


SYNTHESIS, SPECTROSCOPIC CHARACTERIZATION, PXRD STRUCTURE AND THERMAL STUDY OFBIS(SALICYLALDIMINATO)Cl2Fe(III)COMPLEX


Abstract 
A novel Bis(salicylaldiminato)Cl2Fe(III) complex was synthesized by reacting N-salicylideneaniline Schiff base and FeCl3.6H2O in methanolic solution. The complex was characterized by FT-IR, UV-Vis spectroscopy, DSC study and Mass spectrometry. The crystal structure was solved by powder X-ray diffraction (PXRD) method. The PXRD analysis shows a slightly distorted octahedral complex crystalizes inmono clinic crystal system with cell parameters:a = 15.565 , b = 7.027, c = 12.181andβ = 108.790 and space group P121.Magnetic susceptibility measurement (µeff value 5.38 BM) suggests paramagnetic character of the complex.The mass spectra analysis confirms the formation of the complex and Differential Scanning Calorimetry (DSC) characterizes thermal phase transitions (e.g. melting point &dissociation).The UV-Vis spectroscopy shows characteristic Ligand to Metal charge transfer band at 570nm and FT-IR showsbands at 584and482cm−1assigned forFe-N and Fe-O bonds, respectively.
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INTRODUCTION
[bookmark: bb0245][bookmark: bb0010][bookmark: bb0015]Schiff base ligands have been extensively studied for their versatile applications in different fields of coordination chemistry, organic synthesis, analytical chemistry, refining of metals, metallurgy, electroplating and photography[1–4]. Additionally, their ability to form stable complexes with transition metal makes them useful for the development of new materials and devices. Schiff bases also play an essential role in biological systems with important applications. They shows antifungal,antiviral activity, anticancer, antibacterial  as well as their use as antiparasitic agents with other biological performances[5–9]. The coordination complexes of N,O-chelating Schiff base ligands have been reported for their antibacterial, antifungal, anticancer and herbicidal activities[10–14].As the N,O-chelating Schiff base ligands can stabilize transition metals with different oxidation states by complexation, they are also effective in catalytic transformations[15]. The Fe and Ni complexes of bi-dentate N,O-ligands showed high catalytic activity for ethylene oligomerization and polymerization[16].
The advantages for using N-salicylidene aniline metal complexes are commercially available precursors in low cost, facile syntheses, wide range of biological[17] and catalytic activities[18], structural rigidity[19] and electronic properties[20]. The Fe,Co and Cr complexes are typically formed by reacting their salts with the N-salicylidene aniline ligand in aqueous solution. Beside biological activity they also have been found to be responsible for the oxidation of L-cysteine[21].Ming-Dong Zhou and his coworkershave demonstrated that N-salicylideneaniline derived Schiff base complexes of methyltrioxorhenium(VII) showed  catalytic performance[14].KoheiJohmoto have investigated the photochromism control of salicylideneaniline derivatives by acid–base co-crystallization[19].Conjugated N-salicylideneaniline (anil) functionalized pyrrole and 2,5-dithienylpyrrole-based polymers were reported to show Electrochromic properties[20]. Electrodeposition of salicylidene aniline and its corrosion behavior were also investigated recently. ZailelahZainoldin and his coworkers discovered passive thin film coating through electrodeposition of salicylideneaniline[22].
In this study a newoctahedral Bis(salicylaldiminato)Cl2Fe(III) complex (C1) was synthesized by complexation ofN-salicylidene aniline with FeCl3.6H2O in methanol. To the best of our knowledge, the synthesis and properties of this complex are not yet explored.The optical properties were investigated using FT-IR and UV-Vis spectroscopy. The PXRD and mass spectra were used to determine the structure of the complex. In addition, computational analysis was performed to optimize the structure.
EXPERIMENTAL
Materials and methods
All the reagents and chemicals were purchased from Sigma-Aldrich. The FT-IR spectrum was recorded with IR Prestige-21, Shimadzu, Japan in the region 400-4000 cm-1usingKBrpellet.The UV-Vis spectrum was collected in Specord 205(Analytic Jena, Germany) spectrophotometerusing methanol at 25°C from the range 190-900 nm. ForN-salicylidene aniline1H-NMR and 13C spectra were recorded in CDCl3 on Bruker Ascend 400 MHz NMR spectrometer. Magnetic susceptibility was determined by using MK-1 magnetic susceptibility balance (Sherwood Scientific Ltd, England).Mass spectra for C1was obtained from Brukermicro-TOF Mass Spectrometer in APCI method. Differential scanning calorimetrey (DSC) analyses were performed on a Shimadzu DSC-60 at the range of 50-300°Cwith a rate of 10 K min-1 under nitrogen flow. The molecular structure of C1 was optimized using Gaussian 09 rev. D1 software [23].
P-XRD data for N-salicylidene aniline ligand HL1 and its Fe complex C1 were recordedin GNR Expolrer Powder X-Ray Diffractometer operated at 40 kV and 30 mA using silicon zero background sample holder and Cu target (CuKα radiation, λ = 1.5406 Å).
Synthesis of Ligand and Complex
Synthesis ofN-salicylidene aniline ligand,HL1:
The synthetic procedure of theN-salicylideneaniline ligand was followed according to the Schiff base condensation procedure[24]shown in Scheme-1.An ethanolic solution of 2- hydroxybenzaldehyde (1.22 g, 10 mmolin 15 mL) and aniline (0.96g, 10.3mmol in 10 mL) were mixed together and four drops of conc. HCl acidwere added to the reaction mixture.Then the mixture was refluxed for three hours and reaction progress was checked using TLC. After neutralization by NaHCO3andcooled using crashed ice, the crude product was filtered throughfilter paper. Needle shaped yellow crystal was found after recrystallization of crude yellow solid powder in ethanol.Yield: 81.6%;mp:41ºC.
Synthesis of Bis(salicylaldiminato)Cl2Fe(III) complex, C1:
For the preparation of our new complex C1we followed literature[25] (shown in Scheme 1)in which two separatemethanolic solutions of FeCl3.6H2O (0.270g, 1mmol in 4mL) and ligand HL1 (0.158g, 0.8 mmol in 4mL) were mixed together at room temperature followed by adding 6-8 drops of glacial acetic acid. A deep brown precipitate was formed initially and the reaction mixture was stirred for 24 hours. The solvent was discarded by filtration and product preserved in a desiccator. Further purification of the complex was perform edusing column chromatography with chloroform:methanol(4:1)system in silica gel.
However, several crystallization attempts failed to grow single crystals suitable for single crystal X-Ray diffraction experiment. For this reason the powder X-Ray diffraction data was used to determine the structural geometry of the complex.


Scheme 1.Synthetic route for the formation of Bis(salicylaldiminato)Cl2Fe(III) complex,C1

PXRD Structure Solution for complex C1

For X-Ray crystal structure determination of C1, several crystallization attempts failed to grow single crystals suitable for single crystal X-Ray diffraction experiment. For this reason, the powder X-Ray diffraction data was used to determine the structure of the complex following previous communications[26–34].

The powder X-Ray diffraction data was collected for C1 over the angular range from 5-400 2θ with step size 0.020and integration time 3 sec per step. The Expo2014 software[35] was used to determine the unit cell symmetry, structure solution process and refinement.
The background of the PXRD pattern of C1 was modeled using Chebyshev function with 15 coefficient. The diffractogram was indexed with 32 selected peaks using N-Treor09[36] module    in Expo2014 software. The best unit cell was selected based on figure of merit (M20) and visual inspection of experimental peak positions between two monoclinic solutions suggested by the software.  The best solution was a monoclinic cell with cell parameters: a = 15.5231 Å, b = 7.0119 Å, c = 12.1264 Å, β = 108.840 and cell volume 1249.22 Å3. The number of formula unit was determined comparing unit cell volume (1249Å3), content volume (1191.4Å3), calculated density (1.383 g/cm3) and considering 18Å3 volume for non-hydrogen atoms. The space group was determined considering figure of merit based on occurrence frequency in CSD database and careful checking of systemic absences.
The structure solution step was performed in simulated annealing method using Gaussian optimized structures as input fragment. Several attempts were made for getting suitable structural input including solvent molecules (C1, C1.CH3OH, C1.2CH3OH and C1.2CH3OH.H2O) based on mass data. Total 15 parameters were refined during each structure solution process. The Fe atom was considered as center of rotation and anti-bump was selected for C, N and O atoms. The cost functions were calculated based on intensity and total 20 structural models were generated. Among 20 trial solutions the best one was selected based on visual packing and minimum cost function consideration.
The best structural model was refined using Rietveld refinement method incorporated in Expo2014 software. Automatic profile refinement was performed using Pearson VII peak shape function and non-structural parameters was refined with Le Bail method. The best result was found with input fragment C1 only. The difference plot shows good agreement with calculated and experimental pattern (Figure 1). 
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Figure 1. PXRD patterns for complexC1 (experimental, calculated, background and difference plot) after final Rietveld refinement.
The refined CIF was checked using EnCIFER software and validation was done from IUCr website using PLATON (check.def file’s version of 13/12/2023).


RESULTS AND DISCUSSION
Vibrational Spectra Study
The FT-IR spectra of the ligand and complex are presented in Figure S1 and S2, respectively(see SI). Interestingly, N-salicylideneaniline ligand (HL1)did not show broad hydroxyl (-OH) absorptionpeak around 3400 cm-1 rather it showsa weak cis-keto (N-H) peak at 3226 cm−1 and (-OH) peak at 2954 cm−1similar to enol-imine type compounds[37].As deprotonation of phenolic hydrogen leads to complexation, the above peaks disappeared in complex C1.A weak broad peak at 3410cm−1 may be due to hygroscopic nature of the complex.
The phenylC-H stretching in ligand (HL1) observed at 3076, 3053 and 3024 cm−1 whereas values observed at 3059 and 3018 cm−1in C1 complex[38]. The C-N stretching appearedat1398cm−1and 1379cm−1for HL1 and C1 respectively[39]. The imine C=Nstretching appeared at 1614 cm−1and 1637cm−1in ligand and complex, respectively[40]. The increase of wavenumber (decrease of frequency) in complex is due to coordination of lone pair electrons of nitrogen atom with central Fe atom results decreasing double bond character of C=N bond. Inligand HL1 and complexC1 the bands in the region of 1186 and 1145cm−1arises for C-O. In both cases the aromatic C=C appeared in the region of 1606-1450 cm−1. Two different bands with medium intensity at 584cm−1and 482cm−1in complex were assigned for Fe-N and Fe-O stretching respectively which are not present in the ligand[41, 42].
UV-Visible spectroscopy Study
UV-Vis data for ligand (HL1) and complex (C1)were collected in different concentration in methanol. The spectra of C1showed characteristic Ligand to Metal Charge Transfer (LMCT) band at 570nm[43] (see inset, Figure 2).The absorption bands at 252 nm for benzenoid π-π̽ transitions and at 321nm was assigned to conjugated imine π-π̽ transition for the aldimine residue of Fe(III) complex[49,51].C1 complex exhibited two intense absorption bands in the ranges 335–383 nm and 493–541 nm, which were assigned to phenolate (pπ) → Fe(III) (dσ*) and phenolate(pπ) → Fe(III) (dπ*) LMCT transitions,respectively[43].

Figure 2. UV-Vis spectrum of ligand HL1 and Complex C1, the LMCT band is showed in inset.
1H NMR and 13C NMR Study
1H NMR study (in CDCl3) confirms the structure of the ligand HL1(See SI, Figure S3-S4). A peak at 13.18 ppm was observed for the hydroxyl group (-OH) of N-salicylidene aniline. We get a singlet at 8.91 ppm for imine hydrogen. A multiplate at the range 7.41-7.48 ppm was observed for five protons of aniline ring. A triplate at 7.35 ppm was assigned for H- 4. A doublet for one proton (H-3) and a multiplate for two proton (H-5,6) were at 7.61 and 6.99 ppm, respectively.  13C NMR spectra (See SI, Figure S5) analysis shows peaks for C-2 at 163.79ppm, C-7 at 161.21ppm, C-1at 148.57ppm, C-3 at 133.14 ppm, C-6 at 132.88 ppm, C- 4,5 at 129.44 ppm, C-1/ at 126.92 ppm, C-2/,3/,6/ at 121.27 ppm, C-5/  at 119.07 ppm , C-4/ at 116.78 ppm. But due to paramagnetic property of the complex C1 it did not show any splitting pattern in 1H NMR Study.



Mass Data analysis
Mass spectrum of C1 in APCI method confirms the peak atm/z518 (M+.), 448.1 ([M-Cl]+) and287 ([M-SL1]+)(Figure 3).Due to13C isotope a peak appeared at m/z 288 ([13C13H10ClFeNO]+).A peak at m/z 883.8may be for tetramer [C39H30Cl2Fe4N3O3]+ ion species. We get the mass spectra of ligand from previous literature[45].
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Figure 3. The Mass spectra of Bis(salicylaldiminato)Cl2Fe(III) complex, C1 (APCI method) (see SI Figure S6 for expanded view)
Computational Study& Magnetic Susceptibility Measurement
Forstructural optimization of the complex the energy minima was calculated to ground state using semi empirical method with basis set PM6 as charge neutral complex in gas phase Nuclear repulsion energy is 1855.22Hartrees.
Magnetic susceptibility measurement shows paramagnetic property of C1 with µeff = 5.38 BM using Evans method[46, 47].
Powder X-ray diffraction Analysis
The Powder X-ray diffraction (PXRD) patterns (Figure4) confirm the crystalline nature of the ligand N-salicylideneaniline,HL1and metal complex Bis(salicylaldiminato)Cl2Fe(III),C1. The different PXRD patterns of ligand and complex confirm their different crystal structures(Figure 4).The ligand crystallizes in orthorhombic crystal system with a = 5.794Å, b = 13.017Å, c = 13.617Å and space group Pbc21[48].The complexC1 crystalizes inmono clinic crystal system with cell parameters: a = 15.565 Å, b = 7.027 Å, c = 12.181 Åand β = 108.790 and space group P121. (see Table 1)

Figure 4. Powder X-ray diffraction (PXRD) patterns ofHL1 and C1
Table 1. Crystal data for complex C1.
	Formula 
	C26H20Cl2FeN2O2

	Temperature (K) 
	296

	Crystal system 
	Monoclinic

	Wavelength (Å) 
	1.540560

	a (Å) 
	15.565

	b (Å) 
	7.027

	c (Å) 
	12.181

	α (o) 
	90.00

	β (o) 
	108.79

	γ (o) 
	90.00

	Volume (Å3) 
	1261.22

	No. of formula unit (Z)
	2

	No of counts
	3501

	2θ interval (o) 
	5.00440.004

	No. of Reflections 
	144

	No. of background points 
	15

	Space Group
	P 1 21

	Rp
	2.237

	Rwp
	3.257

	Goodness of fit
	0.687



In the crystal packing of complex C1there are two molecules per unit cell. It crystallizes in monoclinic symmetry with space groupP121.Thecoordination geometry of the central iron atom is octahedral in which the axial positions are occupied by two chlorine atoms and equatorial positions are occupied by two oxygen and two nitrogen atoms. Thus itforms N,O-chelate complex where the ligands are in trans-position relative to each other. A comparison of bond lengths and bond angles in optimized structure and PXRD structure of C1are listed in Table 2.The bond lengths and bond angles in Optimized and PXRD structures slightly varied slightly may be due to optimization in gas phase but crystals in solid state.
The Fe1-Cl1/Fe1-Cl2 bond lengths are 1.843 Å, Fe1-O1/Fe1-O2 bond lengths are 1.928 Å and Fe1-N1/Fe1-N2 bond lengths are 1.979 Å which are comparable with those for the known complexes with coordinated N,O-chelate complexes [32-33]. The bond angles O1FeN1 (100.46˚), O2FeN2 (100.46˚), N1FeO2 (79.54˚) and N2FeO1 (79.54˚) suggest a slightly distorted octahedral geometry of the central Fe atom. The iron atom, two O atoms and two N atoms and two aromatic (salicylidene) rings lie in a single horizontal plane whereas two chlorine atoms lie almost perpendicular to this plane. The dihedral angels betweenthe horizontal plane and aromatic rings attached with N1 and N2 are 43.74˚ and 42.98˚ respectively(Figure 5).
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Figure 5. Distorted octahedral geometry of the central Fe atom in complex C1
A few short contacts are observed in the crystal packing of complex C1. The short intermolecular contacts between the hydrogen atoms (1.96Å, 1.94Å, 1.84Å, 1.85Å, 1.84Åand 0.87Å) of two HL1 ligand’s aromatic rings is due to intermolecular bonding between hydrogen atoms during crystal packing. Two long C-H bonds were observed for C7-H5 at 1.19 Å and C20-H15 at 1.19 Å which are also within considerable range.
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Figure 6.(a) Molecular structure and (b) Crystal packing of Complex C1
Table 2. Comparison of bond properties in Optimized structure and PXRD structure of C1 (Selected bond lengths and bond angle)
	Bond Lengths & Angles
	Optimized Structure
	PXRD Structure

	Bond Lengths
(Å)
	Fe1-Cl1/ Fe1-Cl2
	1.841
	1.843

	
	Fe1-O1/ Fe1-O2
	1.927
	1.928

	
	Fe1-N1/ Fe1-N2
	1.979
	1.979

	
	N1-C20/N2-C7
	1.450
	1.412

	
	O1-C19 / O2-C4
	1.286
	1.285

	Bond Angle
(0)
	Cl1 Fe1 Cl2
	179.99
	180.00

	
	O1 Fe1 Cl1
	90.00
	90.00

	
	O1 Fe1 Cl2
	89.99
	90.00

	
	N1 Fe1 Cl1
	90.01
	89.98

	
	N1 Fe1 Cl2
	89.99
	90.02

	
	N2 Fe Cl1
	89.44
	90.02

	
	N1 Fe1 O1
	79.53
	100.46

	
	O2 Fe N2
	79.35
	100.46

	
	N2 Fe O1
	100.86
	79.54

	
	O2 Fe1 N1
	79.529
	79.54

	
	O2 Fe1 Cl1
	90.00
	90.00

	
	O2 Fe1 Cl2
	89.99
	90.00

	
	N2 Fe Cl2
	90.85
	89.98



Differential Scanning Calorimetry (DSC) analysis
In differential scanning calorimetryex periment endothermic and exothermic peaks were observed during the 1st heating. An endothermic peak was observed around 229°C, indicating melting of the complex, the exothermic peak at around 252°C refers to irreversible dissociation as 1st cooling and 2nd heating experiments have no peak(Figure 7).


Figure7.Differential Scanning Calorimetry (DSC) analysis for complex C1


CONCLUSION
In summary, a new octahedralFe(III) transition metal complex structure bearingN-salicylideneaniline ligand was synthesized, characterized and solvedby PXRD, Mass spectrometry, FT-IR, UV-Vis spectroscopy, DSC analysis. The magnetic susceptibility analysis shows paramagnetic property of the complex. Mass spectra analysis confirms that twobi-dentedN-salicylideneanilineligand and two chlorine atom coordinated with one iron atom through N, O -chelation. The PXRD data shows that slightly distortedoctahedral bis(salicylaldiminato)Cl2Fe(III) complex crystalizes in monoclinic crystal system.
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 Figure S1.FT-IR spectra of ligand HL1
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Figure S2. FT-IR spectra of Complex C1
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Figure S3. 1H NMR (400 MHz) spectra of HL1
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Figure S4. 1H NMR (400 MHz) spectra of HL1 (expended)
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Figure S5. 13C NMR (400 MHz) spectra of HL1
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Figure S6. The Mass spectra of Bis(salicylaldiminato)Cl2Fe(III) complex, C1 (APCI method)
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Intensity (counts/sec)
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