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Abstract   

Two Schiff bases, HL
1 [2-((3-(dimethylamino)propylimino)methyl)-5-bromophenol] and 

HL
2 [2-((2-(diethylamino)ethylimino)methyl)-6-methoxyphenol], have been employed to prepare 

two new octahedral iron(III) complexes, [Fe(HL
1
)2(N3)2]ClO4⋅2H2O (1) and 

[Fe(HL
2
)2(NCS)2]ClO4⋅H2O (2). Both complexes are characterized by spectral and elemental 

analyses. Single crystal X-ray diffraction studies confirm their structures. In both complexes, 

Schiff bases are trapped in their zwitterionic forms and coordinated to iron(III) only through the 

imine nitrogen and phenoxo oxygen, i.e., they behave as bi-dentate ligands, keeping the 

remaining potential donor sites pendant. The measurement of χM vs. T for both complexes shows 
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a continuous increase in susceptibility as the temperature decreases. The χM·T values from 300 to 

2 K and the shape of these curves for both complexes discard the existence of a high-spin/low-

spin transition. The decrease in χM·T of 1 with temperature is more pronounced than that 

expected for a complex with a small zero-field splitting. The magnetic behavior of 1 is explained 

by proposing the existence of a physical mixture of S = 5/2 and S = 1/2 spins and the presence of 

zero-field splitting in the S = 5/2 species. 

Keywords: Iron(III); Crystal Structure; Zwiterionic; Pendant; Variable temperature magnetic 

susceptibility 

1. Introduction  

  The rational design and construction of iron(III) Schiff base complexes have attracted 

extensive interest due to their structural diversity and potential applications in molecular 

magnetism as an important class of spin crossover (SCO) systems because of the possibility of 

the co-existence of two different magnetic states under the same conditions [1,2]. The 

phenomenon of spin cross-over is induced by external perturbations, such as pH, temperature, 

pressure, light irradiation, etc. [3-7]. The iron(III) sites in some heme proteins also reported to 

exhibit SCO behavior, which plays a key role in their biological functions [8-10].  

 Several iron(III) complexes of various geometry have been prepared using different 

chelating ligands [11-13], of which Schiff bases are special choices for the easy routes of their 

synthesis, the wide range of their stability and their very good complexing ability [14-19]. 

Among them, H2salen type tetradentate Schiff bases, prepared by 1:2 condensations of any 

diamines with salicylaldehyde derivatives, are, of course, receiving the most attention [20-24]. In 

the octahedral iron(III)-salen complexes with other co-ligands, two different arrangements of 
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four donor atoms around the iron(III) is found; one in which the donors occupy the four 

equatorial positions [25-29] the other in which one oxygen is displaced from the equatorial 

plane, occupying an axial position of the coordination polyhedron [30-33]. Variable temperature 

magnetic susceptibility measurements identified the presence of SCO points in some of the 

complexes [34, 35]. On the other hand, N2O donor Schiff bases, prepared by 1:1 condensation of 

any N-substituted diamine with suitable salicylaldehyde derivative have also been used to 

prepare various iron(III) complexes [36-44] of which mononuclear octahedral bis–ligand 

complexes constitute a unique class, as most of them show SCO behavior [36-39].  

 In the present work, we have used two potential tridentate Schiff bases to synthesize two 

similar mononuclear octahedral iron(III) complexes, in which the zwiterionic forms of two 

Schiff bases have been trapped. Structures of both complexes have been confirmed by single 

crystal X-ray crystallography. Both Schiff bases are behaving as bidentate ligands keeping the 

remaining donor sites pendant. Variable temperature magnetic susceptibilities of both complexes 

have also been measured. Herein, we would like to report the synthesis, characterization and 

magnetic properties of two new octahedral iron(III) complexes, [Fe(HL
1
)2(N3)2]ClO4⋅2H2O (1) 

and [Fe(HL
2
)2(NCS)2]ClO4⋅H2O (2), with two pendant Schiff bases, HL1 [= 2-((3-

(dimethylamino)propylimino)methyl)-5-bromophenol] and HL2 [= 2-((2-

(diethylamino)ethylimino)methyl)-6-methoxyphenol].   

2. Experimental Section 

2.1. Materials and physical measurements 

All chemicals were of reagent grade and used as purchased from Sigma-Aldrich without 

further purification.  
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Elemental analyses (carbon, hydrogen and nitrogen) were carried out using a 

PerkinElmer 2400 II elemental analyzer. IR spectra in KBr (4000−400 cm-1) were recorded using 

a PerkinElmer Spectrum Two Fourier transform infrared (FTIR) spectrophotometer. The 

UV−visible spectra were recorded on a PerkinElmer lambda 35 spectrophotometer at 298 K in 

acetonitrile. 

The variable-temperature magnetization data were acquired on polycrystalline samples 

obtained from crushed crystals with a Quantum Design MPMSXL SQUID (Superconducting 

Quantum Interference Device) magnetometer over a temperature range of 2 to 300 K at the 

constant field of 1 T and 0.1 T. Each raw data set was corrected for the diamagnetic contribution 

of both the sample holder and the complex to the susceptibility. The molar diamagnetic 

corrections were calculated on the basis of Pascal constants [45-48]. Magnetization 

measurements at 2 K from -5 T to 5 T were carried out to check the existence of cooperative 

phenomena. 

CAUTION!!! Metal perchlorates containing azide and/or organic ligands are potentially 

explosive. Although no problem was encountered in the present study, small amounts of the 

materials should be prepared and must be handled with great care. 

2.2. Synthesis  

2.2.1. Synthesis of the ligands, HL
1
 and HL

2
 

 The Schiff base ligand, HL
1 was synthesized by refluxing N,N-dimethyl-1,3-

diaminopropane (1 mmol, 0.13 mL) with 5-bromosalicylaldehyde (1 mmol, 0.201 g) in methanol 

for ca. 1 h. The ligand was not isolated and used directly for the synthesis of the complex 1. 
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The Schiff base ligand, HL
2 was synthesized in a very similar way by refluxing N,N-

diethyl-1,2-diaminoethane (1 mmol, 0.14 mL) with 3-methoxysalicylaldehyde (1 mmol, 0.152 g) 

in methanol for ca. 1 h. The ligand was also not isolated and used directly for the synthesis of the 

complex 2. 

2.2.2. Synthesis of [Fe(HL
1
)2(N3)2]ClO4⋅2H2O (1) 

A methanol solution (20 ml) of iron(III) perchlorate (1 mmol, 0.354 g) was added to the 

methanol solution of the ligand HL
1 (2 mmol) and refluxed for 1 h. A (2:1) methanol/water 

solution (5 ml) of sodium azide (2 mmol, 0.130 g) was then added to it and refluxed further for 

ca. 1 h. A black precipitate was separated out and collected by filtration and re-crystallized from 

acetonitrile/dichloromethane (1:1) solution. Diffraction quality single crystals were isolated from 

this re-crystallized product.  

Yield: 0.435 g (51%). Anal. Calc. for C24H38Br2ClFeN10O8 (FW 845.73): C, 34.08; H, 

4.53; N, 16.56; Found: C, 34.1; H, 4.6; N, 16.7; % IR (KBr, cm-1): 1624 (νC=N), 2045 (νN3), 1094 

(νClO4), 3045 (νC-H), 3433 (νO-H), UV–Vis, λmax (nm) [εmax/L mol-1 cm-1] (CH3CN), 220 (3.3 × 

103), 240 (2.1 × 103), 324 (8.1 × 102), 505 (3.1 × 102).  

2.2.3. Synthesis of [Fe(HL
2
)2(NCS)2]ClO4⋅H2O (2) 

Complex 2 was prepared in a similar method to that of complex 1, except that sodium 

thiocyante (2 mmol, 0.162 g) and ligand HL
2 (2 mmol) were added instead of sodium azide and 

ligand HL
1. It was re-crystallized from acetonitrile solution. Diffraction quality single crystals 

were isolated from this re-crystallized product.  
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Yield: 0.420 g (53%). Anal. Calc. for C30H44ClFeN6O9S2 (FW 788.13): C, 45.72; H, 5.63; 

N, 10.66; Found: C, 45.8; H, 5.7; N, 10.7;% IR (KBr, cm-1): 1616 (νC=N), 2061 (νSCN), 1084 

(νClO4), 3055 (νC-H), 3439 (νO-H), UV–Vis, λmax (nm) [εmax/L mol-1 cm-1] (CH3CN), 212 (3.0 × 

103), 265 (1.3 × 103), 342 (4.1 × 102), 437(3.3 × 102).  

2.3. X-ray crystallography  

The structural analysis of complex 1 was performed on an Agilent SuperNova 

diffractometer with Atlas detector using mirror-monochromatized Mo-Kα (λ = 0.71073 Å) 

radiation at 173 K. CrysAlis
PRO program was used for data collection and processing [49]. The 

intensities were corrected for absorption using the built-in absorption correction method [50]. 

The structure was solved with the program Superflip [51] and refined by full-matrix least squares 

on F2 using the WinGX [52] software equipped with SHELXL-2014 [53]. The perchlorate anion 

was found to be disordered over two positions. The oxygen atoms of perchlorate anion were kept 

as isotropic model. All other non-hydrogen atoms were refined with anisotropic thermal 

parameters. All hydrogen atoms were calculated to their optimal positions and treated as riding 

atoms using isotropic displacement parameters 1.2 larger than the respective host atoms.  

Single crystals of the complex 2, having suitable dimensions, were used for data 

collection using a ‘Bruker SMART APEX II’ diffractometer equipped with graphite-

monochromated Mo-Kα radiation (λ = 0.71073 Å) at 273 K. The molecular structure was solved 

by direct methods and refinement by full-matrix least squares on F
2 using the SHELX-2014 

package [53]. Non-hydrogen atoms were refined with anisotropic thermal parameters. Hydrogen 

atoms were placed in their geometrically idealized positions and constrained to ride on their 

parent atoms. Multi-scan empirical absorption corrections were applied to the data using the 
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program SADABS [54]. A summary of the crystallographic data are given in Table 1. CCDC 

reference numbers are 1406301 and 1406302 for 1 and 2 respectively. 

2.4. Hirshfeld surface analysis 

Hirshfeld surfaces [55-57] and the associated two dimensional fingerprint [58-60] plots 

were calculated using Crystal Explorer [61], with bond lengths to hydrogen atoms set to standard 

values [62]. For each point on the Hirshfeld isosurface, two distances de, the distance from the 

point to the nearest nucleus external to the surface and di, the distance to the nearest nucleus 

internal to the surface, are defined. The normalized contact distance (dnorm) based on de and di is 

given by  

 

where ri
vdW and re

vdW are the van der Waals radii of the atoms. The value of dnorm is 

negative or positive depending on whether the intermolecular contacts are shorter or longer than 

the van der Waals separations. The parameter dnorm displays a surface with a red–white–blue 

colour scheme, where bright red spots highlight shorter contacts, white areas represent contacts 

around the van der Waals separation, and blue regions are devoid of close contacts. For a given 

crystal structure and set of spherical atomic electron densities, the Hirshfeld surface is unique 

[63] and provides additional insight into intermolecular interactions in molecular crystals. 

3. Results and discussion 

3.1. Synthesis   
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In the present work, we have used two Schiff bases (HL1 and HL2) to synthesize two 

iron(III) complexes. HL1 was prepared by the condensation of N,N-dimethyl-1,3-

diaminopropane with 5-bromosalicylaldehyde following literature method [43]. HL2 was 

synthesized in a very similar way using N,N-diethyl-1,2-diaminoethane and 3-

methoxysalicylaldehyde. Addition of iron(III) perchlorate and sodium azide in the methanol 

solution of the ligand HL1 produces complex 1. On the other hand, addition of iron(III) 

perchlorate and sodium thiocyante in the methanol solution of the ligand HL2 results in the 

formation of complex 2. The schematic representations of structures of both ligands (zwitterionic 

and non-zwitterionic forms) are shown in Scheme 1 while that of both complexes are shown in 

Scheme 2. Probably the use of perchlorate salt increases the acidity of the medium and favours 

the non-deprotonation of the Schiff bases (zwittereionic form) thereby forcing them to act as 

bidentate ligands in the iron(III) complexes. 

 

Scheme 1: Sketch of the ligands (zwitterionic and non-zwitterionic forms) used in this work. 
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Scheme 2: Sketch of the complexes used in this work.  

3.2. Description of structures 

 3.2.1.[Fe(HL
1
)2(N3)2]ClO4⋅2H2O (1) 

Complex 1 crystallizes in the monoclinic space group C2/c. A perspective view of 

complex 1 with selective atom-numbering scheme is shown in Figure 1. The asymmetric unit 

contains one discrete centrosymmetric mononuclear iron(III) center [Fe(HL1)2(N3)2], one 

perchlorate ion and two solvent water molecules. The Fe(1) center is octahedrally coordinated by 

two phenoxo oxygen atoms, O(1) and O(1)* (* = 1/2-x,3/2-y,-z) and two imine nitrogen atoms, 

N(1) and N(1)* of two Schiff base ligands (HL1) and by two nitrogen atoms N(3) and N(3)* from 

two azide groups. The Fe(1)-O(1), Fe(1)-N(1) and Fe(1)-N(3) bond lengths are 1.933(3), 

2.135(4) and 2.085(4) Å, respectively, which are close to those in other related iron(III) 

complexes [43]. Selected bond distances and bond angles of complex 1 are given in Table 2. The 

azide group is almost linear [N(3)-N(4)-N(5) = 178.6(5)°]. 

The hydrogen atom, H(2A), attached to amine nitrogen atom, N(2), is involved in 

hydrogen bonding interaction with the symmetry related (x,1-y,1/2+z) oxygen atom, O(2)$ of 
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water molecule. Similarly, hydrogen atoms, H(2B) and H(2C), attached to the oxygen atom, 

O(2), are involved in hydrogen bonding interactions with the symmetry related (1/2-x,3/2-y,-z) 

phenoxo oxygen atom, O(1)* and azide nitrogen atom, N(3)*, respectively. Complex 1 forms a 

two dimensional supramolecular architecture via hydrogen bonding interactions (Figure 2). 

Details of the hydrogen bonding interaction are given in Table 3. On the other hand, the 

hydrogen atom, H(10B), attached to C(10), is involved in intermolecular C–H⋅⋅⋅π interaction with 

the symmetry related (1/2-x,1/2+y,1/2-z) phenyl ring C(1)–C(2)–C(3)–C(4)–C(5)–C(6). 

Similarly, hydrogen atom, H(12A), attached to C(12), is involved in intermolecular C–H⋅⋅⋅π 

interaction with the symmetry related (1/2-x,-1/2+y,1/2-z) phenyl ring C(1)–C(2)–C(3)–C(4)–

C(5)–C(6) to form a two dimensional sheet, as shown in Figure 3. Geometric features of the C–

H⋅⋅⋅π interactions are given in Table 4. One interesting observation in the crystal structure of 

complex 1 is that the bromine atom of the Schiff base shows close contact (3.619(1) Å) with a 

symmetry related (-x,y,1/2-z) bromine atom from a nearest neighbor. The distance is less than 

the sum (3.8 Å) of their van der Wall radii. Although the Br⋅⋅⋅Br interaction is not very common, 

examples of this type of interactions could be found in literature [64]. The Br⋅⋅⋅Br interaction in 

complex 1 creates a one-dimensional chain along crystallographic a axis, as shown in Figure 4. 

 3.2.2. [Fe(HL
2
)2(NCS)2]ClO4⋅H2O (2) 

Complex 2 crystallizes in the orthorhombic space group Pnma. A perspective view of 

complex 2 with selective atom numbering scheme is shown in Figure 5. The asymmetric unit 

contains one discrete centrosymmetric mononuclear iron(III) center [Fe(HL2)2(NCS)2], one 

perchlorate ion and one solvent water molecule. The Fe(1) centre is octahedrally coordinate by 

two phenoxo oxygen atoms, O(1) and O(1)# (# = 1-x,1-y,1-z) and two imine nitrogen atoms, N(1) 

and N(1)# of two Schiff base ligands (HL1) and by two nitrogen atoms N(3) and N(3)# from two 
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thiocyanate groups. The Fe(1)-O(1), Fe(1)-N(1) and Fe(1)-N(3) bond lengths are 1.948(3), 

2.115(3) and 2.082(4) Å, respectively, which are close to those in other related iron(III) 

complexes [43]. The thiocyanate group is almost linear [N(3)-C(1)-S(1) = 178.0(4)°].Selected 

bond distances and bond angles of complex 2 are given in Table 2. The hydrogen atom H(2A), 

attached to amine nitrogen atom N(2) is involved in hydrogen bonding interaction with the 

symmetry related (1-x,1-y,1-z) methoxy oxygen atom O(2)# (Figure 5). Details of the hydrogen 

bonding interaction are given in Table 3. 

The hydrogen atom, H(15B), attached to C(15), is involved in intermolecular C–H⋅⋅⋅π 

interaction with the symmetry related (1/2+x,y,1/2-z) phenyl ring C(1)–C(2)–C(3)–C(4)–C(5)–

C(6) to form a two dimensional sheet, as shown in Figure 6. Geometric features of the C–H⋅⋅⋅π 

interactions are given in Table 4.  

3.3. IR and electronic spectra   

In the IR spectra of both complexes, distinct bands due to azomethine (C=N) groups are 

routinely observed around 1615 cm-1 [65]. Complexes 1 and 2 show strong bands respectively at 

2045 and 2061 cm-1 due to the presence of monodentate azide and thiocyanate [65]. Both 

complexes show broad bands around 1090 cm-1 due to the presence of perchlorate anion [65]. 

The broad bands around 3400 cm-1 indicate the presence of solvent water molecules in both 

complexes [66].  

Electronic spectra of both complexes were recorded in acetonitrile in the range of 200–

800 nm. The intense absorption bands at short wavelengths (220 nm for 1 and 212 nm for 2), are 

attributed to π–π* transitions of the ligand and the absorption band around 250 nm (240 nm for 1 

and 265 nm for 2), may be assigned as n–π* transitions [43]. The spectra show a band in the 

visible region (505 nm for 1 and 437 nm for 2) assigned to azide/thiocyanate-to-iron(III) charge 
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transfer (CT). Moreover a moderately strong band (324 nm for 1 and 342 nm for 2) is a 

superposition of the amino-to-iron(III) and oxygen to iron(III) CT band [67,68].  

3.4. Magnetic properties 

Magnetic susceptibilities of complexes 1 and 2 have been measured over the temperature 

range 2-300K both at 1 T and at 0.1 T. The differences found between the measurements with 

both fields are not significant. The magnetic data of both complexes are similar. The plot of the 

magnetic susceptibility vs. temperature of complexes 1 and 2 shows a continuous increase in 

susceptibility as the temperature decreases, typical of paramagnetic complexes (Figures 7 and 8).  

The magnetic moment at room temperature of 1 and 2 are 5.28 and 5.70 µB, respectively. The 

magnetic moment of 1 is lower than the expected (5.92 µB) for a magnetically isolated high-spin 

iron(III) ion (S = 5/2) whereas the magnetic moment of 2 is closer to the theoretical value. The 

representation of χM·T versus temperature for 1 shows an almost constant value of 3.48 

emu·mol-1·K from 300 K until at around 70 K. From this point, the χM·T values slowly decrease 

until at about 25 K and, afterwards, a deeply decrease until 1.57 emu·mol-1·K is observed (Figure 

8). This value is higher than the expected (0.375 emu·mol-1·K) for an isolated low-spin iron(III) 

ion (S = 1/2). For 2 the χM·T value of 4.06 emu·mol-1·K, at room temperature, remains almost 

constant until at around 11 K and then abruptly decreases to a minimum value of 2.59 emu mol-1 

K (Figure 7). The representation of magnetization measurements at 2 K (Figure S1 and S2 for 1 

and 2, respectively, supplementary material) carried out between -5 and 5 T show no hysteresis 

loop. The χM·T values from 300 to 2 K and the shape of these curves for both complexes discard 

the existence of a high-spin/low-spin transition in spite of the spin crossover phenomenon is very 

usual in iron(III) complexes [69-71]. However, the decrease at very low temperature can be 

attributed to an anisotropic distortion of the iron(III) environment, which results in a small zero-
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field splitting of the ground state [72]. The plot of 1/χM versus T for 1 and 2 complexes (Figure 

S3 and S4, supplementary material) reveals that the complexes exhibit, basically, a Curie 

behavior, which confirms the absence of significant cooperative phenomena in both complexes.  

The magnetic moment value of 2 at room temperature is in the experimental range for d5 high 

spin complexes [73]. Thus, the magnetic data can be fitted using the equation 1, which considers 

the magnetic susceptibility of a high-spin iron(III) (S = 5/2) ion in an axially distorted octahedral 

environment. 

 

In Eq.1, x = D/kT, and D is the zero-field splitting parameter of the S =5/2 spin. The terms N, β, 

k, and T have the usual meanings. The best fit (Figure 7) was obtained with the following 

parameters: g = 1.93, D = 3.34 cm-1 and σ2 = 3.0 10-3. The D values are of the same order of 

other high-spin iron(III) complexes [74,75] and the agreement factor defined as: 

Σi[(χMT)obs(i)−(χMT)calc(i)]
2/Σi[(χMT)obs(i)]

2 indicates a good agreement between experimental and 

calculated data.  

However, as stated above, the magnetic moment at room temperature for 1 is lower than 

the expected for a S = 5/2 spin complex. In addition, the decrease of χM·T with temperature is 

more pronounced than the expected for a complex with a small zero-field splitting. The existence 

of an intermediate spin state, or a quantum spin admixture between high and intermediate spin 

states, can be discarded taking into account the stereochemical environment of the iron centre 

[76]. The magnetic behavior of 1 might be explained by the existence of a physical mixture of S 

= 5/2 and S = 1/2 spins and the presence of zero-field splitting in the S = 5/2 species (Eq. 2). 
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The first term corresponds to the contribution to the magnetic susceptibility of a high-spin 

iron(III) (S = 5/2) ion in an axially distorted octahedral environment; the second term 

corresponds to a low-spin iron(III) complex (S = 1/2) and ρ represents the fraction of the low-

spin complex in the mixture. To avoid over-parametrization g1 and g2 were fixed (g1= g2= 2). 

The parameters obtained in the best fit were D = 9.25 cm-1, ρ = 23 %, and σ2 = 3.0 10-3 (Figure 

8). The application of this model to the 2 data gave the following parameters: D = 3.36 cm-1, ρ = 

7 %, and σ2 = 3.0 10-3. The D values are of the same order of other high-spin iron(III) complexes 

[73,74]. As a consequence, these fits are in accordance with a physical mixture for 1 of 77% of 

the high-spin complex and a 23% of the low-spin species, and for 2 of 93% of the high-spin 

complex and a 7% of the low-spin species. This model explains well the magnetic data of 1. 

However, the coexistence of two magnetic species with the same nature but different spin 

configuration along the whole range of temperature and the lack of spin transition seems to be 

unlikely, unless there is a mechanism that prevents the transition to occur. A possible explanation 

could be the coexistence of two complexes in the bulk material: one of them containing the 

Schiff base coordinated in the zwitterionic form (about 77%, high spin) and the other having the 

Schiff base in the (deprotonated) non-zwittwerionic form (about 23%, low spin). Although a 

mixture of both non-zwitterionic and zwitterionic forms has been found spectroscopically for 

sodiated arginine [77], the presence of both forms in the solid state is difficult to demonstrate by 

X-ray diffraction. However, it has been demonstrated that even two identical species can 

crystallized with two different spin configurations due to residual interactions in the solid state 

[78]. 
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3.5. Hirshfeld surface analysis  

The Hirshfeld surfaces mapped with dnorm for the complexes 1 and 2 are illustrated in 

Figures 9 and 10, respectively. The dominant interactions between N·· ·H, O···H and C·· ·H 

atoms in all the complexes can be seen in the Hirshfeld surface as the bright red areas. Other 

visible spots in the Hirshfeld surfaces correspond to H·· ·H contacts. The small extent of area and 

light colour on the surface indicates weaker and longer contact other than hydrogen bonds. 2D 

fingerprint plots complement these surfaces, quantitatively summarizing the nature and type of 

intermolecular contacts experienced by the molecules in the crystal. The O·· ·H/H·· ·O 

intermolecular interactions appear as distinct spikes in the 2D fingerprint plots of both 

complexes. The fingerprint plots can be decomposed to highlight particular atoms pair close 

contacts [79]. This decomposition enables separation of contributions from different interaction 

types, which overlap in the full fingerprint. The amount of O·· ·H/H···O interactions comprises 

22.1% and 25.2% of the Hirshfeld surfaces for each molecule of complex 1 and 2 respectively.  

4. Conclusion   

This paper describes the synthesis and X-ray structure of two new octahedral iron(III) 

complexes containing zwitterionic Schiff bases and pseudo-halides. Both Schiff bases do not use 

all of their potential donor atoms and therefore do behave as pendant ligands. The magnetic 

moment value of 2 at room temperature is in the experimental range for d5 high spin complexes. 

The variable temperature magnetic susceptibility data of 2 was fitted to the appropriate equation 

and the best fit zero-field splitting parameter is of the same order of other high-spin iron(III) 

complexes. However, the magnetic moment at room temperature for 1 is lower than the expected 

for a high-spin iron(III) complex. The decrease of χMT with temperature is also more pronounced 

than that expected for a complex with a small zero-field splitting.  
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Table 1: Crystal data and refinement details of complexes 1and 2 

Complex 1 2 

Formula C24H38Br2ClFeN10O8 C30H44ClFeN6O9S2 

Formula Weight 845.73 788.13 

Temperature (K) 173 273 

Crystal  system Monoclinic Orthorhombic 

Space group C2/c Pnma 

a(Å) 12.67(3) 9.9232(3)   

b(Å) 9.14(2)     28.5197(10)    

c(Å) 28.99(6)    13.5489(5) 

β(deg) 96.58(2) (90) 

Z 4 4 

dcalc (g cm-3) 1.685 1.365 

µ (mm-1) 2.990 0.627 

F(000) 1716 1652 

Total Reflections 6439    47187  

Unique Reflections 2941   3315 

Observed data [I > 2 σ 2615 2280 

No. of parameters 219 247 

R(int) 0.020 0.070 

R1, wR2 ( all data) 0.0387, 0.0971 0.0903, 0.1979 

R1, wR2 [I > 2 σ (I)] 0.0445, 0.0927 0.0609, 0.1737 
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Table 2: Selected bond lengths (Å) and bond angles (º) for complexes 1 and 2  

Complex 1 2 

Fe(1)-O(1) 1.933(2) 1.948(3) 

Fe(1)-N(1) 2.136(3) 2.115(3) 

Fe(1)-N(3) 2.086(4) 2.082(4) 

O(1)-Fe(1)-N(1) 88.08(1) 91.31(1) 

O(1)-Fe(1)-N(3) 99.66(1) 89.47(1) 

N(1)-Fe(1)-N(3) 90.05(1) 91.16(1) 

 

Table 3: Hydrogen bond distances (Å) and angles (º) for complexes 1 and 2. 

Complex D–H···A D–H D···A H···A ∠ D–H···A Symmetry transformation 

 

1 

N(2)-H(2A)⋅⋅⋅O(2)          1.00     2.758(6)     1.77    171.00    1/2+x,1-y,z 

O(2)-H(2B)⋅⋅⋅O(1)          0.87     3.078(5)     2.49   125.00    1/2-x,3/2-y,1/2-z 

O(2)-H(2C)⋅⋅⋅N(3)   0.87     2.92(5) 2.09 158.00    1/2-x,3/2-y,1/2-z 

2 N(2)-H(2A)⋅⋅⋅O(2)               0.98 2.848(5) 1.88 169.00 1-x,1-y,1-z 

   

    D, donor; H, hydrogen; A, acceptor 
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Table 4: Geometric features of the C–H·· ·π interactions of complexes 1 and 2. 

Complex 
C–H·· · ·Cg(Ring) 

H·· · ·Cg 

(Å) 

C–H·· · ·Cg 

(°) 
C·· · ·Cg (Å) 

Symmetry 
transformation 

 

1 

C(10)–H(10B)···Cg(3) 2.92    139 3.723(4) 1-x,1/2+y,1/2-z 

C(12)–H(12A)·· ·Cg(3) 2.95    113 3.456(7)      1-x,-1/2+y,1/2-z 

2 C(15)–H(15B)···Cg(3) 2.88   123 3.502(6) 1/2+x,y,1/2-z 

 

For complex 1, Cg(3) = Centre of gravity of 6-membered ring [C(1)–C(2)–C(3)–C(4)–C(5)–

C(6)];For complex 2, Cg(3) = Centre of gravity of 6-membered ring [C(2)–C(3)–C(4)–C(5)–

C(6)–C(7)]. 

 

 

Figure 1: Perspective view of complex 1 with selective atom numbering scheme. perchlorate ion 

and solvent water molecules are not shown for clarity.  
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Figure 2: Two dimensional hydrogen bonded architecture of complex 1. Hydrogen bonds are 

shown by red dotted lines. Only relevant atoms are shown.  
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Figure 3: Two dimensional supramolecular architecture of complex 1 via C−H·· ·π interactions. 

Only relevant atoms are shown. 

Figure 4: One dimensional chain of complex 1 via Br· · ·Br interactions along crystallographic a 

axis. 
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 Figure 5: Perspective view of complex 2 with selective atom numbering scheme. Hydrogen 

bonds are shown by red dotted lines. Solvent water molecule and perchlorate ion are not shown 

for clarity. 
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Figure 6: Two-dimensional supramolecular sheet of complex 2 via C−H·· ·π interactions. Only 

relevant atoms are shown. 
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Figure 7: Plot of magnetic susceptibility (○) and χM·T (∆) vs T for complex 2. The solid lines are 

the result of fitting the experimental data with Eq. 1. 

 

 

Figure 8: Plot of magnetic susceptibility (○) and χM·T(∆) vs T for complex 1. The solid lines are 

the result of fitting the experimental data with Eq. 2. 
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Figure 9: (a) Hirshfeld surface mapped over dnorm. (b) two dimensional fingerprint plots. (c) two 

dimensional fingerprint plots with the O·· ·H/H·· ·O interactions highlighted in colour for 

complex 1. 

 

Figure 10: (a) Hirshfeld surface mapped over dnorm. (b) two dimensional fingerprint plots. (c) 

two dimensional fingerprint plots with the O·· ·H/H·· ·O interactions highlighted in colour for 

complex 2. 
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Two new octahedral iron(III) complexes have been synthesized. Single crystal X-

ray diffraction studies confirm their structures. In both complexes, Schiff bases are 

trapped in their zwitterionic forms and behave as bi-dentate ligands, keeping the 

remaining potential donor sites pendant. Variable temperature magnetic susceptibilities 

were measured and no evidence of spin crossover could be observed. 
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Research Highlights 

• Synthesis and characterization of two new octahedral iron(III) complexes 

• Zwitterionic Schiff bases  behaving as pendant ligands 

• Molecular structures on the basis of X-ray crystallography  

• Measurement of variable temperature magnetic susceptibilities  

 

 


