains is weak in organic media [46,48,49,51,54]. It is to be noted that hydrogen bonding plays a 
key role in realizing spin crossover phenomena with hysteresis. The spacer length between the alkoxy chain and 
triazole ring is essential to the effective formation of hydrogen bonding from amide bondings, which is critical in 
determining the spin crossover characteristics. Introducing lipophilic chain units around coordination polymers is 
essential to convert solid-state pseudo-one dimensional complexes to flexible, soluble supramolecular nanowires. 
The effective use of hydrogen bonding contributes to stabilizing the coordination polymers in solution and creates 
bistable properties in thermally induced dynamic structural changes. These findings will be widely used to create 
functional, soft, and innovative functional coordination polymers. 

Supplementary Materials: Synthetic procedures, Thermal dependence of UV-vis spectra, TEM images, FT-IR spectra, and 
WAXD pattern can be downloaded at https://media.sciltp.com/articles/others/2506051646541837/MI-777-SI.pdf. 
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