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Abstract  

The General formula [ML)·xH₂O] (where M = Mn(II), Ni(II), Co(II), Cu(II), and Pt(II); L = 

2,2′-{(1R,1′S)-1,1′-ferrocen-2,4-dien-1-yl-2,2′-diyl bis[(Z)methyl-ylidenenitrilo]} bis(3-

iodophenol)) has been successfully synthesised unique organometallic Schiff base complexes. 

Elemental analysis, magnetic susceptibility tests, conductivity investigations, IR spectroscopy, 

UV–visible spectroscopy, Electronic Spectra, SEM/ EDX mass spectrometry, and thermal 

analysis (TGA/DTA) were all used to characterise these complexes. Through the azomethine 

nitrogen (>C=N–) and hydroxyl oxygen atoms, the Schiff base ligand functions as a 

tetradentate donor. The resultant complexes have a coordination number of six and display 

octahedral geometry. To assess bonding qualities, electronic spectra were collected, and 

parameters such as the nephelauxetic effect (β), bonding parameter (b½), and Sinha's parameter 

(δ%) were calculated. Weight loss related to exothermic and endothermic processes was found 

in thermal investigations (TGA/DTA) of [Ni (C36H26Fe2N4O2)] , and [Pt (C36H26Fe2N4O2)] 

complexes. Furthermore, Cu(II) complex organometallic nanoparticles (OMNPs) were prepared. 

Particle sizes ranging from 25 to 57 nm were found by SEM and EDX characterisation. Three 

pathogenic fungi, Alternaria brassicae, Aspergillus niger, and Fusarium oxysporum, were used 

to test the ligand and its complexes for antifungal activity. 

Key Words 

FTIR, UV-Visible, TGA/DTA, SEM, EDX 

1.0 Introduction  

Organometallic Schiff base metal complexes have been identified as important components of 

biological systems [1-2]. Due to their numerous applications, these compounds are utilised in 

the polymer, dye, and pharmaceutical industries [3–4]. Additionally, it has been demonstrated 

that several organometallic Schiff base complexes exhibit luminescent properties [5-7]. 

Transition metal complexes made from organometallic Schiff bases have shown antitumor and 

anticancer properties [8–9], and other research has emphasised their potential for use in 

medicine. The fungicidal and insecticidal characteristics of these complexes have been 

thoroughly studied from a biological standpoint [10–12]. Additionally, as model compounds for 

researching the mechanism of reversible oxygenation, synthetic reversible oxygen-carrying 

complexes based on organometallic Schiff bases are particularly interesting [13–14]. These 

studies offer important information on how natural oxygen carriers, such as haemoglobin, 

operate [15]. 
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In the field of medicine, organometallic compounds and metal complexes are becoming more 

and more significant as their medicinal qualities are investigated for the treatment of a variety 

of illnesses. The existence of one or more covalent metal–carbon bonds and their exceptional 

structural variety are characteristics of organometallic compounds. They are often uncharged, 

somewhat lipophilic, and kinetically stable, making them attractive options for the creation of 

new therapeutic medicines [16–18].In contrast, metal complexes are made up of a core metallic 

atom or ion that is attached to nearby molecules or ions. Both metal complexes and 

organometallic compounds have been shown to have anti-inflammatory properties and to be 

useful in reducing the negative effects of free radicals [19–20]. This study used elemental 

analysis, magnetic susceptibility, and spectrum analysis to characterise the synthesis of Schiff 

base molecules and some transitional metal ion complexes.  

2.0 Material and Methods 

Every chemical and reagent utilised was of analytical grade and didn't require any additional 

purification. AMI Chemicals provided the ferrocene dialdehyde chemical. Before usage, each 

solvent was distilled and purified. At IICT, elemental analysis was carried out. An Elico 

conductivity bridge was used in the college lab to assess conductivity. As a calibrant, [Hg Co 

(CNS)₄] was used to test magnetic susceptibility. KBr pellets were used to record infrared 

spectra on a Perkin-Elmer Paragon-500 spectrophotometer. The laboratory provided the mass 

spectra of the organometallic Schiff base and the synthesised complexes. A Cintra-5 GBC UV–

Visible spectrophotometer was used to record electronic spectra. A Joel-8030 double 

goniometer X-ray powder diffractometer was used to gather X-ray powder diffraction (XRD) 

patterns. Toluene was used as the solvent in a specific gravity bottle to measure the densities of 

the complexes. On a Mettler Toledo Star system, thermogravimetric (TGA) and differential 

thermal analyses (DTA) were carried out in a nitrogen atmosphere between 25 and 900 °C. 

Atomic absorption spectroscopy (AAS) was used to determine the Pd(II) concentrations, whilst 

gravimetric analysis was used to quantify the iron amount. 

2.1 Preparation of Organometallic Schiff Base Compound 

 1’1'-ferrocen-2, 4-dien-1-yl-2, 2'-dicarbaldehyde (1.45g) and 2-amino-3-iodophenol (2.04g) 

were dissolved independently in 20cm3 of ethanol and combined in an equimolar ratio. Two to 

three drops of alcoholic ammonia were added and mixed rapidly on a magnetic plate for thirty 

minutes. The resultant solutions were stored in a microwave oven for 10 minutes. This solution 

will then be allowed to cool overnight in a dark place until the solid separates. Whatman 41 

filter paper is used to filter the solids. The product's yield percentage is 71%. 

Journal Of Technology || Issn No:1012-3407 || Vol 15 Issue 12

PAGE NO: 307



 

2.2 Physical Properties of Schiff Base 

Appearance Reddish yellow crystalline powder 
Molecular Formula  C36H28Fe2N4O2 
Molecular weight  660.336  
Decomposition point (DP) 182-185 ºC 

2.3 Metal Complex synthesis 

The Schiff base ligand (L) dissolved in (Methanol + Isobutyl Alcohol), and A 0.2 M solution of 

metal chloride was prepared using double-distilled water. Equimolar solutions of the Schiff 

base (L) (0.2 M) and the metal chloride (0.2 M) were mixed in M:L ratios of 1:1, 2:1, and 1:2, 

and the resulting solutions were heated on a hot plate for sixty minutes with constant magnetic 

stirring. During the stirring, two to three drops of alcoholic ammonia were added. After sixty 

minutes of stirring, the mixture was kept in a hot microwave oven for roughly fifteen minutes. 

Kept in a dark place overnight, the solid reappeared. It was filtered, cleaned with alcohol, and 

dried for 12 hours at 60 °C in a dry oven. The product yield ranges from 48-59%. 

 

3.0 Results and Discussion 

The produced compounds are stable at room temperature and are non-hygroscopic. On heating, 

they decompose at high temperatures. The complexes dissolve in DMF/DMSO but are 
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insoluble in water. Table 1 provides a summary of the physical characteristics and analytical 

data. At room temperature, every compound that has been prepared is stable and colourful. The 

complexes are soluble in dimethyl sulfoxide and dimethyl formamide but insoluble in organic 

solvents such as toluene, methanol, ethanol, acetonitrile, and chloroform. They decompose in 

the range 205-230°C. The melting point and decomposition point reported in the open capillary 

are uncorrected. The complexes were non-electrolytic in nature [21], and their conductivity 

values were measured in a 10-3 molar solution of dimethyl sulfoxide [22]. 

The metal contents were estimated by using EDTA (0.01) with Xylenol Orange indicator for 

Fe³⁺ determination in an acidic medium. Murexide indicator is used for the estimation of 

Cobalt (II), Cu²⁺and Ni²⁺ metal ions. Eriochrome Black T (EBT) is used for the estimation of 

Zn2+metal ion and Cobalt ions. Platinum metal is estimated by using AAS. 

Table -1: Analytical and Physical Data (* Experimental) 

Complexes/Ligand MP/ 
DP ᵒC 

% 
Yield 

C% H% N% Fe% M% Condu
ctivity 

μeff 
BM 

(C36H28Fe2N4O2) 182-
185 

71 % 65.48 4.27 8.48 16.91 - - - 
65.01* 4.01* 8.25* 16.72* - 

[Mn(C36H26Fe2N4O2)] 201-
204 

57% 56.86 3.67 7.86 15.66 7.70 4.28 5.09 
56.78* 3.55* 7.70* 15.48* 7.55* 

[Ni (C36H26Fe2N4O2)] 215-
218 

54% 60.30 3.66 7.81 15.58 7.81 4.39 3.12 
60.15* 3.54* 7.69* 15.47* 7.69* 

[Co(C36H26Fe2N4O2)] 217-
220 

48% 60.28 3.65 7.81 15.57 8.22 4.55 4.48 
60.17* 3.55* 7.65* 15.44* 8.01* 

[Cu(C36H26Fe2N4O2)] 222-
225 

55% 59.90 3.63 7.76 15.47 8.80 4.69 2.11 
59.77* 3.54* 7.65* 15.35* 8.72* 

[Zn(C36H26Fe2N4O2)] 208-
211 

58% 59.75 3.62 7.74 15.43 9.04 4.77 Dimag 

59.63* 3.54* 7.60* 15.30* 8.95* 
[Pt(C36H26Fe2N4O2)] 225-

228 
51% 50.67 3.07 6.57 13.09 22.86 4.92 - 

50.60* 2.92* 6.42* 12.95* 22.74* 

3.1 Magnetic Properties 

The complexes' corrected magnetic moment (μeff) in Bohr magnetons (BM) units. The 

magnetic moments of the complexes are measured at room temperature [23]. This suggests that 

the third electron plays a little role in the creation of bonds. Table -1 lists the complexes' μeff. 

values.  

3.2 Ligand's Infrared Spectra 

The infrared spectra of the ligand exhibit a band at 1645cm-1, which is related to v(>C=N-) of 

the azomethine group [24]. The broad band in the area 3440-3450cm-1 is equivalent to v(O—H) 

hydroxyl groups. The IR spectra of the ligand exhibit the bands at 1650-1655 cm -1, which 

relate towards the presence of v(C-H) and v(C=N). The (C-O) bands typically appear as a 
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strong peak between 1170-1180 cm-1, and the band at 450- 460 cm-1 is for the Fe-Cp ring, 

respectively [25]. 

 

Figure-1: FTIR of Schiff Base Ligand 

3.3 Infrared Spectra of the Metal Ion Complexes 

 The IR spectra provide vital information regarding the kind of functional group bound to the 

metal atom. To examine the bonding mode of Schiff bases to metal complexes. Relevant IR 

bands that give strong structural evidence for the production of ligand and complexes are 

described in Table 2 and in the figure. The infrared spectra of complexes were examined with 

the ligand and their substituted moieties [26]. All metal complexes' infrared band assignments 

show broad bands in the range 3475–3510 cm-1, suggesting the presence of coordinated water 

molecules [27]. A band shifted in the low region at 1605-1625cm–1  is due to v (>C = N-) 

vibrations. The shifting of this group to a lower frequency in the metal complexes when 

compared to the free ligand suggests the coordination of the metal ion through the nitrogen 

atom of the azomethine group with the metal atom would reduce the electron density in the 

azomethine link and thus lower the –HC=N absorption [28]. A broad band at 3450cm-1 was 

seen in the spectra of the ligands due to υ(OH) stretching vibrations however this band 

disappeared in the spectra of all the complexes [29]; instead, a new band formed at 1235-1250 

cm-1 due to the υ(>C-O) frequency, which clearly supports the fact that during chelation, 

deprotonation of the hydroxyl group [30]. The presence of nitrogen and oxygen atoms in 

conjunction with metal ions is supported by the appearance of new bands in the spectra of 

complexes in the region of 510-535 cm-1, which correspond to vM-N [31] and 470-490cm-1 to 

ʋ M-O vibrations[32]. These bands are absent from the ligand spectrum. 
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Figure 2: FTIR of Mn (II) and Co (II) Complexes 

Table 2: FTIR of Schiff base ligand and metal complexes (in cm-1) 
L/Complexes νOH νHC=N νH2O νH2O νNH2 νM-O νM-N 

(C36H28Fe2N4O2) 3450 1645 - - 3270 - - 
[Mn(C36H26Fe2N4O2)] - 1610 3490 3475 - 490 530 
[Co(C36H26Fe2N4O2)] - 1620 3510 3495 - 480 535 
[Ni (C36H26Fe2N4O2)] - 1610 3495 3480 - 485 525 
[Cu (C36H26Fe2N4O2)] - 1612 3492 3484 - 479 525 
[Zn (C36H26Fe2N4O2)] - 1618 3488 3475 - 485 528 
[Pt (C36H26Fe2N4O2)] - 1621 3491 3471 - 487 527 

3.4 Electronic Spectra 

The electronic spectra of the Cu+2 and Ni+2 metal ion complexes have been recorded in DMF 

solutions in the wavelength range 380-800nm. The spectral parameters and their assignment 

are provided in Table 3. The electronic d-d transition bands generally display modest disruption 

due to complexation, with an increase in intensity, a shift to the red area, and the splitting of 

some bands observed upon complex creation. Ethanol and dimethyl sulfoxide are used in the 

solution phase to observe the position shapes of Cu+2 and Ni+2 ions. The Cu+2 and Ni+2 

complexes have lower energies than those of the aqua complex. In Ni(II) complex UV region 

(345 nm): Strong LMCT and π–π* transitions. Visible region (425 nm): Weak d–d transitions, 

diagnostic of geometry. And Near IR (710): Additional d–d transitions I n octahedral 

complexes. In Cu (II) Complex MLCT (Cu → Ligand) peak at 385nm due to the possibility of 

π-acceptor ligands and d–d transitions at 520nm, Weak, broad, geometry-dependent. The extent 

of the bathochromic shift of the bands in each case, meagre Nephelauxetic effect (β) [33], the 

bonding parameter (b1/2) [34] and Sinha’s parameter (δ%) [35] were calculated. The 3d orbital's 

participation is reflected in the bonding parameter. A diminishing sequence of 3d–orbital 

participation in the Cu+2 and Ni+2 complexes is indicated by the b1/2 value found for the current 

complexes. The average value of Sinha’s parameter (δ% %) and η determined in each example 
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is positive and lower, indicating the presence of weak covalent bonding character in the 

complexes. 

Table 3: Electronic Spectra 
Complexes Bands(nm) β 1-β η b1/2 δ % 

[Ni(C36H25Fe2N4O2.)2H2O] 425,610 0.9835 0.0165 0.1289 0.0642 1.2952 

[Cu(C36H25Fe2N4O2.)2H2O] 385, 520 0.9795 0.0205 0.1439 0.0715 1.4466 

 

Figure -3: Electronic Spectra of Ni and Cu(II) Complexes 

3.5 Thermal Analysis 

The findings of the thermogravimetric and differential thermal analyses of [Ni (C36H26Fe2N4O2)] , 

and [Pt (C36H26Fe2N4O2)] are presented below. Complexes lose weight owing to exothermic and 

endothermic activity [36-37]. These compounds break down in four stages and are thermally 

stable at room temperature. It is discovered from the figure that the heating rates were properly 

controlled at 20 °C min–1 under a nitrogen environment, and the weight loss was measured 

from the ambient temperature up to 800 °C. The schemes of the respective complexes are 

provided below. 

Table 4: Thermogravimetric Data of Complex (* Exothermic) 

Complex Temp. Range 
(°C) 

Calculated 
value (%) 

Experimental 
value (%) 

Possible leaving 
groups 

 
[Ni (C36H26Fe2N4O2)] 

10-150 7.48 7.32 H2O, CH2 
150-325 19.12 18.98 H2O, C5H2N2 
325-490 21.42 21.28* C4H6N 
500-900 39.45 39.335 Ni- Oxide 

 
[Pt (C36H26Fe2N4O2)] 

10-160 8.12 8.02 H2O, CH2 
190-325 18.52 18.40 H2O, C5H2N 
330-470 22.50 22.38* C6H5N2 
450-900 40.18 40.05 Pt-Oxide 
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Figure -4: TGA/DTA of Ni(II) and Pt)II) Complexes 

3.6 Synthesis of nanoparticles: Equimolar concentrations of ligand and metal solutions were 

mixed in the absence of ammonia and subjected to centrifugation at 6000 rpm for three hours. 

Post-centrifugation, the supernatant was concentrated to yield copper nanoparticles (CuNPs). 

Figure-5 presents the SEM and EDX analyses of the [Mn (C36H26Fe2N4O2)] complex. The 

synthesised nanoparticles were subsequently subjected to further characterisation. SEM and 

EDX spectra of the resulting MnNPs were recorded, revealing particle sizes in the range of 25-

57 nm. 

 

Figure -5: SEM and EDX of MnNPs 

3.7 Antifungal Activity: The produced organometallic Schiff base ligand and its complexes 

were investigated for their antifungal activity against fungal strains identified as Alternaria 

brassicae, Aspergillus niger, and Fusarium oxysporum. The ligands and their complexes 

demonstrate varying anti-fungal effects against the fungal strains [38-39]. In comparison to 

unbound Schiff bases, their metal complexes demonstrated markedly stronger antibacterial 

activity. This enhanced effectiveness is likely due to the complexes’ capacity to interfere with 

microbial cellular functions, making them more cytotoxic than the free ligands under 

equivalent experimental conditions. The observation is consistent with Tweedy’s chelation 
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theory, which suggests that chelation reduces the polarity of the metal ion through partial 

charge sharing with donor atoms and possible π-electron delocalisation across the chelate ring. 

These interactions can increase the ability of the complexes to penetrate microbial membranes, 

thereby boosting their antibacterial efficacy. Overall, the findings reveal a concentration-

dependent rise in microbial inhibition with the use of metal complexes. 

Table-5: Antifungal Activity 
Ligand/ 
Complexes 

Alternaria 
brassicae 

Aspergillus 
niger 

Fusarium 
oxysporum 

Ligand 14 16 19 
Mn (II) 22 19 23 
Ni(II) 25 17 20 
Co(II) 24 19 21 
Cu(II) 21 23 25 
Zn(II) 22 21 27 
Pt(II) 23 26 22 

Furthermore, the mechanism of action of these compounds may involve the formation of 

hydrogen bonds via the azomethine nitrogen atom (>C=N) with the active sites of cellular 

constituents, thereby disrupting normal cellular processes.  

4.0 Conclusions 

The structures of the ligand and its metal complexes with Mn(II), Co(II), Ni(II), Cu(II), and 

Pt(II) have been elucidated. Analytical data confirm that all complexes exhibit a 1:1 metal-to-

ligand stoichiometry and behave in a non-electrolytic nature. Spectroscopic evidence indicates 

that the ligand functions as a neutral hexadentate donor ligand, coordinating through the 

nitrogen atom of the imino group and the oxygen atoms of the hydroxyl groups. Based on 

analytical, molar conductance, magnetic, and spectral studies, these complexes are 

characterised by an octahedral geometry. The nanoparticles obtained display sizes ranging from 

25-57 nm. Antifungal assays reveal that the biological activity of the ligand against the tested 

organism is significantly enhanced upon chelation with metal ions. 
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