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Abstract 

A tetraphenylethylene-based salen-type Schiff base ligand and its Fe(III) coordination 

complex were synthesized and characterized using spectroscopic, electrochemical, mass 

spectrometric, and single-crystal X-ray diffraction techniques. The ligand features an N2O2 

donor set and was obtained via Schiff base condensation with ethylenediamine, while 

reaction with FeCl3 afforded a di-μ-phenoxo-bridged dinuclear Fe(III) complex under 

mild conditions. Unlike previously reported Fe(III)-salen electrochromic systems, which 

are predominantly mononuclear and exhibit ligand-centered redox processes with limited 

modulation of intraligand electronic communication, the present system incorporates a 

rigid tetraphenylethylene scaffold and forms a centrosymmetric di-μ-phenoxo-bridged 

Fe(III) dimer. This structural motif enables coordination-induced electronic coupling 

between phenolate units, resulting in a distinct splitting of ligand-centered oxidation 

processes. Single-crystal X-ray diffraction confirmed a di-μ-phenoxo-bridged Fe(III) 

dimer with distorted octahedral geometry. Electrochemical studies show a quasi-

reversible ligand-centered oxidation in the free ligand, which splits into two separate 

redox events upon complexation, indicating the emergence of electronically non-

equivalent redox sites. Spectroelectrochemical analysis reveals the formation of phenoxyl 

radical species accompanied by ligand-centered intervalence charge–transfer transitions 

and the appearance of a near-infrared absorption band upon oxidation. A reversible color 

change from red to blue is observed, reflecting redox-driven modulation of the electronic 

structure. Overall, this work demonstrates that incorporation of a tetraphenylethylene-

based salen framework and formation of a di-μ-phenoxo-bridged Fe(III) dimer enables 

coordination-triggered intraligand electronic communication, leading to fundamentally 

different redox behavior compared to previously reported Fe(III)-salen electrochromic 

complexes, while no reversible metal-centered redox processes were detected within the 

experimentally investigated potential window. 
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1. Introduction 

Salen-type ligands are widely recognized in coordination chemistry for their 

structural rigidity and reliability as chelating agents [1,2]. Their synthesis is quite 
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straightforward and modular, which makes them appealing candidates to use as ligands 

during complexation with transition-metal ions [3,4]. Their N2O2 donor moiety provides 

a well-defined coordination environment that can stabilize metals with different oxidation 

states. Because of this stability, the salen-type complexes have been studied extensively in 

areas such as catalysis [5,6], redox reactions [7], and molecular electronics [8–10]. Among 

them, iron(III) salen complexes have drawn particular attention, often serving as model 

compounds to investigate electron-transfer mechanisms [11], magnetic properties [11], 

and relationships between structure and function [6,12,13]. 

Adjusting the physicochemical characteristics of these metal complexes often 

involves introducing extended organic frameworks into the salen ligands. 

Tetraphenylethylene-based units are especially interesting in this context [14]. Their bulky, 

non-planar shape influences not just how metal centers interact electronically, but also the 

redox properties of the entire complex [15]. The three-dimensional structure of 

tetraphenylethylene derivatives tends to prevent tight packing and π-π stacking 

interactions, but at the same time, they offer a conjugated backbone that can shift electron 

density during oxidation or reduction [15]. This combination makes tetraphenylethylene-

containing ligands quite useful for synthesis and tuning redox-active coordination 

compounds [16,17]. 

Complexes of iron(III) with salen-type Schiff base ligands continue to attract 

considerable attention due to their structural versatility of the salen platform. These 

compounds also exhibit rich redox chemistry involving both metal-centered Fe(III)/Fe(II) 

couples and ligand-centered oxidation processes [11,18]. In particular, the N2O2 salen 

scaffold provides a strong chelating environment while axial ligands and/or bridging 

oxygen donors commonly complete five- or six-coordinate, square-pyramidal or 

distorted-octahedral geometries around Fe(III) [11,19]. A recurring structural motif in 

Fe(III)-salen chemistry is the formation of di-μ-phenoxo-bridged dinuclear species [20], in 

which the phenoxo bridges mediate magnetic superexchange and influence the 

electrochemical response of the metal–ligand framework [11,19,21]. Such bridging motifs 

may facilitate electronic communication between the two coordination units, while ligand 

substitution and axial coordination modulate the potentials and localization of metal- and 

ligand-centered redox processes [11,18]. As such, di-μ-phenoxo-bridged dinuclear iron-

salen compounds are valuable for studying how changes in ligand design and metal 

nuclearity impact electrochemical behavior and charge transfer. 

Electrochemical tools, often used alongside spectroelectrochemical methods, reveal 

detailed information about redox processes and the related electronic and structural 

transformations in these complexes. Gaining a solid grasp of these changes is key for 

designing coordination compounds that show reversible redox-driven optical shifts, like 

those found in electrochromic materials. In this light, iron(III) salen complexes that 

incorporate tetraphenylethylene-based ligands stand out as promising examples, offering 

insights into the interplay between molecular structure and electrochemical performance 

in non-luminescent, redox-active systems. 

Despite the large number of reported Fe(III)-salen complexes, including di-μ-

phenoxo-bridged dinuclear architectures, electrochemical and electrochromic studies 

have largely focused on systems based on relatively simple salicylidene frameworks 

[11,18,19,21,22]. Representative studies of phenoxo-bridged Fe(III) dimers have mainly 

addressed their synthesis, molecular structure, magnetic coupling, and metal-centered 

redox behavior rather than the influence of extended π-conjugated scaffolds on 

intraligand electronic communication [11,19,21]. Consequently, the effect of extended π-

conjugation on communication between phenolate units in di-μ-phenoxo-bridged Fe(III)-

salen dimers remains insufficiently explored. Systematic spectroelectrochemical studies 

correlating structural constraints with the appearance of intervalence charge–transfer 
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features in oxidized states are likewise scarce [22]. As a result, the role of ligand 

architecture in governing stepwise oxidation processes and electronic asymmetry in 

dinuclear Fe(III)-salen systems remains an open question. 

Herein, we present a salen-type ligand bearing two symmetrically substituted 

tetraphenylethylene units (Figure 1) and its corresponding dinuclear di-μ-phenoxo-

bridged Fe(III) complex, obtained via a straightforward direct coordination approach. In 

our previous study, we reported the template-assisted synthesis of analogous Zn(II), 

Ni(II), and Cu(II) complexes based on the same ligand framework, which afforded 

exclusively mononuclear species adopting square-planar geometries [14]. In contrast, the 

present work highlights the distinct coordination behavior of Fe(III), whose intrinsic 

coordination preferences disfavor square-planar environments and instead promote 

octahedral coordination, ultimately leading to the formation of a di-μ-phenoxo-bridged- 

dinuclear architecture. 

 

Figure 1. Schematic representation of ligand L. 

Owing to the redox activity of the salen-based ligand scaffold, the resulting complex 

was further investigated with respect to its electrochemical and spectroelectrochemical 

properties. 

2. Results and Discussion 

2.1. Synthesis and Characterization of the Complex 

The synthesis of the target tetraphenylethylene-based ligand was designed to 

provide a rigid π-conjugated scaffold bearing multiple coordination sites suitable for 

subsequent coordination chemistry studies. To achieve this, a concise multistep synthetic 

strategy involving sequential halogenation, borylation, and palladium-catalyzed cross-

coupling reactions [23–29] was employed to obtain aldehyde derivative 1, as described 

previously [14]. Ligand L was subsequently obtained via a Schiff base condensation 

reaction between compound 1 and ethylenediamine under inert conditions in ethanol 

(Figure 2). 

 

Figure 2. A synthesis scheme of ligand L; conditions: a. absolute ethanol, 70 °C, 48 h. 

The reaction mixture was heated under reflux to promote efficient imine formation 

and ensure complete conversion of the aldehyde functionalities. The formation of the 

product led to a more rigid molecular architecture incorporating flexible aliphatic linkers 

derived from ethylenediamine, rather than an extended π-conjugated system. After 
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completion of the reaction, the solution was concentrated under reduced pressure, and 

the crude product was precipitated by cooling in an ice bath to facilitate isolation of the 

organic product. The resulting yellow solid was collected, thoroughly washed with 

ethanol to remove residual starting materials and by-products, and dried under vacuum 

to afford ligand L in good yield. The obtained ligand features an N2O2 donor set composed 

of two imine nitrogen atoms and two phenolic oxygen atoms, providing an effective 

binding motif for metal ion coordination in subsequent complexation studies. 

The Fe(III) complex was synthesized via a template coordination approach using 

ligand L and iron(III) chloride in a mixed dichloromethane/acetonitrile medium under 

ambient conditions. After addition of the Fe(III) precursor to the ligand solution, an 

immediate color change to an intense red was observed, which suggested rapid 

coordination of the metal center and formation of the corresponding complex species in 

solution. The reaction mixture was subsequently stirred at room temperature for 24 h to 

ensure complete metal incorporation and stabilization of the coordination environment 

around the Fe(III) ion. Following completion of the reaction, the solution was concentrated 

under reduced pressure, and the product was precipitated with diethyl ether, affording 

the Fe(III) complex as a red solid. The obtained complex exhibited good stability under 

ambient conditions and remained readily soluble in common polar organic solvents, 

which facilitated its further characterization. The immediate appearance of an intense red-

purple coloration upon addition of Fe(III) is consistent with coordination-driven charge–

transfer processes commonly observed in Fe(III) Schiff base complexes [30,31] and 

additionally supports successful complex formation. The adopted synthetic strategy 

proved to be straightforward and efficient, providing the desired coordination compound 

in analytically pure form suitable for subsequent spectroscopic and structural 

investigations. 

The ligand L and its corresponding Fe(III) complex were comprehensively 

characterized using high-resolution electrospray ionization mass spectrometry (HR-ESI-

MS) and Fourier-transform infrared spectroscopy (FT-IR). The combination of these 

analytical techniques provided detailed insight into the molecular composition of the 

obtained compounds, the coordination mode of the ligand, and the oxidation state of the 

metal centers. The HR-ESI-MS spectrum of ligand L displayed a prominent molecular ion 

peak at m/z 929.4102 (Figure S5), which was in excellent agreement with the calculated 

value for the proposed molecular formula. In the case of the Fe(III) complex, the mass 

spectrum revealed the formation of a species with the formula [FeL]+ at m/z 982.3227 

(Figure S6). However, the isotopic pattern of this signal corresponds to a mononuclear 

[FeL]+ species rather than a dimeric [Fe2L2]2+ assembly, suggesting that the dimer 

undergoes fragmentation under ESI-MS conditions. This behavior is commonly observed 

for coordination compounds of this type, where non-covalent or labile metal–ligand 

interactions can lead to dissociation in the gas phase during electrospray ionization [32]. 

Further structural information was obtained from FT-IR spectroscopy, which proved 

highly useful for evaluating the coordination behavior of the ligand and identifying 

characteristic metal–ligand interactions (Figure S4). In the FT-IR spectrum of ligand L, no 

distinct O-H stretching band in the region around 3000–3500 cm−1 was observed. The 

absence of a well-defined phenolic O-H band can be attributed to strong intramolecular 

O-H···N hydrogen bonding, which is characteristic of Schiff base ligands derived from 

salicylaldehydes. This interaction leads to the formation of a chelated hydrogen-bonded 

O-H group, resulting in a very broad and often weak absorption in the 2500–3000 cm−1 

region, which may be significantly broadened or masked in the IR spectrum [33]. 

However, the presence of phenolic protons in the ligand structure was confirmed by 1H 

NMR spectroscopy, which showed a characteristic downfield-shifted signal at δ = 13.44 

ppm (Figure S2), consistent with strong intramolecular O-H···N hydrogen bonding 
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typically observed in salicylidene-derived Schiff base (salen-type) ligands [34]. 

Comparison of the FT-IR spectra of the free ligand and the Fe(III) complex revealed 

several significant changes associated with the coordination process. The ν(C=N) 

stretching vibration of the imine group in the free ligand was observed at 1629 cm−1. Upon 

coordination to the Fe(III) centers, this band shifted to lower wavenumbers and split into 

two distinct signals at 1620 and 1602 cm−1. This splitting is attributed to the formation of 

nonequivalent imine environments resulting from asymmetric coordination of the ligand 

to two Fe(III) centers, which is consistent with the crystallographically determined 

binuclear structure. The presence of a band at 820 cm−1 is attributed to Fe-O-Fe stretching 

vibrations [35]. 

While HR-ESI-MS and FT-IR analyses provide strong evidence for the formation of 

the target Fe(III) coordination compound and its proposed binding mode, unambiguous 

verification of its nuclearity and precise geometric structure was achieved through single-

crystal X-ray diffraction analysis. The single crystal suitable for X-ray analysis was grown 

by slow diffusion of diethyl ether into the solution of the complex in acetonitrile. Figure 3 

shows the perspective view of the complex molecule. The complex in the solid state is Ci-

symmetrical (lying across the inversion center in the space group P-1), two-centered, and 

di-O-bridged. The Fe centers are six-coordinated in the distorted octahedral geometry (cf. 

Table 1 for the relevant geometrical parameters). In the crystal structure there are voids 

(Figure S1) which account for more than 21% of the unit cell volume, which are filled by 

the solvent guest–acetonitrile molecules. 

Table 1. Relevant geometric parameters (Å, °) with s.u.’s in parentheses. Symmetry codes: i 1-x, 1-

y,1-z; ii 1-x, y,3/2-z. 

Fe1-N1 2.121(3) Fe1-O7 1.899(3) 

Fe1-N4 2.127(3) Fe1-O40 2.005(2) 

Fe1-O40 i 2.158(3) Fe1-Cl1 2.3345(12) 

N1-Fe1-O7 160.94(12) N4-Fe1-O40 159.42(11) 

Cl1-Fe1-O40 i 168.20(7)   

 

Figure 3. Perspective view of the Fe(III) complex. Ellipsoids are drawn at the 50% probability level; 

hydrogen atoms are represented by spheres of arbitrary radii. 

2.2. Electrochemical Investigation 

To evaluate the potential usability of the compounds as electroactive materials, 

ligand L and the Fe(III) complex were investigated with respect to their electrochemical 
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response to applied electrical stimuli. For this purpose, cyclic voltammetry experiments 

were performed using a three-electrode system consisting of a platinum working 

electrode (ϕ = 2 mm), a non-aqueous silver Ag/Ag+ reference electrode and a platinum 

wire as the counter electrode. An anhydrous and deaerated 0.1 M solution of 

tetrabutylammonium hexafluorophosphate in dry dichloromethane was used as the 

supporting electrolyte. All measured potentials were calibrated against the 

ferrocene/ferrocenium (Fc/Fc+) redox couple [36], providing a consistent reference point 

for accurate comparison of the observed redox processes. The cyclic voltammograms of 

ligand L and the iron(III) complex are presented in Figure 4. 

 

Figure 4. Cyclic voltammograms of the ligand L (A) and Fe(III) complex (B) measured in an 

anhydrous and deaerated 0.1 M solution of TBAPF6 in dichloromethane, using a three-electrode 

system, at a scan rate of 100 mV s−1. 

The electrochemical behavior of ligand L was investigated by cyclic voltammetry in 

dichloromethane containing 0.1 M TBAPF6 as the supporting electrolyte. The 

voltammogram of free ligand L (Figure 4A) exhibited an anodic wave at Epa = +0.93 V, 

accompanied by a corresponding cathodic signal at Epc = +0.81 V, indicating a quasi-

reversible redox process. This redox event can be attributed to a ligand-centered oxidation 

process involving the phenolate moieties of the salen-type framework, leading to the 

formation of a phenoxyl radical species. Notably, only a single redox couple was observed 

despite the presence of two phenolic donor groups within the ligand structure. According 

to the literature, electronically coupled phenolate units within salen-type frameworks 

typically undergo stepwise ligand-centered oxidation processes, resulting in two distinct 

redox processes. In contrast, the observation of only one oxidation wave suggests that the 

two phenolate centers in ligand L are electrochemically equivalent and exhibit negligible 

electronic communication. Consequently, oxidation of one phenolate unit does not 

significantly influence the redox behavior of the second one, indicating that the two redox-

active sites behave independently. Such behavior is consistent with a limited degree of 

electronic delocalization across the ligand framework and the absence of efficient 

electronic coupling between the phenolate donor groups. This assignment was further 

confirmed by differential pulse voltammetry (DPV) (Figure S7A), which reproduced a 

single well-defined oxidation signal at the same potential, supporting the conclusion of 

electrochemically equivalent and non-interacting phenolate sites within the ligand. 
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The cyclic voltammogram recorded for the Fe(III) complex (Figure 4B) revealed a 

significantly different redox response compared to that of the free ligand. In the anodic 

region, a broad oxidation wave was observed at Epa = +1.10 V, accompanied by a 

corresponding cathodic peak at Epc = +0.73 V. The shape and width of this redox feature 

suggest the overlap of multiple closely spaced processes. This interpretation was 

confirmed by DPV measurements (Figure S7), which showed a single oxidation event for 

ligand L, while two well-separated oxidation processes were resolved for the Fe(III) 

complex, demonstrating the splitting of the ligand-centered oxidation upon coordination. 

The splitting of the oxidation processes, in contrast to the single wave observed for the 

free ligand, indicates that coordination to Fe(III) modifies the electronic interaction 

between the coordinated phenolate moieties of the salen framework, leading to non-

equivalent redox behavior of the donor groups upon metal binding. The first oxidation 

process can be assigned to the formation of a ligand-centered radical cation, whereas the 

second oxidation step corresponds to the generation of the dicationic species [14,18]. 

Within the investigated potential window, down to −1.0 V no well-defined or reversible 

Fe(III)/Fe(II) redox couple was observed. For Fe(III)-salen-type complexes, this process is 

typically located at significantly more negative potentials [37–39] than those commonly 

observed for iron complexes bearing other classes of ligands [40–45] and may therefore 

fall outside the accessible electrochemical window in acetonitrile or be obscured by 

ligand-centered processes. 

Overall, the electrochemical data clearly demonstrates a transition from an 

electronically isolated ligand system in the free state to a metal-coordinated framework in 

which the phenolate units become electronically coupled. This coupling leads to a more 

complex, stepwise oxidation pattern and highlights the strong influence of Fe(III) 

coordination on the redox properties of the salen scaffold, while iron-centered redox 

chemistry was not observed within the investigated potential window. 

In classical transition-metal salen complexes, electrochemical oxidation of the 

phenolate moieties frequently generates ligand-centered phenoxyl radicals, which may 

subsequently undergo intermolecular aryl-aryl (C-C) coupling, resulting in the formation 

of electroactive poly(salen) films on the electrode surface [46–48]. Such 

electropolymerization generally proceeds through the unsubstituted 5-position (para to 

the phenolate oxygen) of the salicylidene ring [49,50]. Consequently, the availability of 

these reactive positions plays a decisive role in determining whether oxidative 

polymerization can occur [51]. In the present ligand framework, the salicylidene rings are 

substituted with bulky tetraphenylethylene groups, which block the principal coupling 

sites and sterically hinder intermolecular C-C bond formation. This design strategy was 

previously shown to suppress electropolymerization in the analogous Cu(II), Ni(II), and 

Zn(II) complexes based on the same ligand scaffold, for which repeated cyclic 

voltammetry experiments revealed no evidence of polymer film growth [14]. Although 

analogous electropolymerization studies were not performed for the Fe(III) complex 

described herein, its identical ligand architecture suggests that the sterically blocked 

coupling positions should likewise disfavor oxidative polymer growth. 

2.3. Spectroelectrochemical Properties 

To investigate the electrochromic behavior of the synthesized ligand and complex, 

spectroelectrochemical tests were performed, as shown in Figures S8 and 5. The data 

demonstrates that the color and electrochemical response of the compounds change 

significantly upon complexation and the addition of iron(III) ions. They display distinctive 

color changes when an external electric potential is applied. All tests were performed in a 

solution of 0.1 M tetrabutylammonium hexafluorophosphate (TBAPF6) dissolved in 

dichloromethane, which served as both the supporting electrolyte and the solvent. 

https://doi.org/10.3390/ijms27156714
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For ligand L (Figure S8), the UV-Vis spectrum in the neutral state is dominated by 

absorption bands at 290 nm and 330 nm, which are characteristic of π-π* and intraligand 

charge–transfer transitions of the unoxidized system (Figure S8) [18,52]. Upon gradual 

increase of the applied anodic potential, only minor changes in the UV-Vis spectra were 

observed. These changes were limited to slight variations in the intensity of the absorption 

bands and did not result in any noticeable shift of the absorption maxima or affect the 

observed color of the solution. The spectroelectrochemical data therefore indicate that 

oxidation of the ligand proceeds with only subtle modifications of its electronic structure 

under the applied experimental conditions. 

For the Fe(III) complex (Figure 5), the spectroelectrochemical response differs 

markedly from that of the free ligand and reflects the influence of metal coordination on 

the electronic structure of the salen framework. In the neutral state, the absorption 

spectrum is characterized by two main bands at 334 nm and 530 nm. The band at 334 nm 

is attributed predominantly to ligand-centered π-π* and intraligand charge–transfer 

transitions, whereas the band at 530 nm is assigned to ligand-to-metal charge–transfer 

(LMCT) transitions involving electron donation from the phenolate oxygen atoms to the 

Fe(III) center and/or ligand-field related transitions typical for Fe(III)-salen-type 

coordination environments [53,54]. Upon progressive anodic polarization, significant 

spectral changes are observed. The intensity of the band at 334 nm gradually decreases, 

accompanied by the emergence of a new absorption feature at approximately 290 nm, 

indicating a redistribution of the ligand-centered electronic structure upon oxidation. 

Concurrently, a broad absorption band appears in the near-infrared (NIR) region at ca. 

1500 nm, which suggests the formation of ligand-centered radical species generated 

during the one-electron oxidation process. These spectral changes are consistent with 

intervalence-like ligand-centered charge–transfer transitions, suggesting enhanced 

electronic delocalization within the oxidized ligand framework. The appearance of new 

absorption features in the 400–500 nm region and in the NIR range is consistent with the 

assignment of the spectroelectrochemical processes observed at the first anodic wave in 

the voltammetric response. In addition, the band initially observed at 530 nm undergoes 

a noticeable bathochromic shift and broadening, moving to approximately 585 nm. This 

red shift suggests a change in the electronic environment of the Fe(III) center and 

increased delocalization within the metal–ligand framework upon oxidation, consistent 

with the formation of an oxidized, more electronically coupled system. The overall 

spectral evolution is accompanied by a pronounced and visually observable color change 

of the solution from red in the neutral state to blue upon oxidation, consistent with the 

formation of the oxidized, radical-containing species. 

Comparison with previously reported dinuclear iron Schiff base and related metal-

phenoxide systems shows that their redox chemistry can involve metal-centered changes 

in the iron oxidation states as well as ligand-centered oxidation of coordinated phenoxide 

units [55–57]. In bis(phenoxo)-bridged diiron complexes, the Fe2O2 core provides a 

pathway for magnetic exchange and electronic communication between the two iron sites 

[56,58]. Such communication becomes particularly evident upon formation of mixed-

valence Fe(III)Fe(II) species, which may exhibit either valence-trapped or valence-

delocalized electronic structures depending on the ligand architecture and donor 

environment [55,57,59]. In the present complex, the near-infrared absorption generated 

upon oxidation is therefore consistent with the formation of an electronically coupled 

oxidized ligand state. Although the combined electrochemical and spectroelectrochemical 

data support this interpretation, complementary EPR spectroscopy and/or computational 

studies would provide additional confirmation of the electronic structure of the oxidized 

species. However, despite these well-established ligand-centered processes and 

occasional metal-involved redox chemistry, the formation of strongly delocalized 
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intervalence charge–transfer states extending into the near-infrared region remains 

uncommon in classical Fe(III)-salen systems [22]. 

 

Figure 5. Spectroelectrochemistry of the Fe(III) complex recorded in an anhydrous and deaerated 

0.1 M solution of TBAPF6 in dichloromethane as the supporting electrolyte, referenced to the Fc/Fc+ 

redox couple, together with photographs illustrating the corresponding color changes of the 

different redox states. 

2.4. Accession Codes 

CCDC 2524692 contains the supplementary crystallographic data for this paper. 

These data can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif 

(accessed on 20 July 2026), or by emailing data_request@ccdc.cam.ac.uk, or by contacting 

The Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; 

fax: +44 1223 336033. 

3. Materials and Methods 

3.1. Crystal Data 

C136H100Cl2Fe2N4O4 · 6(C2H3N), Mr = 2283.12, triclinic, P-1, a = 9.1526(4) Å, b = 14.1551(7) 

Å, c = 24.4291(11) Å, α = 98.687(3)°, β = 96.638(3)°, γ = 104.288(3)°, V = 2993.0(2) Å3, Z = 1, 

dx = 1.267 g·cm−3, F(000) = 1194, μ = 2.834 cm−1, 35,635 reflection collected, 10,765 symmetry 

independent (Rint = 3.79%), 9146 with I > 2σ(I). Final R [I > 2σ(I)] = 0.0710, wR2 [I > 2σ(I)] = 

0.1483, R [all reflections] = 0.0907, wR2 [all reflections] = 0.1636, S = 1.089, (Δρmax/Δρmin) = 

1.53/−0.81 e·Å−3. CCDC deposition number: 2524692. 

3.2. Synthetic Procedures 

Salicylaldehyde derivative 1 was obtained as described previously [14]. 
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Ligand L 

Compound 1 (50 mg, 0.11 mmol) was placed in a single-neck round-bottom flask. 

The system was evacuated and backfilled with argon to establish an inert atmosphere. 

Absolute ethanol (20 mL) was then added, and the mixture was heated to 30 °C to ensure 

complete dissolution of the substrate. Subsequently, ethylenediamine (3.69 μL) was 

added dropwise. The reaction mixture was stirred at 70 °C for 48 h. After completion, the 

solvent was removed under reduced pressure, and the resulting residue was poured onto 

ice. The precipitated solid was collected by centrifugation, washed several times with 

ethanol, and dried in a vacuum desiccator. Ligand L was obtained as a yellow solid (40 

mg, yield: 78%). 1H NMR (600 MHz, DMSO) δ 13.44 (s, 2H), 8.64 (s, 2H), 7.73 (d, J = 2.4 Hz, 

2H), 7.59 (dd, J = 8.6, 2.4 Hz, 2H), 7.43–7.38 (m, 4H), 7.19–7.07 (m, 18H), 7.05–7.00 (m, 12H), 

6.99–6.95 (m, 4H), 6.90 (d, J = 8.6 Hz, 2H), 3.94 (s, 4H) ppm. 13C NMR (151 MHz, DMSO) δ 

167.0, 160.3, 143.2, 143.2, 143.2, 141.6, 140.6, 140.1, 137.1, 131.3, 130.7, 130.6, 130.4, 129.8, 

129.4, 127.9, 127.8, 127.8, 126.6, 126.6, 126.5, 125.2, 118.7, 117.1, 58.7 ppm. HR-ESI-MS: m/z 

calcd for C68H52N2O2 [L]: 929.4062 found 929.4102; ATR-FT-IR: ν(C-H)ar 3078, 3052, 3023; 

ν(C=N)imine 1629; ν(C=C)ar 1592, 1558, 1545; ν(C-N), δ(C=N) 1481, 1440, 1366; ν(C-O)phenolate 

1297, 1278; ν(C-C)ar 1177, 1128; ρ(C-H)ar 856, 824, 811; γ(C-H)ar 779, 768, 745, 690, 633, 617, 

600 cm−1. Elemental analysis calcd. for C68H52N2O2 calcd. C, 87.90; H, 5.64; N, 3.01; found 

C, 87.92; H, 5.67; N, 3.02. 

3.3. Fe(III) Complex 

Ligand L (11 mg, 0.012 mmol) was introduced into a single-neck round-bottom flask 

and dissolved in 3 mL of a dichloromethane/acetonitrile mixture (1:1, v/v). After complete 

dissolution of the ligand, FeCl3·6H2O (2.8 mg, 0.010 mmol) was added. Upon addition of 

the iron(III) salt, the solution turned red. The reaction mixture was stirred at room 

temperature for 24 h. The final product was isolated by concentrating the reaction mixture 

under reduced pressure, followed by precipitation with diethyl ether. A red solid 

corresponding to the Fe(III) complex was obtained (11 mg, yield 87%). HR-ESI-MS: m/z 

calcd for C68H50FeN2O2+: 982.3217; found: 982.3227. ATR-FT-IR: ν(C-H)ar 3019, 3009; 

ν(C=N)imine 1620, 1602; ν(C=C)ar 1602, 1539, 1533; ν(C-N), δ(C=N) 1491, 1465, 1443, 1378; 

ν(C-O)phenolate 1311, 1278; ν(C-C)ar 1177, 1074, 1032, 1016; ρ(C-H)ar 851, 836; ν(Fe-O-Fe) 820; 

γ(C-H)ar 774, 763, 759, 697, 633, 617, 600 cm−1. Elemental analysis calcd. for 

C136H100Cl2Fe2N4O4 calcd. C, 80.19; H, 4.95; N, 2.75; found C, 80.21; H, 4.90; N, 2.74. 

4. Conclusions 

A tetraphenylethylene-based salen-type Schiff base ligand and its di-μ-phenoxo-

bridged dinuclear Fe(III) complex were successfully synthesized and structurally 

characterized. The combination of single-crystal X-ray diffraction, electrochemical 

analysis, and spectroelectrochemical measurements provides a comprehensive 

understanding of their redox and electronic properties. 

The key novelty of this work lies in demonstrating that incorporation of a rigid 

tetraphenylethylene framework into a salen-type ligand, together with formation of a di-

μ-phenoxo-bridged Fe(III) dimer, induces coordination-controlled intraligand electronic 

communication that is not observed in the corresponding free ligand. In contrast to 

previously reported Fe(III)-salen systems, in which ligand-centered oxidation is often 

observed without clearly resolved differentiation of the two phenolate redox sites, the 

present system displays a clear splitting of oxidation events upon metal coordination, 

evidencing the generation of non-equivalent redox centers and enhanced intraligand 

coupling. Spectroelectrochemical studies further reveal the formation of phenoxyl radical 

species and intervalence charge–transfer transitions in the near-infrared region, 
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accompanied by a pronounced and reversible electrochromic response. These features 

highlight a direct correlation between ligand architecture, nuclearity, and redox behavior 

in Fe(III)-salen systems. 

Overall, this study provides new insight into how extended π-conjugated salen 

frameworks and di-μ-phenoxo-bridged dimer formation can be used to modulate 

intraligand electronic interactions and redox properties. These findings expand the 

current understanding of structure–electronic property relationships in Fe(III)-salen 

coordination chemistry and may guide the rational design of next-generation redox-active 

and electrochromic molecular materials. 
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