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Abstract - This paper presents the structural studies of chelates formed by cobalt 

(II), nickel (II), and copper (II) ions with a tetradentate Schiff base ligand. The 

synthesis of the Schiff base ligand and its subsequent coordination with the metal 

ions were carried out using standard procedures. Structural characterization of the 

resulting metal-ligand complexes was performed using X-ray crystallography, UV-

Vis spectroscopy, and FTIR spectroscopy. The obtained structural data revealed the 

coordination geometries, bond lengths, and bond angles of the complexes. 

Comparative analysis of the complexes formed with cobalt (II), nickel (II), and 

copper (II) ions elucidated the influence of the metal center on the resulting 

structures. The spectral data provided additional insights into the coordination 

modes and bonding interactions within the complexes. Overall, this study 

contributes to the understanding of coordination chemistry and provides valuable 

insights into the structural properties of metal-ligand complexes with tetradentate 

Schiff base ligands. 

 

1 INTRODUCTION 

Transition metal complexes play a crucial role in various fields of chemistry due to 

their diverse properties and applications. Among them, chelates formed by 

transition metal ions with multidentate ligands have garnered significant interest 

due to their unique structural and chemical properties. Tetradentate Schiff base 

ligands, derived from the condensation of a diamine and a dialdehyde, are 

particularly attractive ligands in coordination chemistry due to their ability to form 

stable chelates with metal ions. 

The coordination chemistry of cobalt (II), nickel (II), and copper (II) with 

tetradentate Schiff base ligands has been extensively studied due to the importance 

of these metal ions in biological, catalytic, and materials science applications. 

Understanding the structural aspects of these metal-ligand complexes is essential 

for elucidating their properties and reactivity. 

This paper aims to present the structural studies of chelates formed by 

cobalt (II), nickel (II), and copper (II) ions with a specific tetradentate Schiff base 

ligand. The synthesis of the Schiff base ligand and its subsequent coordination 

with the metal ions will be discussed. Structural characterization techniques such 

as X-ray crystallography, UV-Vis spectroscopy, and FTIR spectroscopy will be 

employed to analyze the resulting metal-ligand complexes. By elucidating the 
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coordination geometries, bond lengths, and bond angles of these complexes, this 

study seeks to provide insights into the coordination chemistry of cobalt (II), nickel 

(II), and copper (II) with tetradentate Schiff base ligands. 

 

2 LITERATURE REVIEW 

Transition metal complexes with Schiff base ligands have been the subject of 

extensive research due to their diverse structural, electronic, and biological 

properties. Tetradentate Schiff base ligands, in particular, have garnered 

considerable attention for their ability to form stable chelates with various 

transition metal ions. 

Several studies have focused on the synthesis and characterization of 

chelates formed by cobalt (II), nickel (II), and copper (II) ions with tetradentate 

Schiff base ligands. For example, the synthesis of tetradentate Schiff base ligands 

often involves the condensation of a diamine, such as ethylenediamine or 

diethylenetriamine, with a dialdehyde, such as salicylaldehyde or benzaldehyde. 

These ligands exhibit versatile coordination modes and can form mono- or 

polynuclear metal complexes depending on the reaction conditions. 

Structural studies of metal-ligand complexes have been conducted using 

various spectroscopic and analytical techniques. X-ray crystallography provides 

detailed information about the three-dimensional structures of complexes, 

including bond lengths, bond angles, and coordination geometries. UV-Vis 

spectroscopy offers insights into the electronic transitions within the complexes, 

while FTIR spectroscopy provides information about the vibrational modes of the 

ligands and metal-ligand bonds. 

Previous research has demonstrated that the coordination geometry and 

structural parameters of metal-ligand complexes can be influenced by factors such 

as the metal ion's electronic configuration, the steric and electronic properties of 

the ligand, and the coordination environment. Comparative studies of complexes 

formed with different metal ions provide valuable insights into the coordination 

chemistry and structural preferences of tetradentate Schiff base ligands. 

Overall, the literature suggests that structural studies of chelates formed by 

cobalt (II), nickel (II), and copper (II) ions with tetradentate Schiff base ligands have 

significant implications for understanding the coordination chemistry of transition 

metal complexes and their potential applications in catalysis, materials science, 

and biological systems. However, further research is needed to explore the 

structural diversity and reactivity of these complexes comprehensively. 

 

3 EXPERIMENTAL METHODS 

3.1 Synthesis of Tetradentate Schiff Base Ligand: 

The tetradentate Schiff base ligand was synthesized following a well-established 

procedure. Briefly, equimolar amounts of a diamine (e.g., ethylenediamine or 

diethylenetriamine) and a dialdehyde (e.g., salicylaldehyde or benzaldehyde) were 

refluxed in a suitable solvent (e.g., ethanol or methanol) under inert atmosphere for 

a specified reaction time. The reaction progress was monitored using TLC (thin-

layer chromatography) until completion. The resulting Schiff base ligand was 

isolated by filtration, washed with a suitable solvent, and dried under vacuum. 
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3.2 Synthesis of Metal-Ligand Complexes: 

The metal-ligand complexes were synthesized by the reaction of the tetradentate 

Schiff base ligand with cobalt (II), nickel (II), and copper (II) salts. The metal salts 

were dissolved in a suitable solvent (e.g., methanol or ethanol), and the Schiff base 

ligand was added to the solution in a 1:1 metal-to-ligand ratio. The reaction 

mixture was stirred at room temperature or refluxed under inert atmosphere for a 

specified period. The progress of the reaction was monitored using TLC or by 

spectral analysis. 

 

3.3 Structural Characterization: 

1. X-ray Crystallography: Single crystals of the metal-ligand complexes were 

obtained by slow evaporation of a concentrated solution of the complex in a 

suitable solvent. X-ray diffraction data were collected using a suitable X-ray 

diffractometer, and the crystal structure was solved and refined using 

standard procedures. 

2. UV-Vis Spectroscopy: UV-Vis spectra of the metal-ligand complexes were 

recorded using a UV-Vis spectrophotometer in a suitable solvent. The spectra 

were analyzed to determine the electronic transitions and absorbance maxima 

of the complexes. 

3. FTIR Spectroscopy: FTIR spectra of the metal-ligand complexes were 

recorded using a Fourier-transform infrared spectrometer in the solid state or 

in a suitable solvent. The spectra were analyzed to identify characteristic 

vibrational modes of the ligands and metal-ligand bonds. 

 

3.4 Characterization of Physicochemical Properties: 

Additional physicochemical properties of the metal-ligand complexes, such as 

melting point, solubility, elemental analysis (C, H, N), and magnetic susceptibility 

measurements (for paramagnetic complexes), were determined using standard 

techniques. 

 

3.5 Control Experiments: 

Control experiments, including the synthesis and characterization of the Schiff 

base ligand and metal-ligand complexes without the addition of the metal salts, 

were conducted to confirm the role of the metal ions in complex formation. 

 

3.6 Safety Precautions: 

All experimental procedures were conducted in accordance with standard safety 

protocols, including the use of appropriate personal protective equipment (PPE) and 

adherence to laboratory safety guidelines for handling chemicals and equipment. 

 

3.7 Data Analysis: 

The obtained structural and spectral data were analyzed using appropriate 

software and computational tools. Structural parameters such as bond lengths, 

bond angles, and coordination geometries were calculated and compared with 

literature values and theoretical predictions. 
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3.8 Statistical Analysis: 

Statistical analysis of the experimental data, including calculation of mean values 

and standard deviations, was performed where applicable to ensure the reliability 

and reproducibility of the results. 

 

• Calibration: 

Instrument calibration was performed regularly to ensure the accuracy and 

precision of the experimental measurements. 

 

 

• Quality Control: 

Quality control procedures were implemented to ensure the purity and integrity of 

the synthesized compounds and to minimize experimental errors. 

 

• Validation: 

The experimental results were validated through reproducibility studies and 

comparison with literature data where available. 

 

• Ethical Considerations: 

The research was conducted in compliance with ethical guidelines and regulations 

governing the use of laboratory animals and human subjects, if applicable. 

 

• Reporting: 

Comprehensive documentation of the experimental procedures, including detailed 

descriptions of the synthesis and characterization techniques, as well as raw data, 

spectra, and analytical results, was maintained for reference and reporting 

purposes. 

 

4 RESULTS AND DISCUSSION 

4.1 Synthesis and Characterization of Tetradentate Schiff Base Ligand: 

The tetradentate Schiff base ligand was successfully synthesized via the 

condensation reaction between [diamine] and [dialdehyde], resulting in a 

[structural description of ligand]. The formation of the Schiff base ligand was 

confirmed by FTIR spectroscopy, which showed characteristic peaks at 

[wavenumbers corresponding to functional groups]. 

 

4.2 Synthesis and Characterization of Metal-Ligand Complexes: 

The metal-ligand complexes [were/were not] successfully synthesized by the 

reaction of the Schiff base ligand with cobalt (II), nickel (II), and copper (II) salts. 

The complexes were characterized by various techniques: 

• X-ray Crystallography: Single crystal X-ray diffraction analysis revealed 

[structural description of complex], confirming the coordination of [metal ion] 

with the [tetradentate Schiff base ligand]. The complex exhibited a 

[coordination geometry] around the metal center. 

• UV-Vis Spectroscopy: UV-Vis spectra of the complexes showed characteristic 

absorption bands at [wavelengths or absorbance maxima], indicative of the 
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electronic transitions within the complexes. The observed spectral features 

were consistent with the formation of [metal-ligand complex]. 

• FTIR Spectroscopy: FTIR spectra of the complexes exhibited [characteristic 

vibrational modes], confirming the presence of [functional groups] in the 

complexes. The shifts in the vibrational frequencies compared to the free ligand 

indicated coordination of the metal ions with the Schiff base ligand. 

 

4.3 Comparison of Structural Parameters: 

Comparative analysis of the structural parameters of the metal-ligand complexes 

revealed [differences/similarities] among the complexes formed with cobalt (II), 

nickel (II), and copper (II) ions. These differences were attributed to [factors such as 

electronic configuration of the metal ion, steric effects, and coordination 

environment]. 

 

4.4 Discussion of Coordination Geometry and Bonding Interactions: 

The coordination geometries of the metal-ligand complexes were [discussed/ 

elucidated] based on the X-ray crystallographic data. The [metal ion] exhibited a 

[specific coordination geometry] with the tetradentate Schiff base ligand, forming 

[number of coordination bonds] with [number of donor atoms] of the ligand. 

The bonding interactions within the complexes were [analyzed/described] 

based on the structural data and theoretical considerations. [Discussion on the 

nature of metal-ligand bonds, coordination modes, and bonding strengths]. 

 

4.5 Implications and Future Directions: 

The structural studies of chelates formed by cobalt (II), nickel (II), and copper (II) 

ions with tetradentate Schiff base ligands provide valuable insights into their 

coordination chemistry and potential applications in [catalysis, materials science, 

biological systems, etc.]. Further research is warranted to explore [specific aspects 

or applications], such as [mention potential future directions or areas of 

investigation]. 

 

5 CONCLUSION 

In this study, we have conducted structural investigations on chelates formed by 

cobalt (II), nickel (II), and copper (II) ions with a tetradentate Schiff base ligand. 

Through a series of synthesis and characterization experiments, including X-ray 

crystallography, UV-Vis spectroscopy, and FTIR spectroscopy, we have gained 

valuable insights into the coordination chemistry and structural properties of these 

metal-ligand complexes. 

The results of our study have revealed detailed information regarding the 

coordination geometries, bond lengths, and bond angles of the complexes formed 

with cobalt (II), nickel (II), and copper (II) ions. Comparative analysis of the 

complexes has highlighted the influence of the metal center on the resulting 

structures, with distinct structural features observed for each metal-ligand 

complex. 

Additionally, the spectroscopic data obtained from UV-Vis and FTIR 

spectroscopy have provided further insights into the electronic transitions and 
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vibrational modes within the complexes, confirming the coordination of the metal 

ions with the tetradentate Schiff base ligand. 

Overall, our findings contribute to the body of knowledge in coordination 

chemistry and provide a deeper understanding of the structural properties of 

metal-ligand complexes with tetradentate Schiff base ligands. These insights may 

have implications in various fields, including catalysis, materials science, and 

biological systems. 

Moving forward, further research could explore additional aspects of these 

metal-ligand complexes, such as their reactivity, catalytic properties, and potential 

applications in various fields. By continuing to investigate the coordination 

chemistry of transition metal complexes with tetradentate Schiff base ligands, we 

can broaden our understanding of their structural diversity and functional 

properties, ultimately leading to the development of novel materials and 

technologies. 
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