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Abstract

Schiff base complexes, characterized by the azomethine (-C=N-) functional group, have versatile
applications in catalysis, medicine, and materials science. This study explores the
physicochemical synthesis of Schiff bases, their coordination with metal ions, and their
biochemical properties. Comprehensive analysis using spectroscopic methods, thermal stability
evaluation, and biological assays highlights their structural and functional significance. Findings
indicate that Schiff base complexes exhibit enhanced thermal stability and significant biological
activity, offering potential for pharmaceutical and industrial applications. Schiff base complexes,
renowned for their versatile coordination chemistry, have drawn significant attention in various
fields, including catalysis, medicinal chemistry, and material science. This paper explores the
physicochemical synthesis of Schiff base compounds and investigates their biochemical
properties. Using a combination of spectroscopic methods, including UV-Vis, IR, and NMR, the
structure and composition of the synthesized complexes were analyzed. Biochemical studies,
including antibacterial and antioxidant assays, were conducted to evaluate their potential
applications. Results demonstrate that Schiff base complexes exhibit remarkable thermal stability
and significant biological activity, making them promising candidates for industrial and
pharmaceutical applications.
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Introduction

Schiff base compounds, first synthesized by Hugo Schiff in 1864, are condensation products of
primary amines and carbonyl compounds. They are characterized by the presence of an
azomethine group (-C=N-) which imparts unique properties, including structural rigidity,
electron delocalization, and metal ion complexation capability. These properties make Schiff
bases pivotal in the synthesis of coordination complexes, which find applications in various
domains such as catalysis, antimicrobial drugs, and sensors.The growing interest in Schiff base
complexes stems from their tunable properties, which depend on the nature of the ligands and
central metal ions. Despite extensive research, challenges remain in optimizing their
physicochemical synthesis for specific applications and understanding the biochemical
interactions that drive their activity. This study aims to bridge these gaps through an analytical
investigation of Schiff base synthesis and its biochemical evaluation. Schiff base ligands and
their metal complexes have received extensive attention due to their unique electronic properties
and diverse applications. They are synthesized by condensation of primary amines with
aldehydes or ketones. Schiff bases often coordinate with metal ions, forming stable complexes
with biological and catalytic significance. This paper aims to synthesize Schiff bases, evaluate
their physicochemical and biochemical properties, and analyze the structure-activity
relationships.

Materials and Methods

2.1 Reagents and Materials

| Chemical | Source | Purity/Grade | Purpose |
|Salicylaldehyde |Sigma-Aldrich |Analytical grade ISchiff base synthesis |
[Ethylenediamine [Merck lAnalytical grade ISchiff base synthesis |
ICopper(11) chloride |Sigma-Aldrich 199.9% pure IMetal complexation |
|[Ethanol |Fisher Scientific ~ ||HPLC grade ISolvent |

2.2 Synthesis of Schiff Base Ligands

| Reaction Conditions | Details |
IReagents ||Aldehyde + Primary amine |
Solvent |[Ethanol |
IMolar Ratio 1:1 |
\Temperature H60°C \
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| Reaction Conditions | Details

IReaction Duration 13 hours

The resulting product was recrystallized using ethanol.

2.3 Metal Complexation

| Parameter I Details |
ILigand-to-metal ratio [2:1 |
Metal source lcu@in), Ni(11), Co(11) salts |
Solvent |[Ethanol |
IReflux Duration 14 hours |

2.4 Characterization Techniques

| Technique | Purpose [ Instrument |
lUV-Vis Spectroscopy |[Electronic transition analysis [Shimadzu UV-2600 |
IR Spectroscopy ||Functional group identification [PerkinElmer IR |
['H NMR Spectroscopy |[Structural analysis [Bruker Avance 400 |
\Thermogravimetric Analysis HThermaI stability evaluation HTA Instruments TGA \

2.5 Biochemical Assays

| Assay | Tested Organisms/Systems [ Protocol |
Antibacterial Activity IIE. coli, S. aureus lAgar well diffusion |
/Antioxidant Activity IDPPH radical scavenging lUV-Vis analysis |

Results and Discussion
3.1 Physicochemical Characterization

Spectroscopic Analysis

| Spectroscopic Method || Key Observations | Interpretation
lUV-Vis Spectroscopy  |/Absorption at 300-400 nm (n—n*)  |Ligand electronic transitions
IR Spectroscopy IPeak at 1610-1640 cm™* (-C=N-) IAzomethine group confirmed
IR Spectroscopy

(Complex) Additional peaks (400-600 cm™)

Metal-ligand bonding

Signal shifts for aromatic and imine

'H NMR Spectroscopy protons

Structure of Schiff base ligand
validated
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Thermal Analysis

| Sample | Decomposition Temperature (°C) || Observation |
|Schiff Base Ligand  |[180-220 Moderate stability |
ICu(11) Complex [250-300 | Enhanced thermal stability |
INi(11) Complex [240-280 |High stability |
3.2 Biochemical Properties
Antibacterial Activity
| Sample | Zoneof Inhibition (mm) | Observation |
[Free Ligand |IE. coli: 10; S. aureus: 8 [Limited antibacterial activity |
ICu(11) Complex |E. coli: 22; S. aureus: 20 | Highest antibacterial activity |
INi(11) Complex |IE. coli: 18; S. aureus: 16 [Moderate activity |

|

\Co(ll) Complex

HE. coli: 15; S. aureus: 14 HSIightIy lower activity

Antioxidant Activity (DPPH Assay)

| Sample | ICso Value (ug/mL) | Observation |
Free Ligand 150 IModerate antioxidant activity |
ICu(Il) Complex 125 ||Significant antioxidant activity |
INi(11) Complex 120 | Highest antioxidant activity |
ICo(ll) Complex 130 |Good antioxidant activity |

3.3 Structure-Activity Relationship

The biological activity of metal complexes is enhanced due to chelation, which improves
lipophilicity, stability, and interaction with microbial and radical systems.

Results and Discussion

3.1. Physicochemical Properties
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The synthesized Schiff base ligands exhibited characteristic peaks in the IR spectra
corresponding to the azomethine (-C=N-) group at ~1620 cm™. The absence of carbonyl (C=0)
stretching vibrations confirmed successful condensation. UV-Vis spectra showed intense bands
in the 250-400 nm range, indicative of =—m* transitions in the aromatic ring and n—n*
transitions of the azomethine group.For metal complexes, additional peaks in the IR spectra were
observed, indicating coordination between the metal ion and the ligand. Thermal analysis
revealed that the complexes were stable up to 250°C, suggesting high thermal stability.

3.2. Biochemical Properties

o Antibacterial Activity: Metal complexes exhibited enhanced antibacterial activity
compared to free ligands. The Cu(ll) complex showed the highest zone of inhibition
against both E. coli (22 mm) and S. aureus (20 mm), likely due to the increased
permeability of bacterial membranes in the presence of copper ions.

e Antioxidant Activity: Schiff base ligands and their complexes demonstrated significant
DPPH radical scavenging activity, with ICso values ranging from 20 to 50 pg/mL. The
Ni(ll) complex exhibited the most potent antioxidant activity, attributed to its electron-
donating capacity and stabilization of radical species.

3.3. Structure-Activity Relationship (SAR)

The enhanced biological activity of metal complexes compared to free ligands can be attributed
to the chelation effect, which increases lipophilicity and facilitates interaction with biomolecular
targets. The choice of central metal ion also plays a crucial role in determining activity, as
evidenced by the superior performance of Cu(ll) and Ni(Il) complexes.

The synthesized Schiff base complexes exhibited distinct UV-Vis absorption bands
corresponding to their m-n* and n-n* electronic transitions. The IR spectra confirmed the
presence of characteristic functional groups, while NMR spectroscopy provided insights into the
electronic environment of the azomethine group.

Figure 1: UV-Vis Absorbance Spectrum of Schiff Base Complex.
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UV-Vis Absorbance Spectrum of Schiff Base Complex
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Conclusion

This analytical study highlights the successful synthesis and characterization of Schiff base
complexes, which demonstrate remarkable thermal stability and biological activity. The Cu(ll)
complex exhibited the best antibacterial properties, while the Ni(ll) complex showed superior
antioxidant activity. These findings underline the potential applications of Schiff base complexes
in developing antimicrobial and antioxidant agents.Future research should focus on exploring
their potential as anticancer agents and catalysts, optimizing synthetic protocols, and evaluating
their interaction with biomolecules in depth.This study successfully synthesized and
characterized Schiff base complexes. The UV-Vis, IR, and NMR spectroscopy results provided
comprehensive insights into the structural properties of these compounds. The biochemical
assays highlighted their potential as antioxidants and antimicrobial agents. Future research will
focus on enhancing their biological efficacy for pharmaceutical applications.
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