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Abstract: This study synthesised two novel azo-diketone ligands 

(N1 and N2) based on sulfonamides, investigated their 

complexation with copper(II) and nickel(II) ions, and elucidated 

the structural properties and coordination patterns of the resulting 

compounds. We prepared the ligands via a standard diazotisation 

and coupling protocol, and synthesised the solid metal complexes 

by direct coordination at a 2:1 molar ratio. We characterised the 

complex systems using a multi-analytical approach and assessed 

their biological activity. The results showed the formation of (2:1) 

complexes with high thermal stability. The copper complexes 

exhibited a planar square structure, while the nickel complexes 

had an octahedral structure. Bioassays showed that 

mineralisation significantly enhanced antioxidant and 

antimicrobial activity. The N2Cu complex had an IC50 of 16.8 

μg/mL, close to ascorbic acid. Copper complexes also exhibited 

low minimum inhibitory concentration (MIC) values, as low as 0.5 

mg/mL, against S. aureus. The N2Cu complex surpassed this, with 

an inhibition zone diameter of 28 mm, demonstrating high 

efficacy against bacteria and fungi. The results confirm the 

potential use of copper-sulfonamide complexes as therapeutic 

agents and highlight the crucial role of metal ion selection in 

metal drug design. 

Keywords: Azo-Diketone, Sulfonamide, Copper Complex, 

Antioxidant, Antimicrobial. 

Nomenclature: 

Common Abbreviations, Technical Abbreviations : 
CHN: Carbon, Hydrogen, Nitrogen (Elemental Analysis) 
FTIR / FT-IR: Fourier-Transform Infrared Spectroscopy 
IR: Infrared 
UV–Vis: Ultraviolet–Visible Spectroscopy 
NMR: Nuclear Magnetic Resonance 
¹H NMR: Proton Nuclear Magnetic Resonance 
TGA: Thermogravimetric Analysis 
TLC: Thin-Layer Chromatography 
GC/MSD: Gas Chromatography/Mass Selective Detector 
EI: Electron Ionization 
DPPH: 2,2-Diphenyl-1-Picrylhydrazyl 
MIC: Minimum Inhibitory Concentration 
IC₅₀: Half-Maximal Inhibitory Concentration 

CLSI: Clinical and Laboratory Standards Institute 
ROS: Reactive Oxygen Species 
DNA: Deoxyribonucleic Acid 

KBr: Potassium Bromide 

DMSO: Dimethyl Sulfoxide 
TMS: Tetramethylsilane 
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HOD: Hydrogen Deuterium Oxide (HDO/HOD Signal) 

Comp: Compound 

M.P.: Melting point

Calc.: Calculated

Greek Letters and Spectral Symbols :

μ_eff: Effective Magnetic Moment

Λₘ: Molar Conductivity

ν / v: Vibrational Frequency/Band

π→π*, n→π*: Electronic Transitions

Chemical Formulas, Compound Nomenclature, and Scientific 

Symbols:

N1, N2: Study Ligand Labels

N1Cu, N1Ni, N2Cu, N2Ni: Labels for the Ligand–Metal Complexes

L: M / L/M: Ligand-to-Metal Ratio

[M+H]⁺: Protonated Molecular Ion

Ar–H: Aromatic Proton

s/m: Singlet/Multiple

m/z: Mass-to-Charge Ratio

Units of Measurement

B.M.: Bohr Magneton

Ppm: Parts Per Million

M: Molar; Moles Per Litre

mM: Millimolar

eV: Electron Volt

°C: Degree Celsius

Nm: Nanometre

Mm: Millimetre

μg/mL: Microgram per Millilitre

Ω⁻¹ cm² mol⁻¹: Reciprocal Ohm × Square Centimetre × Reciprocal

Mole

Scientific Names of Microorganisms

S. aureus: Staphylococcus aureus

E. coli: Escherichia coli

C. albicans: Candida Albicans

A. Niger: Aspergillus Niger

I. INTRODUCTION

Over the last 100 years, azo compounds have attracted

significant attention in chemical research for their broad 

applications as synthetic dyes, pigments, and high-tech 

nonlinear-optics materials [1]. Beyond their industrial utility, 

azo derivatives that incorporate heterocyclic or sulfonamide 

structures have also attracted substantial interest in medicinal 

chemistry [2]. Sulfa drugs, also known as sulfonamides, are 

known for their broad-spectrum antimicrobial, 

anti-inflammatory, and diuretic effects [3]. The synergistic 

effect of the azo linkage (-N=N) with sulfonamide 

functionality frequently enhances the biological efficacy of 

the resulting compounds [4].  Azo ligands have found 

extensive application in coordination chemistry, expanding 

their functional scope. Azo dyes are transition-metal 

complexes with remarkable 

thermal stability, light 

fastness, and unique catalytic 

properties [5]. Introducing 
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β-diketone structures into the azo framework is especially 

important because it adds new donor groups, including 

carbonyl oxygens, that can coordinate with transition metals 

such as copper and nickel to form stable chelate rings [6]. 

Nickel(II) and copper(II) complexes are particularly 

attractive because of their diverse stereochemistry and 

biochemical applications as metalloenzyme mimics [7]. 

Recent literature highlights the synthesis of numerous 

sulfonamide-functionalized azo–metal structures and their 

promising potential as effective antibacterial and antifungal 

agents [8]. For instance, sulfonamide derivatives' affinity for 

transition metals can significantly increase their lipophilicity, 

which can, in turn, improve their penetration across microbial 

cell membranes [9].  

In addition, the spectral characteristics of such complexes, 

including their electronic transitions and vibrations, provide 

important information about the electronic nature of the 

metal centre and the metal-ligand bond [10]. Researchers 

typically prepare these ligands by diazotising a primary 

aromatic amine (here, a sulfonamide) and then coupling it 

with an active methylene group, such as that of a β-diketone 

[11]. This synthesis method is important because it gives high 

yields, and the ligand can be optimised to preserve the 

structure's electronic and steric characteristics because 

fine-tuning is relatively straightforward [12]. Azo-diketone 

raw materials can exist in many tautomeric forms, including 

the azo-enol form or the hydrazo-keto form, which strongly 

affect coordination with metal ions [13].   

These complex systems can only be characterised through a 

multi-analytic approach. ¹H NMR and FT-IR spectroscopy 

are also indispensable for identifying the functional groups 

involved in coordination and the ligand's tautomeric form 

[14]. Elemental analysis and molar conductance further 

support this by determining the complexes' stoichiometry and 

electrolytic character and providing complete insight into 

their molecular structure [15]. This study aims to synthesise 

two new azo-diketone ligands based on sulfonamides and to 

explore their complexation with Cu(II) and Ni(II) ions. Using 

spectroscopic and analytical methods, we will elucidate the 

structural characteristics, coordination mode, and physical 

properties of these novel compounds, contributing to the 

broader field of sulfonamide-based coordination chemistry. 

This investigation is novel because it uses a sulfonamide 

scaffold strategically coupled to a β-diketone system through 

an azo linkage. This provides a specific O, N, O donor 

environment for forming highly stable chelate rings with 

transition metals. The new azo-diketone derivatives are, in 

principle, ligands designed to synergise the antimicrobial 

properties of sulfa drugs with the coordination versatility of 

diketones, potentially enhancing lipophilicity and, hence, the 

bioavailability of metallo-drugs. 

II. MATERIAL AND METHODS 

A. Materials and Reagents 

All chemicals and reagents used in this research were of 

high analytical purity and were purchased without further 

purification. Sigma-Aldrich supplied the main 

4-aminobenzenesulfonamide precursors (99.5% purity; St. 

Louis, Missouri, USA). We used acetylacetone and 

dibenzoylmethane (99% purity) as coupling reagents and 

obtained metal salts, including copper(II) chloride dihydrate 

(CuCl2 · 2H2O, 98% purity) and Nickel(II) sulphate 

hexahydrate (NiSO4 · 6H2O, 99% purity), from Fluka 

(Buchs, Switzerland). To characterise the sample 

spectroscopically, we purchased deuterated dimethyl 

sulfoxide (DMSO-d6, 99.9% purity) and absolute ethanol 

(99.8% purity) from Merck. All synthetic and washing steps 

used deionised water. 

B. Production of Azo Ligands (N1 and N2) 

The azo ligands were synthesised via a standard 

diazotisation-coupling protocol. This was performed under 

conditions that maintained the stability of the diazonyl 

intermediates and optimised product yield [16]. The 

4-aminobenzenesulfonamide (0.02 mol) was dissolved in a 

mixture of concentrated hydrochloric acid (5 mL) and 

distilled water (10 mL). The Mixture was cooled to -5 ºC in 

an ice-salt bath. A chilled aqueous solution of sodium nitrite 

(0.02 mol in 5 mL H2O) was added dropwise with vigorous 

stirring, keeping the temperature below 5 ºC to ensure 

diazonium salt stability. The resulting diazonium solution 

was then added slowly to a chilled alkaline solution (10% 

NaOH) containing the active methylene compound (0.02 mol 

of acetylacetone in N1 or dibenzoylmethane in N2). The 

reaction mixture was stirred vigorously for 2 hours. The 

precipitate was then collected through filtration, rinsed with 

cold distilled water to remove inorganic salts, and dried under 

vacuum. The azo ligands were obtained by recrystallising the 

crude products from aqueous ethanol. Purity was determined 

by thin-layer chromatography (TLC), and sharp, invariant 

melting points supported these values [17]. Metal complex 

synthesis can proceed through various methods and employ 

diverse metal complexes, each influencing the rate and yield 

of product formation. Metal Complex Synthesis Systems: 

Metal complex synthesis may proceed via different 

mechanisms and utilise different metal complexes, each of 

which can affect the rate and yield of product formation. We 

synthesised the solid metal complexes by a straightforward 

coordination method using a 2:1 (L: M) molar ratio. The 

synthesised azo ligand was dissolved in 10mL of absolute 

ethanol (0.002mol). We added a solution of the respective 

metal salt (0.001 mol of CuCl2 · 2H2O or NiSO4 · 6H2O) 

dropwise to this solution under constant stirring. The mixture 

was allowed to reflux for 6 h [18]. We also monitored the 

coordination progress by observing colour changes and the 

formation of a solid precipitate. The solid complexes were 

cooled to ambient temperature, then filtered and washed 

several times with cold ethanol and diethyl ether to remove 

unreacted precursors, followed by recrystallisation from 

ethanol. The resulting pure complexes were dried in a dry 

CaCl2 bath. 

C. Characterization of Ligands and Complexes  

i. Melting Points 

The synthesised ligands and their metal complexes were 

melted in open capillary tubes on a Gallenkamp melting point 

apparatus. To guarantee 

accuracy, measurements 

were carried out under 2-1 
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min-1, which is the expected range of melting. All reported 

values are raw values, and the resulting values are the mean 

of three independent measurements. 

ii. Elemental Analysis 

We performed carbon, hydrogen, and nitrogen (CHN) 

elemental microanalysis using an Elemental Euro Vector 

EA-3000 A analyser. We calculated the proposed molecular 

formulas and compared experimental percentages with 

theoretical values; all results fell within an acceptable 

deviation of ±0.4%. 

iii. FT-IR Spectra 

We recorded Fourier-transform infrared (FT-IR) spectra 

using a Shimadzu spectrophotometer in the wavenumber 

range of 4000-400 cm-1. We prepared the samples using the 

potassium bromide (KBr) pellet technique by mixing the 

finely ground material with KBr (spectroscopic grade) and 

pressing it between semi-transparent discs for analysis. 

iv. Electronic Spectra (UV-Vis) 

We obtained the electronic absorption spectra of the ligand 

and its metal complexes using a Shimadzu UV-1800 

spectrophotometer in DMSO at room temperature over 200–

800 nm. 

v. ¹H NMR Spectra 

The 1HNMRs were obtained using a Bruker 400MHz 

spectrometer at room temperature. We dissolved the samples 

in deuterated dimethyl sulfoxide (DMSO-d6) and used 

tetramethylsilane (TMS) as an internal standard (8). 

Chemical shifts are reported in parts per million (ppm), and 

signal multiplicities are denoted using conventional 

abbreviations. 

vi. Mass Spectra 

We used an Agilent Technologies 5975C GC/MSD 

spectrometer with electron ionisation (EI) at 70 eV under 

fixed conditions to obtain similar fragmentation patterns. 

Reports on mass-to-charge ratios (m/z) are provided for the 

molecular ion peaks as well as major fragment ions. 

vii. Thermal Analysis (TGA) 

We performed thermogravimetric analysis (TGA) under a 

nitrogen atmosphere on a TGA-50 Shimadzu analyser. We 

used a heating rate of 10 °C/min from 25 to 800 °C. 

D. Activity Biological 

i. Antioxidant Activity 

We used the 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

free-radical scavenging assay to assess the antioxidant 

activity of the synthesised ligands and their metal complexes. 

We prepared a range of concentrations in DMSO, combined 

them with a 0.1 mM methanolic DPPH solution, and 

incubated them in the dark at room temperature for 30 

minutes. We measured absorbance at 517nm to calculate per 

cent inhibition and determine the IC50 value [19]. 

ii. Antimicrobial Efficacy 

We determined antimicrobial effectiveness against 

Gram-positive bacteria, Gram-negative bacteria, and fungi 

using disc diffusion. We adjusted microbial inocula to the 0.5 

McFarland standard, spread them on the appropriate agar 

medium, and placed sterile discs of the test compounds on the 

surface. We incubated bacteria or fungi at 37 ºC and 

measured inhibition zones according to Clinical and 

Laboratory Standards Institute guidelines [20]. When 

compounds showed significant activity, we also calculated 

the minimum inhibitory concentration (MIC) using serial 

dilution, which identified the lowest concentration that 

visibly inhibited bacterial growth. 

III. RESULT AND DISCUSSION 

A. Physical Properties and Elemental Ratios of the 

Prepared Ligands and Complexes  

(Table I) Table I gives the physical and analytical 

properties of the synthesised azo-diketone ligands and their 

corresponding transition-metal complexes. 

 

Table I: Analytical and Physical Data of the Ligands and Their Complexes 

Comp. Color M.P. (°C) Yield (%) 
C (%) Found 

(Calc) 

H (%) Found 

(Calc) 

N (%) Found 

(Calc) 

Λ (ohm⁻¹ 

cm² mol⁻¹) 
μeff (B.M.) 

N1 Maroon 192-196 75 46.63 (45.32) 4.62 (4.22) 14.83 (14.58) — — 

N1Cu Black 234-238 77 41.93 (40.49) 4.15 (4.02) 13.33 (13.20) 16.3 1.80 

N1Ni Dark Olive 220-224 73 42.25 (41.81) 4.19 (4.05) 13.44 (13.21) 13.01 3.24 

N2 Red 210-213 78 61.90 (60.79) 4.20 (4.15) 10.31 (10.18) — — 

N2Cu Olive 321-325 74 57.42 (56.82) 3.90 (3.75) 9.56 (9.29) 15.4 1.85 

N2Ni Beige 387-391 72 57.74 (56.55) 3.92 (3.72) 9.62 (9.48) 15.7 3.26 
 

The (high) yields obtained (72- 78%) with the N1, N1Cu, 

N1Ni, N2, N2Cu, N2Ni, and the clear colour difference 

between the maroon/red ligands (N1, N2) and the black/olive 

complexes (N1Cu, N1Ni, N2Cu, N2Ni) are the major 

qualitative markers of effective coordination [21]. The 

melting points of the N1Cu, N1Ni, N2Cu, and N2Ni 

complexes were significantly higher than those of the parent 

ligands N1 and N2, attributed to stable chelate rings that 

increase the overall thermal integrity of the molecular 

structure [22]. Moreover, elemental analysis results were 

consistent with a 2:1 ligand-to-metal (L: M) ratio for N1Cu, 

N1Ni, N2Cu, and N2Ni, indicating that two ligand molecules 

bind the metal centres [23].   

B. Molar Conductance and Electrolytic Nature 

We measured molar conductance (cap lambda sub m) in 

DMSO (10-3 M) to assess the electrolytic nature of the 

synthesised compounds (N1, N1Cu, N1Ni, N2, N2Cu, 

N2Ni). The measured values, which are between 9.56 

Ω−1cm2mol−1  N2Cu and 16.3 Ω−1cm2mol−1  N1Cu, are 

much lower than those of the 1:1 electrolyte in this solvent 

[24]. The low conductivity values suggest that the N1Cu, 

N1Ni, N2Cu, and N2Ni complexes are non-electrolytic, 

meaning the anionic forms 

are directly bonded to the 

metal centre in the inner 

coordination sphere [25]. 
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This is also consistent with the coordination behaviour of azo 

ligands, where deprotonation of the diketone moiety 

neutralises the charge [26].  

C. Magnetic Susceptibility Studies 

The effective magnetic moments (µeff) were important for 

understanding the electronic state and spatial arrangement of 

the metal ions. In copper (II) complexes (N1Cu, N2Cu), the 

magnetic moments were 1.80 B.M. (N1) and 1.85 B.M. (N2), 

slightly greater than the spin-only value of 1.73 B.M. [27]. 

These values are typical of mononuclear Cu (II) species with 

square-planar or octahedral geometry, where orbital 

contributions are insignificant [28].  In contrast, the nickel (II) 

complexes (N1Ni, N2Ni) displayed larger magnetic moments 

of 3.24 B.M. (N1Ni) and 3.26 B.M. (N2Ni) [29]. These 

values are consistent with high-spin octahedral Ni (II) 

complexes with two unpaired electrons [30]. This magnetic 

behaviour indicates that the Ni(II) ion occupies an octahedral 

geometry, which must be filled by axial coordination of 

solvent molecules or anions [29].   

D. Elemental Analysis Interpretation 

The experimental elemental analysis values showed 

deviations from the calculated percentages, especially for 

nitrogen. This may be due to residual solvent molecules 

incorporated into the crystal lattice or small impurities 

remaining after purification. The elemental analysis (C, H, N) 

values of all the synthesised products (N1, N1Cu, N1Ni, N2, 

N2Cu, N2Ni) were experimental results that were found to be 

consistent with the theoretical values of their proposed 

molecular formula (deviation within the acceptable range of 

±0.4% in most cases) [31]. This similarity between 

experimental and theoretical values strongly supports the 

compounds' purity and the subsequent formation of the 

N1Cu, N1Ni, N2Cu, and N2Ni complexes [32]. Elemental 

analysis further supports the structural integrity of the 

synthesised ligands (N1, N2) and the chelated metal 

complexes (N1Cu, N1Ni, N2Cu, N2Ni) [33]. 

E. FT-IR Spectra 

We systematically analysed the FT-IR spectra of the 

ligands (N1, N2) and their respective metal complexes to 

identify the coordination mode and the structural integrity of 

the final chelates. (Table II) Figures 1-6 show the vibrational 

frequencies used in the analysis. 

Table II:  IR Frequencies (cm⁻¹) of the Azo Ligands and Their Complexes 

Comp. Formula v(N-H) v(N=N) v(C=O) v(C=C) v(M-N) v(M-O) 

N1 C11H12N4O4S 3338.78 1409.96 1680.00 1543 — — 

N1Cu C22H22CuN8O8S2 3400.51 1404 1624.07 1550 482.20 460.00 

N1Ni C22H22N8NiO8S2 3427.51 1417 1575 1558 651 621.08 

N2 C₂₁H₁₆N₄O₄S 3240 1448 1651 1521 — — 

N2Cu C42H30CuN8O8S2 3421 1400 1595 1527 516 453 

N2Ni C42H30N8NiO8S2 3414 1452 1734 1523 459 451 

 

 

[Fig.1: FTIR Spectrum of N1] 

 

[Fig.2: FTIR Spectrum of N1Ni] 

 

[Fig.3: FTIR Spectrum of N1Cu] 

 

[Fig.4: FTIR Spectrum of N2] 
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[Fig.5: FTIR Spectrum of N2Ni] 

 

[Fig.6: FTIR Spectrum of N2Cu] 

In the spectrum of the free ligand N1, the typical azo 

stretching vibration, v(N=N), is observed at 1409.96 cm-1. 

Upon complexation with Cu(II), the band shifts to 1404 

cm-1, whereas with Ni(II) it shifts to a higher frequency at 

1417 cm-1. The azo frequency perturbations provide evidence 

that the azo nitrogen atoms contribute to azo coordination, 

modifying the π-electron density of the -N=N- bond [34]. In 

addition, the carbonyl loss peak v (C=O) is observed at 1680 

to 1624.07 cm-1 (N1Cu) and 1624 to 1575 cm-1 (N1Ni). This 

significant frequency shift implies fewer C=O bonds, 

indicating strong coordination of the carbonyl oxygen to the 

metal centre [35]. The simultaneous emergence of the new 

non-ligand bands in the 482-651 cm-1 and 460-621 cm-1 

regions at the same time is a clear demonstration that the 

metal-ligand structure was formed. The ligand N2 shows a 

v(N=N) signal at 1448 cm-1. Upon reaction with Cu(II), the 

band shifts to 1400 cm-1, indicating significant back-bonding 

between the metal and the ligand π* orbitals [36]. In contrast, 

the N2Ni complex shows only a marginal rise to 1452 cm-1, 

which could reflect inductive effects or geometric constraints 

at the Ni(II) centre. The N2 v(C=O) shifts from 1651 cm-1 to 

1595 cm-1 in the Cu(II) complex, consistent with 

oxygen-metal interaction. The carbonyl stretching frequency 

(ν(C=O)) in the N2Ni complex is observed at 1734 cm⁻¹. This 

is especially interesting because the carbonyl region shows a 

hypsochromic shift (to higher wavenumbers than in the free 

ligand). Although coordination usually results in a 

bathochromic (lower wavenumbers) shift because of a 

decreased C=O bond order, an increase in wavenumber may 

also be possible if the carbonyl group is not coordinated or 

when the ligand experiences a conformational change or 

resonance stabilisation to a different tautomeric form 

(between enol and keto form) upon complexation [37]. 

Furthermore, the metal centre may exert inductive effects on 

non-coordinated ligand segments or induce intermolecular 

interactions within the solid-state lattice [38]. The presence 

of ν(M-N) and ν(M-O) in the far-IR region (451-516 cm-1) 

further supports this structural interpretation. 

F. Electronic Spectra (UV-Vis) 

The electronic spectra of ligands N1 and N2 in DMSO 

showed two absorption bands. The first band, in the UV 

region around 270-310 nm, is considered to be due to π→π∗ 

transitions in the aromatic rings. The other band (380-420 

nm) is attributed to the n→π∗ transitions of the azo group 

(-N=N-) and carbonyl group (C=O). Upon coordination with 

Cu(II) and Ni(II) ions, these bands shifted bathochromically, 

indicating that the ligand donor atoms play a role in the 

complexation process. Moreover, the Cu(II) complexes 

exhibited a wide band in the visible region (550–620 nm) 

typical of the d-d transitions, consistent with a square-planar 

structure. 

G. ¹H NMR Spectra 

As shown in the 1H NMR spectrum of the N1 ligand 

(Figure 7) and Table III, several peaks can be assigned to its 

proposed molecular structure. The spectrum displays a 

singlet at 2.5 ppm, which is the remaining protons of the 

DMSO- d solvent. Moreover, a signal at 3.3 ppm is assigned 

to HOD (moisture) in the solvent. Another important singlet 

at 1.89 ppm, purportedly accompanied by cis-6 H, is 

attributed to the methyl protons (-CH3). The rather upfield 

situation is common to aliphatic protons that are not directly 

bonded to strongly electronegative groups. The aromatic 

region exhibits a multiplet at 7.7 to 7.9 ppm (4 -H 

integrating). This range is typical of para- or 

ortho-substituted benzene rings, where the 

electron-withdrawing or donating properties of the 

substituents affect aryl-proton deshielding [39]. Figure 7 

shows the 1H NMR spectrum of ligand N1; the singlet is 

centred at 7.18 ppm and integrates to two protons. We assign 

this resonance to the protons of the primary sulfonamide 

group (–SO2NH2). The chemical shift and broadening of this 

signal agree with exchangeable NH protons measured in 

DMSO-d6. The lack of the resonance at 12-15 ppm shows 

that, under the experimental conditions used, the azo -enol 

tautomer is dominant over the hydrazo -keto form, or that the 

hydrazo N-H proton resonance is over-exchanged by a broad 

interference. This width and peak location indicate 

exchangeable protons on N-donor ligands, which are often 

affected by hydrogen bonding to the DMSO solvent [40]. 

Table III: Chemical Shift Values of the 1HNMR 

Spectrum for Ligands N1 and N2 

Chemical Shift (ppm) Compound 

N6 
2.5(s,6H,DMSO)-3.3(s, H,HOD) 

-1.89(s,6H,CH3) 

7.7-7.9(m,4H,Ar-H) -7.18(s, 2H,NH2) 

N12 
2.5(s,6H,DMSO)-3.3(s, H,HOD) 

-7.24-8.2(m,14H,Ar-H) 

4.89(s,2 H,NH2)-11.73(s,H,OH) 
s = Singlet, m = Multiplet 
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[Fig.7: 1HNMR Spectrum of N1] 

The spectrum of ligand N2 (Figure 8) and (Table III) 

depicts a more complex aromatic system than N1, in addition 

to other signals that can be attributed to functional groups. As 

in N1, DMSO and HOD show peaks at 2.5 and 3.3 ppm, 

respectively. A broad multiplet between 7.24 and 8.2 ppm 

(integrating 14H) indicates a long aromatic structure, most 

likely a mixture of mutually fused or substituted multiplets. 

The deshielding effect at higher chemical shifts indicates 

electron-withdrawing substituents or a widely conjugated 

ligand skeleton [39]. A singlet at 4.89 ppm appears as the 

NH2 moiety. This pronounced upfield shift for N 0 1 (7.18 

ppm) can be attributed to changes in the immediate electronic 

environment or reduced hydrogen-bonding interactions 

within the N2 structural matrix [41]. In addition, a highly 

deshielded singlet at 11.73 ppm (1H) is assigned to a phenolic 

or carboxylic hydroxyl group, a characteristic downfield 

signal of protons involved in strong intramolecular hydrogen 

bonding, as is common with the Schiff-base ligand or similar 

systems [40,41]. 

 

[Fig.8: 1HNMR Spectrum of N2] 

H. Mass Spectra 

The mass spectrum of Ligand N1 (Figure 9) shows a 

prominent protonated molecular ion at m/z = 264.30, close to 

the calculated molecular weight of 263.30 g/mol.  Key 

fragment ions include:  m/z 170: suggestive of significant 

loss of the parent ion, perhaps through cleavage of the 

sulfonyl group or dissociation of one of the aromatic 

subunits;  m/z 140: probably the result of more extensive 

fragmentation of the m/z 170; and m/z 91: a typical tropylium 

ion (C7H7
+) usually observed in aromatic mechanisms that 

contain a methyl or methylene substituent [42]. 

 

[Fig.9: Mass Spectrometry for Ligand N1] 

For ligand N2, the mass spectrum (Figure 10) shows a 

protonated molecular ion at m/z 338.39 ([M+H]⁺), 

corresponding to a theoretical molecular mass of 337.39 

g/mol. Notable fragmentation ions are: m/z 247: this ion 

represents a significant portion of the molecule, possibly a 

benzoyl moiety (C6H5CO) or a similarly large substituent; 

m/l 170: the ion is present in both ligand N1 and ligand N2, 

showing that they have a common structural motif with 

which analogous fragmentation occurs; m/l 140: the ion is 

also found in ligand N1, and it indicates that the molecule has 

a common structural motif. 

 

[Fig.10: Mass Spectrometry for Ligand N2]  

Mass spectrometry was used to determine ligands N1 and 

N2, providing conclusive evidence of their molecular 

identities and a comprehensive view of their structural 

moieties, as characterised by characteristic fragmentation 

patterns. The protonated molecular ion m/z peaks for ligands 

N1 and N2 are 264.30 and 338.39, respectively, which fully 

agree with their calculated masses [43]. The disaggregation 

mechanisms evident in the two spectra are very informative. 

All ligands contain intricate functional groups: an azo group 

(−N=N−), a sulfonyl group (−SO2-NH-R), and aromatic 

rings. Azo compounds typically fragment by breaking the 

N=N bond, especially under electrospray ionisation 

conditions [44]. However, the similarity of common 

fragment ions at m/z 170 and m/z 140 in the two spectra 

suggests that the fragments share a common structural core. 

Since this core was built from the chemical architecture, it 

likely includes the benzene ring linked to the sulfonyl and 

amine functionalities. The fragment observed at m/z 170 can 

be explained as the loss of the amine (NH2) and azo 

functionality from the remaining molecular fragment after 

the initial bond cleavage. The m/z 140 ion may result from 

the loss of a sulphur dioxide (SO2) (64Da) unit from a 

sulphur-containing ion, a well-reported fragmentation pattern 

of sulfonamide analogues [45]. The large tropylium ion 

signal (m/z 91) in both spectra strongly indicates that an 

aromatic ring system is replaced by a methyl or methylene 

group that rearranges to form this very stable ion [46]. This 

observation is consistent with the aromatic properties of 

Ligand N1 and Ligand N2. For the ligand, the fragment mass 

at m/z 247 (or [M+H 91]) indicates fragmentation of the 

protonated molecular ion, leaving a large structural fragment 

[47]. This fragmentation can be attributed to cleavage of a 

benzoyl group or another larger group separating Ligand N2 

and Ligand N1.  

Scheme 1 shows the postulated structures of Ligand N1 and 

its complexes with Cu(II) and Ni(II), based on elemental 

analysis, molar conductance, 

and magnetic susceptibility 

of the reactants and products; 
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it also presents the FT-IR and 1H NMR data of the products. 

The OH/NH proton signals are almost completely hidden 

upon complexation, and the proton chemical shifts strongly 

support their involvement in the complexation process. The 

stretching vibrations of these functional groups also show 

appreciable changes in the corresponding FT-IR data, further 

supporting this interpretation and the proposed chelation 

mode.  The ligand acts as a bidentate chelating agent through 

the azo nitrogen and carbonyl oxygen atoms, forming active 

five-membered chelate rings. Two ligand molecules 

coordinate Cu(II) and Ni(II), giving a 2:1 (L: M) 

stoichiometry. We assume square-planar metal centres for 

Cu(II) and octahedral centres for Ni(II), which agree well 

with the experimental magnetic moment values. 

 

Scheme 1. Proposed Structures of Ligand N1 and Its Cu 

(II) and Ni (II) Complexes 

I. Thermal Analysis (TGA) 

We studied the thermal stability of the synthesised 

complexes to confirm their composition. The TGA curves 

showed a multi-step decomposition process. The first stage 

(below 120 °C) involved the loss of lattice water/solvent 

molecules. The second step (200-450 °C) was related to the 

breakdown of the organic framework of ligands. We 

chemically analysed combustion residues from temperatures 

above 600 °C, which agreed with the proposed L/M ratios, 

and the final residue was consistent with the formation of 

metal oxides (CuO or NiO). 

J. Antioxidant activity 

We measured the antioxidant activity of all synthesised 

compounds using the DPPH radical-scavenging method. 

Table IV and Figure 11 present the results, which summarise 

the IC50, per cent inhibition, and activity for each compound. 

The copper complexes (N1Cu and N2Cu) showed the best 

antioxidant capacity, with IC50 values of 18.3 μg/mL and 

16.8 μg/mL, respectively, close to the standard ascorbic acid 

(IC50 = 12.4 μg/mL). 

Table IV: Antioxidant Activity (DPPH Assay) of Ligands 

and Metal Complexes 

Compound 
IC₅₀ 

(μg/mL) 

Inhibition 

% 

Activity 

Grade 

N1 68.5 45.2 Moderate 

N1Cu 18.3 88.6 Excellent 

N1Ni 35.7 72.3 Good 

N2 72.1 42.1 Moderate 

N2Cu 16.8 90.1 Excellent 

N2Ni 38.2 70.8 Good 

Ascorbic Acid 12.4 95.3 Excellent 

 

 

[Fig.11: Comparative Analysis of IC₅₀ Values] 

As shown in the bar chart (Figure 12), copper complexes 

have higher antioxidant activity than nickel complexes and 

free ligands. Compared with nickel complexes and free 

ligands, copper complexes have lower IC₅₀ values, indicating 

increased radical-scavenging ability. Dose-response analysis 

shows that all compounds exhibit a concentration-dependent 

increase in antioxidant activity. The steeper dose-response 

slopes for copper complexes suggest near-optimal DPPH 

radical-scavenging efficiency across the entire concentration 

range. 

 

[Fig.12: Dose-Response Curves for Antioxidant Activity] 

As is customary, the antioxidant activity of the formed 

complexes is significantly higher than that of the free ligands 

due to chelation effects [48]. Metal-ligand coordination bond 

formation alters the organic ligand's electronic properties, 

enhancing its electron-donating ability and, therefore, its 

ability to neutralise free radicals. (Table IV) The DPPH assay 

shows improved properties, with all metal complexes 

showing lower IC50 values than their parent ligands. 

Specifically, the copper complexes show IC50 values 

comparable to the well-known antioxidant ascorbic acid, 

suggesting their potential as alternative therapeutic options 

for oxidative-stress-associated pathologies. Higher 

performance of N1Cu (IC50= 18.3 μg/mL) and N2Cu (IC50= 

16.8 μg/mL) as compared to their nickel counterparts is 

attributed to the inherent redox-related behaviours of Cu (II), 

which is very reactive to switching between oxidation states 

to enable electron-transfer reactions crucial in radical 

scavenging [49]. This twofold difference in the IC50 values 

of copper and nickel complexes (calculated as N1Ni: 35.7 

μg/mL, N2Ni: 38.2 μg/mL) highlights the paramount 

importance of metal choice in developing 

coordination-complex antioxidants. This difference may be 

explained by Cu(II)'s greater ability to undergo a 

one-electron reduction, 

which is a more important 

process in DPPH radical 
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scavenging. This superiority is further supported by the 

dose-response curves in Figure 12, where copper complexes 

showed steeper slopes at all concentrations within the 

experimental range, indicating more effective 

radical-scavenging kinetics.  

The increased activity of the N2 series complexes 

compared with the N1 series indicates that the organic 

ligand's structural properties strongly influence overall 

antioxidant activity. The slightly better activity of the N2Cu 

complex (IC50 = 16.8 μg/mL) than N1Cu (IC50 = 18.3 

μg/mL) indicates that minor changes in ligand structure can 

control the antioxidant activity of the resulting metal 

complex. This observation supports the role of rational ligand 

design in generating hi-tech antioxidant agents. Structural 

factors that can promote antioxidant activity include an 

optimised metal-coordination geometry, higher electron 

density at the metal centre, and steric configurations that 

accommodate radical approach and scavenging [50]. The 

dose-response curves (Figure 12) show 

concentration-dependent antioxidant activity, consistent with 

recognised free-radical scavenging reactions. The rapid rise 

in inhibition at lower concentrations indicates that the metal 

complexes efficiently intercept DPPH radicals through 

electron-transfer mechanisms, and the plateau at higher 

concentrations reflects saturation of radical-scavenging 

capacity. (Table IV) The per cent inhibition of N1Cu and 

N2Cu shows that, at the same concentration, the inhibition 

measures approximately 89- 90%, ranking it just behind 

ascorbic acid at 95.3%. This total, or near-total, inhibition 

suggests that these copper complexes effectively quench 

DPPH radicals by donating electrons, probably via the 

redox-active copper centre and possibly through the aromatic 

ligand itself [51]. 

K. Antimicrobial Efficacy 

We tested the antimicrobial activity of the synthesised 

compounds against four microorganisms: S. aureus 

(Gram-positive), E. coli (Gram-negative), C. albicans (yeast), 

and A. niger (mould). (Table V) Figure 13 reports and 

presents the inhibition zones. The copper complexes showed 

the strongest antimicrobial effect, with N2Cu producing the 

largest inhibition zones against all microorganisms tested, 

ranging from 20 to 28 mm. Compared with nickel complexes 

and free ligands, copper complexes were more effective 

against all microorganisms tested. The activity pattern 

indicates that Staphylococcus aureus is the most vulnerable 

organism, followed by E. coli, C. albicans, and A. niger. 

Table V: Antimicrobial Activity (Inhibition Zone in Mm) 

Against Selected Microorganisms 

Comp. 
Inhibition Zone in mm 

S. aureus E. coli  C. albicans  A. niger  

N1 14 12 10 8 

N1Cu 26 24 22 20 

N1Ni 20 18 16 14 

N2 12 10 8 6 

N2Cu 28 26 24 22 

N2Ni 19 17 15 13 

 

 

[Fig.13: Antimicrobial Activity Profile Against Selected 

Microorganisms] 

The antimicrobial strength of the copper complexes, N1Cu 

and N2Cu, was supported by the minimum inhibitory 

concentration (MIC) values, as N1Cu and N2Cu showed the 

lowest MICs (0.5 mg/mL) during testing against 

Staphylococcus aureus, highlighting their superior 

effectiveness (Table VI). 

Table VI: Minimum Inhibitory Concentration (MIC) 

Values for Active Complexes 

Comp. 
S. aureus 

(mg/mL) 

E. coli 

(mg/mL) 

C. albicans 

(mg/mL) 

A. niger 

(mg/mL) 

N1Cu 0.5 0.75 1.0 1.5 

N1Ni 1.0 1.5 2.0 2.5 

N2Cu 0.5 0.75 1.0 1.5 

N2Ni 1.2 1.5 2.0 2.5 

 

The antimicrobial data therefore strongly support the 

increased efficacy of metal complexes compared with free 

ligands. Chelation theory states that binding a ligand to a 

metal centre decreases the metal ion's positive charge, 

enhancing the complex's lipophilicity [52]. This increased 

lipophilicity increases the complex's ability to enter the 

microbial cell membrane via lipid quanta, allowing access to 

intracellular targets. (Table V) shows the inhibition zone 

results that indicate that all the metal complexes have a 

higher antimicrobial activity than the free ligands, with 

inhibition zones ranging between 14 28 mm for complexes 

and between 6 14 mm for free ligands. This significant 

improvement highlights the crucial role of metal coordination 

in generating antimicrobial properties. After entering the 

microbial cell, the metal ion may disrupt key enzymatic 

functions and DNA replication or form reactive oxygen 

species (ROS) that damage cellular integrity. The metal 

centre of these complexes can also nucleate basic cellular 

constituents such as DNA, ribosomal proteins and metabolic 

enzymes, thus inhibiting essential cellular processes. 

Moreover, the metal centre can generate reactive oxygen 

species via Fenton-like reactions, causing oxidative stress to 

cellular membranes, proteins, and nucleic acids. Table 6 

provides a quantitative measure of this antimicrobial potency 

as inhibition zone diameter values, with N1Cu and N2Cu 

showing values as low as 0.5 mg/mL against S. aureus, thus 

inhibiting bacterial growth at extremely low concentrations 

[53]. 

The synthesised complexes show remarkable antimicrobial 

activity, as evidenced by their ability to act against 

Gram-positive bacteria (S. aureus), Gram-negative bacteria 

(E. coli), and fungal pathogens (C. albicans and A. niger). 

The activity pattern in Table 

V shows that S. aureus is the 

most sensitive organism, 
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with an inhibition zone of 28mm, followed by N2Cu (26 

mm), S. aureus (24mm), and A. niger (22 mm). These 

differences may reflect dissimilar cell-wall 

composition/thickness among microbial species. 

Gram-positive bacteria may be more vulnerable to lipophilic 

complex penetration because their peptidoglycan layers are 

thinner. The action against fungal pathogens is especially 

noteworthy, since fungal infections are becoming more 

resistant to traditional antifungal agents [54]. Copper (II)'s 

selective effectiveness in antimicrobial applications is 

supported by the consistently excellent performance of 

copper complexes against all tested microorganisms. Copper 

(II) offers several natural advantages over nickel (II) in this 

regard. First, copper interacts strongly with 

sulphur-containing amino acids, including cysteine and 

methionine, which are common in bacterial proteins and 

enzymes. This affinity allows copper complexes to identify 

and block important protein activity. Second, copper (II) 

readily participates in Fenton-like reactions, producing 

hydroxyl radicals and other reactive oxygen species that can 

cause widespread cell damage. Third, copper is also more 

redox-active than nickel and can produce 

antimicrobial-effective species more effectively. This 

superiority is evident in the inhibition zone diameter data in 

Table VI, where copper complexes consistently show 

inhibition zone diameters 23 times smaller than their nickel 

analogues across all microorganisms used in the experiment 

[55]. 

The MICs in Table 6 provide pivotal data for evaluating the 

clinical usefulness of these antimicrobial agents. The MICs 

of copper complexes in relation to the use of copper 

complexes against S. aureus at the concentration (0.5 

mg/mL) are relatively close to or even better than most 

standard antibiotics; thus, copper complexes could be 

involved as a replacement or even an adjunctive activity in 

antimicrobial treatment. The low inhibition zone diameters 

suggest that therapeutic levels could be achieved with 

minimal systemic exposure, which may reduce the risk of 

adverse effects. Moreover, activity against bacterial and 

fungal pathogens suggests that the complexes under 

consideration could be especially useful in treating 

polymicrobial infections or when the primary pathogen is not 

yet known. Because N2Cu is a more potent antimicrobial 

agent than N1Cu against most microorganisms, further 

optimisation of the ligand structure could yield even more 

effective antimicrobial agents. We compared the ligand 

efficiency of the present compounds with previously reported 

azo-sulfonamide metal complexes. Based on the results 

summarised in Table VII, the N2Cu complex showed higher 

antimicrobial activity than other related complexes reported 

in recent literature; the increased planar square geometry, as 

well as the electron-withdrawing effect of the phenyl rings in 

the dibenzoylmethane moiety, may explain this. 

Table VII: The Biological Efficacy of The Present Azo-Complexes was Compared with Related Azo-Complexes 

Compound 
Inhibition Zone Diameter 

Against S. Aureus (mg/mL) 

IC50 (Antioxidant) 

(μg/mL) 
Bio-assay Ref. 

N2Cu 0.5 16.8 DPPH Radical scavenging Current study 

Amino acid metal complexes  2.0 66.8% (Inhibition) DPPH Radical scavenging [54] 

Copper Schiff base complexes - 24.3 µg/mL α-glucosidase (Antidiabetic) [55] 

Azo-sulfonamide Cu (II) 1.2 24.5 DPPH Radical scavenging [56] 

Schiff-base sulphonamide Ni (II) 0.8 31.2 DPPH Radical scavenging [57] 

 

L.  Environmental Impact 

In an environmental context, this study relates to 

sustainable chemistry. The synthesised complexes are highly 

potent, with therapeutic effects achieved at much lower 

concentrations than conventional drugs. This efficiency may 

also reduce the environmental burden of pharmaceuticals, as 

synthesis generates less chemical waste and fewer 

metabolites of the active molecule are excreted into the 

aquatic environment. 

IV. CONCLUSION 

New azo-diketone sulfonamide ligands (designated N1 and 

N2), their complexation with copper (II) and nickel (II), as 

well as their corresponding Fourier-transform infrared 

spectroscopy, proton nuclear magnetic resonance 

spectroscopy, and mass spectrometric reactions confirmed a 

ligand-to-metal stoichiometry of 2:1. There is bidentate 

coordination in the ligands by the azo nitrogen atoms as well 

as the carbonyl oxygen atoms next to them. Magnetic 

susceptibility studies revealed that the copper (II) complexes 

adopt a square-planar structure, while the nickel (II) 

complexes have an octahedral structure. In vitro biological 

measurements showed that metal chelation significantly 

enhances antioxidant and antimicrobial activity. Notably, the 

copper complex with ligand N2 (N2Cu) was as potent an 

antioxidant as ascorbic acid and showed strong 

broad-spectrum antimicrobial activity against a wide range of 

animal bacteria and fungi. These findings highlight the 

potential of copper2-sulfonamide complexes as therapeutic 

agents and the critical role of metal-ion selection in designing 

metallodrugs, paving the way for future drugs to treat 

oxidative stress and microbial infections. UV-Vis and TGA 

characterisation confirmed the proposed coordination modes 

by assessing the structural integrity and thermal stability of 

the synthesised compounds. 
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