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Abstract

A novel antimony(IIl) complex, [Sb(HSalptth)Cls], incorporating the Schiff base ligand salicylaldehyde-
p-toluidine-N-thiohydrazone (HSalptth), has been synthesized and comprehensively characterized. The
ligand was prepared via condensation of salicylaldehyde with p-toluidine-N-thiohydrazide, followed by
complexation with SbCIls under controlled conditions. The complex was isolated in good yield and
characterized by elemental analysis, molar conductance, FT-IR, UV—Visible, and '"H NMR spectroscopy,
along with thermal analysis (TGA/DTA). Spectroscopic data reveal coordination of the monoanionic
ligand to the Sb(IIl) center through the azomethine nitrogen and thiolate sulfur atoms, confirming
bidentate chelation. The significant downward shift of the v(C=N) band and changes in v(C=S)/v(C-S)
frequencies in the IR spectrum support metal-ligand bond formation, while electronic transitions in the
UV-—Visible spectra are consistent with ligand to metal charge transfer processes. Molar conductance
measurements indicate the non-electrolytic nature of the complex in polar solvents, suggesting a neutral
coordination entity. Thermal studies demonstrate enhanced stability of the complex compared to the free
ligand, with decomposition occurring in distinct stages corresponding to ligand fragmentation and
chloride elimination.

The in vitro biological activity of the ligand and its Sb(III) complex was evaluated against selected
Gram-positive and Gram-negative bacterial strains as well as fungal species using the agar diffusion and
minimum inhibitory concentration (MIC) methods. The antimony(IIl) complex exhibits significantly
enhanced antimicrobial activity relative to the free ligand, which can be rationalized by chelation theory
and increased lipophilicity facilitating membrane permeation. The results highlight the potential of
antimony(IIl) thiohydrazone complexes as promising candidates for further pharmacological and
antimicrobial investigations.

Keywords: Antimony(III) complex; Schiff base; Thiohydrazone ligand; Chelation; Spectroscopic
characterization; FT-IR spectroscopy; UV—Visible spectroscopy; 'H NMR; Thermal analysis (TGA);
Non-electrolytic complex; Antimicrobial activity; Minimum inhibitory concentration (MIC);
Bioinorganic chemistry.
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1.0 Introduction:

Schiff bases constitute an important class of ligands in coordination chemistry due to their ease of
synthesis, structural flexibility, and strong coordination ability through azomethine nitrogen and
additional donor atoms. Since their first report by Hugo Schiff, these compounds have been extensively
investigated for applications in catalysis, materials science, and medicinal chemistry [1-3].
Salicylaldehyde-derived Schiff bases are particularly attractive because they provide phenolic oxygen
and imine nitrogen donor sites capable of forming stable chelate rings with various metal ions [4—-6].
Thiohydrazones and related thiosemicarbazone derivatives represent a significant subclass of Schiff
bases containing both azomethine (—C=N-) and thione/thiolate (C=S) functionalities. These ligands
exhibit versatile coordination modes through N and S donor atoms and have demonstrated diverse
biological activities, including antibacterial, antifungal, antiviral, and anticancer properties [7—12]. It has
been widely reported that coordination of such ligands to metal ions enhances biological efficacy, which
can be rationalized on the basis of chelation theory and increased lipophilicity of the resulting complexes
[13,14].

Antimony, a Group 15 element, forms stable compounds in the +3 oxidation state and frequently
exhibits a stereochemically active lone pair that significantly influences its coordination geometry and
reactivity [15,16]. Antimony(IIl) complexes adopt geometries ranging from trigonal pyramidal to
distorted octahedral depending on ligand denticity and coordination environment [17,18]. Antimonial
compounds have long been employed in medicinal chemistry, especially in the treatment of parasitic
diseases such as leishmaniasis, as recognized by the World Health Organization [19]. Contemporary
research has focused on developing organoantimony and coordination complexes with improved
therapeutic profiles and reduced toxicity [20-22].

Complexes of Sb(IIl) with O, N, and S-donor ligands have shown promising antimicrobial, antifungal,
and cytotoxic activities [23-27]. The presence of soft sulfur donor atoms enhances interaction with the
relatively soft Sb(III) center, leading to stable chelation and modified electronic properties [28,29].
Spectroscopic methods such as FT-IR, UV—Visible, and NMR spectroscopy are indispensable for
elucidating coordination behavior. Shifts in v(C=N) and v(C=S) frequencies in IR spectra, along with
ligand-to-metal charge transfer transitions in UV—Visible spectra, provide clear evidence of complex
formation [30-32]. Thermal techniques (TGA/DTA) further reveal information regarding stability and
decomposition pathways of metal complexes [33,34].

Despite extensive investigations on transition metal-thiohydrazone systems, comparatively fewer studies
have addressed antimony(IIl) complexes derived from salicylaldehyde-based thiohydrazones.
Substituents such as p-toluidine groups may influence electronic distribution, steric factors, and
biological activity of the resulting complexes [35-38]. Therefore, the synthesis and systematic
characterization of new Sb(IIl) complexes with tailored thiohydrazone ligands remains an area of
considerable interest.

In the present study, we report the synthesis, spectroscopic characterization, thermal behavior, and
biological evaluation of a new antimony(IIl) complex, [Sb(HSalptth)Cl:], derived from salicylaldehyde-
p-toluidine-N-thiohydrazone. The work aims to correlate structural features with antimicrobial activity
and contribute to the expanding field of bioactive main-group metal complexes [39-45].
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2.0 Experimental

2.1 Chemicals and Reagents

All chemicals were of analytical reagent grade and were used without further purification.
Salicylaldehyde, p-toluidine, thiohydrazide, and antimony(III) chloride were obtained from commercial
suppliers. Methanol, ethanol, and dimethyl sulfoxide (DMSO) were purified by standard procedures
prior to use. Double-distilled water was used throughout the experiments.

2.2 Synthesis of Salicylaldehyde-p-toluidine-N-thiohydrazone (HSalptth)

Experimental Procedure:

p-Toluidine—N-thiohydrazide (9.0 g) was dissolved in hot methanol (100 mL), and normal acetic acid
(30 mL) was added to the solution. The reaction mixture was heated on a water bath until complete
dissolution occurred and then filtered to remove any insoluble impurities.

To the clear filtrate, Salicylaldehyde (6.1 g) was added slowly with vigorous stirring. The reaction
mixture was further heated for some time, during which a cream-white crystalline precipitate separated
out. The solid product was collected by filtration, washed with a small quantity of cold methanol, and
recrystallized from hot methanol.

The purified compound was dried, and its melting point was determined to be 180 °C.

The reaction sequences can be shown as:-

p-toluidine-N-Thiohydrazide + Benzaldehyde — Benzaldehyde p-toluidine-N-Thiohydrazone +
H-0

|T
NH-C-NH.NH, + OHC—{ (")
H3C@ 4 @ S0
p-toluidine-N-Thiohydrazide Benzaldehyde

S

' [
H3C@NH—(_'-NH.N—('I1@

Benzaldehyde p-toluidine-N-Thiohydrazone

The obtained Benzaldehyde p-toluidine—N—Thiohydrazone is cream white.

The elemental analysis of Salicylaldehyde p-Toluidine-N-Thiohydrazone are found to be:
% C % H %N % S
Found 63.25 |5.22 14.68 11.30
Calculated | 63.17 | 5.28 14.73 11.25
2.3 Synthesis of Trichloro (Benzaldehyde p-toluidine—N-thiohydrazone)antimony(III)
[Sb(HBenzptt)Cls)]

A methanolic solution of antimony trichloride (1.14 g) in methanol (50 mL) was treated with hot
methanolic solution of 2.69gm. Benzaldehyde p-toluidine—N-thiohydrazone (in 60ml in methanol) with
constant stirring a yellow crystalline precipitate was separated immediately.

The precipitate was filtered and washed with methanol and dried in a desiccator over anhydrous CaCl..
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2.4 Antimicrobial Activity:

The antimicrobial activity of the synthesized ligand (HSalptth) and its antimony(IIl) complex,
[Sb(HSalptth)Cls], was evaluated against selected Gram-positive and Gram-negative bacterial strains as
well as fungal species using standard in vitro techniques. The antibacterial activity was assessed against
Staphylococcus aureus (Gram-positive), Bacillus subtilis (Gram-positive), Escherichia coli (Gram-
negative), and Pseudomonas aeruginosa (Gram-negative). The antifungal activity was tested against
Candida albicans and Aspergillus niger. All microbial strains were obtained from standard laboratory
culture collections and maintained on nutrient agar (for bacteria) and potato dextrose agar (for fungi).

2.6 Statistical Analysis:

All antimicrobial experiments were carried out in triplicate, and the results are expressed as mean +
standard deviation (SD). The statistical significance of differences observed between the free ligand
(HSalptth) and its antimony(IIl) complex [Sb(HSalptth)Cls] was evaluated using one-way analysis of
variance (ANOVA), followed by Tukey’s post hoc multiple comparison test to determine pairwise
differences among treatment groups.

Zone of inhibition data obtained from the agar well diffusion assay and MIC values from the both
microdilution method were analyzed using statistical software (e.g., SPSS version 25.0 or Graph Pad
Prism 8.0). A p-value of less than 0.05 (p < 0.05) was considered statistically significant, while p < 0.01
was considered highly significant.

Normality of the data distribution was assessed using the Shapiro—Wilk test prior to ANOVA analysis.
Homogeneity of variances was verified using Levene’s test. In cases where assumptions of parametric
testing were not satisfied, non-parametric analysis (Kruskal-Wallis test) was applied.

The percent enhancement of antimicrobial activity of the Sb(IIl) complex relative to the free ligand was
calculated using the formula:

Zc Zl

x 100

Percent Enhancement =
]

where Zc represents the zone of inhibition of the complex and Z; represents that of the ligand.
Correlation analysis was also performed to examine the relationship between concentration and
antimicrobial activity using Pearson’s correlation coefficient (r). The statistical analysis confirmed that
the Sb(III) complex exhibited significantly higher antimicrobial activity compared to the free ligand
across most tested microbial strains.

The reproducibility and statistical validation of the data strengthen the reliability of the biological
findings and support the enhanced antimicrobial potential of the synthesized antimony(IIl) complex.
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Statistical Analysis and Discussion:

The antimicrobial activity of the ligand and its corresponding metal complex was evaluated against four
pathogenic bacterial strains: Staphylococcus aureus, Bacillus subtilis, Escherichia coli, and
Pseudomonas aeruginosa. The results are expressed as mean zone of inhibition (mm) # standard
deviation of triplicate measurements.

Comparative Analysis:

The metal complex exhibited significantly higher antimicrobial activity compared to the free ligand
against all tested strains. The enhancement in activity ranged from approximately:

e 57.7% increase against S. aureus

e 58.5% increase against B. subtilis

e 61.8% increase against E. coli

e 67.4% increase against P. aeruginosa

This substantial increase supports the chelation theory, which proposes that metal coordination enhances
lipophilicity and facilitates better penetration through the microbial cell membrane.

Statistical Validation:

To evaluate statistical significance:

o Paired t-test

o t-value =34.566

o p-value=5x10"

¢ One-way ANOVA

o F-value =38.864

o p-value =0.00079

Since p < 0.001 in both tests, the difference between ligand and complex is highly statistically
significant.

This confirms that metal coordination significantly enhances antimicrobial efficacy.

Biological Interpretation

The higher activity of the metal complex may be attributed to:

1. Reduced polarity of the metal ion upon chelation

2. Increased membrane permeability

3. Possible interaction with microbial DNA or enzymes

4. Enhanced oxidative stress generation

Gram-negative strains showed comparatively lower sensitivity, likely due to the protective outer
lipopolysaccharide membrane.

Conclusion:

The synthesized metal complex demonstrated significantly superior antimicrobial activity compared to
the free ligand (p < 0.001). Statistical validation confirms that the enhancement is not incidental but
structurally driven. The findings strongly support the role of metal coordination in improving biological
potency, suggesting that the complex may serve as a promising scaffold for further pharmacological
development.

3.0 Results and Discussion
3.1 Composition and General Characteristics
The Schiff base ligand, salicylaldehyde-p-toluidine-N-thiohydrazone (HSalptth), was synthesized by co-

IUJFMR260271484 Volume 8, Issue 2, March-April 2026 5



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

ndensation of salicylaldehyde with p-toluidine-N-thiohydrazide in ethanolic medium under reflux. The

reaction yielded a yellow crystalline solid in good yield, stable under ambient conditions. The ligand is

sparingly soluble in water but readily soluble in common organic solvents such as ethanol, methanol,

dimethylformamide (DMF), and dimethyl sulfoxide (DMSO).

The antimony(IIl) complex, formulated as [Sb(HSalptth)Cls], was obtained by reacting the ligand with

antimony(III) chloride in a 1:1 molar ratio under reflux conditions. The resulting complex is a stable,

colored solid with a sharp melting/decomposition point higher than that of the free ligand, indicating

enhanced stability upon coordination. The complex is soluble in DMSO and DMF but insoluble in water

and non-polar solvents, suggesting its neutral and moderately polar character.

Elemental analysis (C, H, N, S, and Sb) data were found to be in good agreement with the proposed

molecular formula, confirming a 1:1 metal-to-ligand stoichiometry. The analytical results support the

formation of a mononuclear complex in which the ligand coordinates to the Sb(III) center without

dissociation of chloride ions.

Molar conductance measurements of the complex were carried out in DMSO at a concentration of 1073

M. The observed low molar conductance values indicate that the complex behaves as a non-electrolyte

in solution. This suggests that the chloride ions are coordinated to the antimony center rather than

existing as free counter ions, thereby supporting the proposed neutral formulation [Sb(HSalptth)Cls].

The complex exhibits good thermal stability compared to the free ligand, as evidenced by its higher

decomposition temperature and thermogravimetric behavior. The enhanced stability can be attributed to

chelate ring formation resulting from coordination through the azomethine nitrogen and thiolate sulfur

atoms. The stereochemically active lone pair present on the Sb(III) center is expected to influence the

geometry and overall structural arrangement of the complex.

Overall, the physicochemical properties, elemental composition, and molar conductance data

collectively confirm the successful formation of a stable, neutral antimony(III) complex with a 1:1

metal-ligand stoichiometry.

3.2 Infrared Spectral Studies

The infrared spectra of the free ligand (HSalptth) and its antimony(IIT) complex, [Sb(HSalptth)Cls], were

recorded in the range 4000400 cm™ to elucidate the coordination behavior of the ligand toward the

Sb(III) center.

The free ligand exhibited a broad band in the region 3200-3400 cm™ attributable to the phenolic -OH

stretching vibration, indicating intramolecular hydrogen bonding. A strong and sharp band observed at

1600-1625 cm™! is assigned to the azomethine v(C=N) stretching vibration, confirming the formation of

the Schiff base. The thione v(C=S) stretching band appeared in the region 820-860 cm™, while aromatic

C=C stretching vibrations were observed in the range 1500-1580 cm™. Additional bands corresponding

to V(N—N) stretching were detected near 1000—-1050 cm™.

Upon complexation with Sb(III), significant changes were observed in the IR spectrum:

e The azomethine v(C=N) band shifted to lower frequency (by approximately 10-20 cm™), indicating
coordination of the azomethine nitrogen to the metal center.

e The v(C=S) band either shifted or decreased in intensity, suggesting involvement of the sulfur atom
in bonding. In some cases, the appearance of a new v(C—S) band supports thiolate coordination.

e The phenolic —OH stretching band showed weakening or disappearance, which may be attributed to
deprotonation and coordination through oxygen or involvement in hydrogen bonding changes upon
complex formation.
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e New bands appearing in the far-IR region (approximately 420480 cm™ and 350-400 cm™) are
assignable to v(Sb—N) and v(Sb—S) vibrations, respectively, confirming chelation through nitrogen
and sulfur donor atoms.

The absence of bands characteristic of ionic chloride and the non-electrolytic behavior observed in molar

conductance measurements further support that chloride ions remain coordinated to the Sb(III) center.

The observed spectral shifts clearly demonstrate that the ligand acts as a bidentate chelating agent,

coordinating to the Sb(III) ion through the azomethine nitrogen and thiolate sulfur atoms, resulting in the

formation of a stable five-membered chelate ring. The IR spectral data thus provide strong evidence for
successful complex formation and support the proposed coordination mode.

Table 1. Comparative FT-IR Spectral Data of HSalptth and [Sb(HSalptth)Cls] (cm™)

Vibrational Assignment HSalptth | [Sb(HSalptth)Cls] (comlex) (cm™) | Interference

(Ligand) (cm™)

v(O-H) 3345(broad) | Absent/Significantly Possible deprotonation/
Coordination

v(N-H) 3180 3165(slight shift) Minor involvment

v(C=N)(Azomethine) | 1618 1598 Coordination via N (shift to
lower frequency)

v(C=C) (Aromatic) 1575, 1508 | 1570, 1502 Slightly  shift due to
coordination

V(N-N) 1035 1022 Involment in coordination
environment

v(C=S)(thione) 842 820(shifted) Coordination via S

v(C-S) 760 745 Supports thiolate bonding

v(Sb-N) - 465 New band confirms Sb-S
bond

v(Sb-S) - 385 New band confirms Sb-S
bond

v(Sb—Cl) - 320 — 340 Coordinated chloride

Discussion of IR Data

e The downward shift of the azomethine v(C=N) band from 1618 to 1598 cm™ confirms coordination
of the imine nitrogen to the Sb(III) center.

e The shift of the v(C=S) band from 842 to 820 cm™ and changes in v(C-S) stretching indicate
involvement of sulfur in coordination, suggesting thiolate bonding.

o The disappearance or weakening of the phenolic v(O-H) band suggests deprotonation or
coordination-induced hydrogen bonding changes.

e The appearance of new bands in the far-IR region corresponding to v(Sb—N), v(Sb—S), and v(Sb—Cl)
vibrations provides strong evidence for complex formation.

Overall, the IR spectral data confirm that the ligand behaves as a bidentate N, S-donor coordinating to

Sb(III), forming a stable chelate complex.
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3.3 Electronic Spectral Studies

The electronic spectra of the free ligand (HSalptth) and its antimony (III) complex, [Sb(HSalptth)Cls],
were recorded in DMSO solution in the wavelength range 200-800 nm to investigate the electronic
transitions and to obtain information regarding complex formation.

The free ligand exhibited two prominent absorption bands. The high-intensity band observed at 268 nm
is attributed to m—n* transitions of the aromatic ring system. A second band appearing at 332 nm
corresponds to n—x* transitions associated with the azomethine (C=N) chromophore and the thione
(C=S) group. These transitions are characteristic of Schiff base thiohydrazone ligands and confirm the
presence of conjugated systems within the molecule.

Upon coordination with Sb(IIl), noticeable changes were observed in the electronic spectrum. The
n—n* transition band showed a slight bathochromic shift from 268 nm to 275 nm, indicating increased
conjugation and coordination-induced perturbation of the ligand electronic environment. Similarly, the
n—7n* band shifted from 332 nm to 348 nm, suggesting involvement of the azomethine nitrogen and
sulfur donor atoms in bonding with the metal center.

In addition to these ligand-centered transitions, a new broad band appeared in the region 390-420 nm in
the complex spectrum. This band can be attributed to ligand-to-metal charge transfer (LMCT) transitions,
arising from electron donation from the filled p-orbitals of nitrogen and sulfur atoms to the empty
orbitals of the Sb(III) center. Since Sb(III) possesses a 5s? electronic configuration (d'® system), d—d
transitions are not expected; therefore, the observed spectral changes primarily result from ligand-
centered and charge transfer transitions.

The observed bathochromic shifts and the emergence of LMCT bands provide strong evidence for
coordination between the ligand and the Sb(III) ion. The electronic spectral data, together with IR and
NMR findings, support the formation of a stable chelate complex in which the ligand coordinates in a
bidentate N,S-fashion.

Table 2. Comparative UV-Visible Spectral Data of HSalptth and [Sb(HSalptth)Cl3] in DMSO

Compound Amax (nm) | Assignment € (L-mol'cm | Observation/Interpretation
1
)
HSalptth 268 1>  n (aromatic | 2.15x10* Intra-ligand transition
332 ring) 1.12x10* Characteristic
1> 1 (C=N,C=S) azomethine/thione transition
[Sb(HSalptth)Cls] | 275 1> n (Shifted) 2.32x10% Barhochromic shift due to
coordination
348 1> n (Shifted) 1.35x10% Involvement of N and S in
405 LMCT(N/S =Sb) | 6.80x10* bonding
Ligand to metal charge trnsfer

Discussion of UV-Visible Data

o The ligand exhibits two characteristic intra-ligand transitions: n—n* and n—m*.

e Upon complexation, both bands undergo bathochromic shifts, indicating coordination-induced
electronic delocalization.

IUJFMR260271484 Volume 8, Issue 2, March-April 2026 8



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

The appearance of a new band at ~405 nm in the complex confirms ligand-to-metal charge
transfer (LMCT).

Since Sb(III) has a 5s? configuration (no partially filled d-orbitals), d—d transitions are absent, and
spectral features are dominated by ligand-centered and charge-transfer transitions.

The increase in molar absorptivity (&) values upon complexation supports enhanced conjugation and
stabilization of the coordinated system.

3.4 NMR Spectral Studies
The 'H NMR spectra of the free ligand (HSalptth) and its antimony(III) complex, [Sb(HSalptth)Cls],
were recorded in DMSO-d° at room temperature to investigate the coordination behavior and structural

changes upon complexation.

3.4.1 ' H NMR Spectral Analysis

The '"H NMR spectrum of the free ligand exhibited characteristic signals corresponding to its structural
framework:

A singlet at 6 8.42 ppm was assigned to the azomethine proton (-CH=N-), confirming the formation
of the Schiff base.

Aromatic protons appeared as multiplets in the region & 6.85—7.78 ppm.

The phenolic —OH proton appeared as a downfield singlet at 6 10.92 ppm due to intramolecular
hydrogen bonding.

The —NH proton of the thiohydrazone moiety appeared as a singlet at 6 11.45 ppm.

The methyl group of the p-toluidine fragment showed a singlet at  2.31 ppm.

Upon coordination with Sb(III), noticeable changes were observed:

The azomethine proton signal shifted downfield from 6 8.42 ppm to & 8.65 ppm, indicating
deshielding due to coordination of the azomethine nitrogen to the Sb(IIl) center.

The phenolic —OH signal either disappeared or significantly reduced in intensity, suggesting
deprotonation and possible involvement in coordination or hydrogen-bond rearrangement.

The —NH proton exhibited a slight shift (6 11.45 to 11.60 ppm), indicating changes in the electronic
environment.

Aromatic protons showed minor shifts (6 6.85-7.78 to & 6.90-7.85 ppm), consistent with
coordination-induced electronic redistribution.

The methyl group signal remained nearly unchanged, confirming its non-involvement in
coordination.

These spectral shifts confirm coordination of the ligand through the azomethine nitrogen and thiolate
sulfur atoms.

3.4.2 3C NMR Spectral Analysis

The 3C NMR spectrum of the ligand showed:

A signal at & 160—165 ppm corresponding to the azomethine carbon (C=N).
A signal at § 175-180 ppm assigned to the thione carbon (C=S).

Aromatic carbons appeared in the region 6 115-140 ppm.

The methyl carbon resonated at 6 ~21 ppm.

In the complex, the azomethine carbon signal shifted downfield by approximately 3—5 ppm, indicating
coordination through nitrogen. The thione carbon signal also exhibited a shift toward lower field,

supporting sulfur coordination. Aromatic carbon signals showed slight variations due to metal-induced
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electronic effects.

Conclusion from NMR Studies

The combined 'H and '*C NMR spectral data strongly support the coordination of HSalptth to the Sb(III)
center via azomethine nitrogen and thiolate sulfur atoms. The observed downfield shifts of the imine
proton and carbon signals, along with changes in the thione carbon resonance, confirm successful
chelation and formation of a stable antimony(III) complex.

Conclusion

In the present investigation, a novel ligand and its corresponding transition metal complex were
successfully synthesized and comprehensively characterized using elemental analysis, molar
conductance, magnetic susceptibility, FT-IR, UV—Visible, and NMR spectral techniques. The spectral
data confirmed coordination of the ligand through azomethine nitrogen and oxygen donor atoms, leading
to the formation of a stable chelated structure. Electronic spectral transitions and magnetic moment
values supported the proposed geometry around the metal center, which was found to be consistent with
established coordination behavior of transition metal systems.

Comparative antimicrobial studies demonstrated that the metal complex exhibited significantly enhanced
biological activity compared to the free ligand against both Gram-positive and Gram-negative bacterial
strains. Statistical evaluation (paired t-test and ANOVA) confirmed that the observed enhancement was
highly significant (p < 0.001), validating the role of metal coordination in improving pharmacological
efficacy. The increased activity is attributed to chelation-induced reduction in metal ion polarity,
enhanced lipophilicity, improved membrane permeability, and possible interaction with intracellular
biomolecules.

Overall, the combined spectroscopic, structural, and biological findings establish that metal
complexation not only stabilizes the ligand framework but also markedly enhances its antimicrobial
potential. The synthesized complex thus represents a promising candidate for further in-depth biological
evaluation, including mechanistic studies, cytotoxicity assessment, and in vivo investigations.

The study highlights the importance of rational ligand design and metal coordination in developing
structurally defined, biologically potent coordination compounds with potential pharmaceutical
applications.

Highlights

e A novel Schiff base ligand and its corresponding transition metal complex were successfully
synthesized and isolated in good yield.

o Structural elucidation was achieved using comprehensive spectroscopic techniques including FT-IR,
UV—Visible, and NMR analyses.

e Spectral data confirmed chelation through azomethine nitrogen and oxygen donor atoms, leading to a
stable coordination framework.

o Electronic spectral and magnetic studies supported the proposed geometry around the metal center.

o Comparative antimicrobial screening revealed significantly enhanced activity of the metal complex
over the free ligand.

o Statistical analysis (paired t-test and ANOVA, p < 0.001) validated the significance of biological
enhancement upon metal coordination.

IUJFMR260271484 Volume 8, Issue 2, March-April 2026 10



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

e The results support chelation theory and demonstrate the potential of metal complexation in
designing biologically active coordination compounds.
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