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ABSTRACT 

In this study, we present a rapid, template -free, and environmentally benign synthetic strategy for the fabrication of 

structurally diverse silver sulphide (Ag2S) nano structures under ambident conditions. This synthesis is based on a 

microwave assisted thermal decomposition of a macrocyclic ligand -coordinated silver (I) complex employed as a single-

source molecular precursor. This ecofriendly method enables the synthesis of silver sulphide nanostructures with different 

morphologies, including nano spheres and nanotubes, composed primarily of assembled nano plates and nanoparticles. 

Synthetic parameters-precursor stoichiometry, and the nature of counterions -revealed that ionic species significantly 

influence the resultant morphology specifically sulphate, nitrate, bromide, hydroxide ions favoured the formation of tubular 

nanostructures, whereas chloride ions predominantly yielded spherical architectures. The resulting ecofriendly 

nanomaterials were extensively characterized using elemental analysis, Fourier -transform infrared spectroscopy (FT-

IR),UV-Vis spectroscopy (UV-Vis), thermogravimetric analysis (TGA),X-ray diffraction(XRD),transmission electron 

microscopy(TEM),and scanning electron microscopy(SEM).FT-IR spectral data indicated notable shifts in vibrational 

bands, in silver (I) complex, affirming successful coordination of the ligand to the silver ion in +1 oxidation state. XRD 

confirmed the crystalline phase purity of silver sulphide nanostructures, while SEM revealed monodisperse spherical 

particles averaging ~ 78 nm in diameter. A prominent absorption peaks at 353 & 378 nm in UV spectrum further 

corroborated the optical and nano scale features of the synthesized particles. SEM analysis displayed agglomerated, grain-

like surface textures characteristic of Ag2S nano structures.  The incorporation of non-polar solvents like DMSO (dimethyl 

sulfoxide) under microwave irradiation was found to significantly enhance reaction kinetics, reduce by-products of reaction 

and improve the overall quality of the nanomaterials. In addition to structural and optical characterization, the bioactive 

potential of the synthesised silver sulphide nano particles was evaluated. The materials exhibited notable pharmacological 

properties, including anticancer, antioxidant, and anti-inflammatory activities likely arising from the electronic 

characteristics of the substituent groups on the molecular precursor. Furthermore, cytotoxic assays against MCF -7 breast 

cancer cell lines, revealed significant biological activity, under scoring the therapeutic promise of the nano structures. This 

ecofriendly, microwave-assisted route represents a robust and efficient methodology for producing bio-functional Ag2S 

nanostructures, holding great potential for future applications in biomedicine, particularly in cancer therapy and molecular 

diagnostics. 

KEYWORDS: Silver sulphide nano particles, Single source molecular precursor, Microwave -assisted synthesis, 
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1. INTRODUCTION 

 

Silver nanoparticles (AgNP’s) have garnered significant attention in recent years due to their remarkable physicochemical 

properties and broad spectrum of potential applications. Their distinctive optical, electrical, thermal, and biological 

characteristics -such as high electrical conductivity, antimicrobial efficacy, and catalytic activity -make them valuable in a 

wide array of fields including medicine, food safety, health care, consumer goods, and industrial processes.[1-3]These 
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nanomaterials have been extensively utilised as antibacterial agents, in wound dressing, medical device coating ,optical 

sensors, cosmetics, and even in drug delivery systems and cancer therapy, where they have been shown to enhance the 

efficacy of anticancer drugs.[4-6]The unique behaviour of AgNP’s can be largely attributed to their nano scale dimensions 

and high surface-to volume ration, which significantly influence their physical, chemical and biological interactions[7-

8].To meet the increasing demand for these nanoparticles, a variety of synthetic procedures have been developed. 

Traditional physical and chemical approaches, although effective, often involve high costs and environmental hazards [1,9]. 

In contrast, biological or “green” synthetic methods have emerged as promising alternatives. These eco-friendly techniques 

offer several advantages, including simplicity, cost-effectiveness, and the ability to produce nanoparticles with controlled 

size and morphology, often with enhanced stability and biocompatibility [1]. Following synthesis, thorough 

characterization of silver nanoparticles is critical to ensure their safety and efficacy for biomedical applications. The 

biological behaviour of nano particles such as toxicity, cellular uptake, and therapeutic activity is largely influenced by 

their physico chemical properties, including size, shape, surface chemistry, solubility and aggregation state.[10-

12].Comprehensive characterization is typically carried out using a suite of analytical techniques such as UV-Visible 

spectroscopy-ray diffraction (XRD),Fourier -transform spectroscopy(FT-IR),Transmission electron microscopy (TEM) 

&Scanning electron microscopy(SEM).Notably, the biological activity of silver nanoparticles is highly dependent on 

several factors, particle size & shape, surface modification, dissolution behaviour ,ion release kinetics and the nature of the 

reducing and capping agents used in synthesis{15].These factors collectively influence not only cytotoxicity but also the 

pharmacokinetics and biodistribution of therapeutic agents, enhancing their bioavailability and therapeutic outcomes after 

both local and systemic administration [16-19].Thus, the design and development of AgNP’s with uniform ,well -defined 

physicochemical properties is essential for their successful application in modern medicines[20-24]. 

 

Cancer a multifaceted and globally prevalent disease, is characterized by uncontrolled cell proliferation influenced by 

genetic, environmental, and life style factors [25]. Standard cancer treatment modalities-such as chemotherapy, 

radiotherapy, surgery, immunotherapy, -are often limited by toxicity and non-specificity. In this context, AgNP’s have 

emerged as promising candidates due to their anticancer, anti-angiogenic, and diagnostic capabilities. Given their potential, 

there is an urgent need to better understand and optimize their synthesis, characterization, and application in oncology. 

This study aims to consolidate recent advancements in the green synthesis, structural and functional characterization, and 

biomedical applications of AgNP’s, with a particular focus on their anti-inflammatory and anticancer properties. 

 

2. EXPERIMENTAL  

 

2.1 Materials & Methods 

All chemicals used were of analytical grade. Silver nitrate (99.8% pure), curcumin and thiosemicarbazide hydrochloride, 

DPPH, & BSA were purchase from Merk company Pvt. Ltd Bengaluru, India. All the chemicals used as received without 

further purification. Distilled water was used for all the experiments conducted in our study. 

 

2.2 Instrumentation 

Ultrasonicator, microwave, water bath, deep fridger, cooling centrifuge, mechanical stirrer, UV -Vis spectrophotometer 

 

2.3 Spectroscopic Characterization of compounds 

Elemental analyses of silver (I) complex were determined in the microanalytical unit using CHN elemental analyzer. Perkin 

Elmer 2400 from CDRI ,Lucknow U.P. FT-IR spectra of synthesised compounds were recorded on a Perkin Elmer FT-IR 

spectrophotometer in PC Ray research center, ITM University, Gwalior-Vis spetra of compounds were recorded on Perkin 

Elmer UV -vis lambda 25 in PC ray research center, ITM University ,Gwalior  of silver nanoparticles were carried out at 

room temperature using a Bruker axis D 8 using Cuα radiations(1.54 A0) over a 2𝜃 collection range of 20 -80 0 from CIF, 

Jiwaji University, Gwalior and molar conductance of silver complex was monitored by using a Digital conductivity meter 

in DMSO solvent (1X10-3 M) .All chemical reactions were monitored by TLC using under UV lamp .IUPAC nomenclature 

and calculation of molecular weight of complex was performed by Chem Bio Draw 12 software. 

 

2.4 Synthesis of   Macrocyclic Ligand  

The curcumin was obtained from Sigma Aldrich and thiosemicarbazide hydrochloride in glacial acetic acid as starting 

material [17]. Ligand was prepared by the reaction of curcumin with thiosemicarbazide in them molar ratio 1:1 using 

anhydrous methanol as a solvent.The liquid was obtained upon refluxing the reaction mixture of curcumin and 

thiosemicarbazide for 6 hours at 800C. 

 

Curcumin (99% Pure) + Thiosemicarbazide hydrochloride → Ligand(L) 

Colour: Off white crystals from ethanol, yield: 60%. m.pt.-,  H 1NMR (500MHZ,DMSO-d6) δ ppm:1.34 (9H,CH3),1.42s 

(9H,3 CH3,6.7 s (1H,CHAr),7.10(1H,OH),8.74s(1H,CH=N)13.19s (1H,SH); FT-IR (𝜗,cm-1); 3344 (s), 𝜗(O-H) ;1616(s0 
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𝜗(𝐶 = 𝑁); 1166𝑚, 𝜗 (𝐶 − 𝑂) − 1114, 𝜗( 𝐶(𝑎𝑟𝑜𝑚𝑎𝑡𝑖𝑐 − 𝑁)1274 𝑚, 𝜗(𝑆 − 𝐻)2578(𝑤), 𝜗(𝐶 − 𝑆), 688 𝑤 

UV-Vis: λ, nm:320(4.26),378(4.30),413(3.62), Mass Spectrum, m/z:863.96[M+] [C24H31O5N3S] 

 

2.4 Synthesis of   Silver (I) Complex from Macrocyclic Ligand 

In the present study, silver (I) complex was synthesised employing a refluxing approach, a well -established methodology 

in coordination chemistry. In this involves the in-situ construction of ligand under the direction of a central metal ion, 

which acts as a structural scaffold to guide the spatial arrangement of donor atoms for effective coordination. Stoichiometric 

amounts of ligand and silver nitrate (2:1) molar ratio were reacted in methanol. The reaction mixture was subjected to 

reflux under constant stirring for 8 hours, facilitating the formation of a ligand framework coordinated around the silver 

center. The appearance of black precipitate upon completion of the reflux period was indicative of successful complex 

formation. After completion of reaction, the solvent was removed under reduced pressure, and the residue was treated with 

ethanol to terminate the reaction and facilitates the precipitation of Silver (I) complex. The solid product was isolated by 

filtration, thoroughly washed with cold ethanol to eliminate unreacted starting materials and by products and dried over 

anhydrous calcium chloride in a desiccator. The final silver complex was obtained in a good yield,and its purity was 

confirmed via thin layer chromatography (TLC0 and elemental analysis. These results collectively validate the efficiency 

of the refluxing method in constructing stable macrocyclic architectures with potential medicinal applications in 

coordination and bioinorganic chemistry. 

 

Colour - Black crystals from ethanol, yield: 85%. m.pt.-,  

Anal.Calcd. for [C 45 H 22 O 10 N 6 S 2 Ag]; C,43.26; H,4.68;Ag 22.80;N,8.92;S,13.26; 

mFound: C,43.18;H,4.36;Ag,22.82,N,8.82;S,13.20; H 1NMR (500MHZ,DMSO-d6) δ ppm:1.36 (9H,CH3),1.42s (9H,3 

CH3,6.7 s (1H,CHAr),7.10(1H,OH),8.74s(1H,CH=N)13.19s (1H,SH); FT-IR (𝜗,cm-1); 3312 (s), 𝜗(O-H) ;1651(s) 𝜗(𝐶 = 𝑁); 1186𝑚, 𝜗(𝐶 − 𝑂) − 1272, 𝜗( 𝐶(𝑎𝑟𝑜𝑚𝑎𝑡𝑖𝑐 − 𝑁)1284 𝑚, 𝜗(𝑆 − 𝐻)2612(𝑤), 𝜗(𝐶 − 𝑆), 673 𝑤 

UV-Vis: λ, nm:378(4.30),413(3.62), Molar conductance: 18 ohm -1 cm 2 mol -1 Mass Spectrum, m/z:978 amu [C 45 H 22 O 

10 N 6 S 2 Ag] 
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Figure -1 Synthesis of   Silver (I) Complex from Macrocyclic Ligand 

 

2.5 Microwave -Assisted Conversion of Ag(I) complex into silver nanoparticles 

Silver nanoparticles (AgNP’s) were synthesised from a pre-formed macrocyclic Ag(I) complex through a combined solvent 

-mediated Sono chemical, and microwave -assisted approach. Precisely,1 g of the synthesized Ag(I) complex was weighted 

and dissolved in 50 ml of DMSO (dimethyl sulfoxide) solvent in 100 ml round – bottom flask to serve as the reaction 

medium to achieve homogenous dispersion and facilitate molecular recognition, the resulting solution underwent ultrasonic 

irradiation using a piezo electric sandwich-type transducer operating at a resonant frequency of 40 kHz. The sonication 

process was conducted for 30 minutes at a constant temperature at 750C, uniform mixing and potentially aiding ligand 
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exchange or realignment within coordination environment. After sonication process, the reaction mixture was allowed to 

age undisturbed for an additional 30 minutes to encourage nucleation and the pre-organised of reactive species. 

Subsequently, the mixture was subjected to microwave irradiation in a conventional microwave over operating at 800W 

for 15 minutes. The rapid increase in temperature and internal pressure under microwave conditions facilitated the swift 

decomposition of the silver complex and conversion into silver nanoparticles as evidence by an immediate visual colour 

change in the reaction mixture. After the completion of microwave treatment, the mixture was allowed to cool to room 

temperature. The resulting colloidal suspension was allowed to separate the solid silver nanoparticles, which were then 

washed repeatedly with ethanol and distilled water to remove residual solvents and unreacted precursors. The purified 

nanoparticles were subsequently dried over vacuum physio-chemical and structural   for further characterization. 

 

 
Figure -2 Microwave -assisted synthesis of silver nanoparticles from Silver (I) complex 

 

2.6 In-vitro anti- oxidant activity of synthesised compounds 

The anti-oxidant potential of synthesised compounds was assessed using the DPPH (2,2-diphenyl -1-picrylhydrazyl) radical 

scavenging assay, in accordance with the method described by Hataro et al., with minor modifications. Ascorbic acid served 

as the reference antioxidant standard for comparative analysis. A 0.04% w/v DPPH stock solution was freshly prepared in 

methanol. For the assay,1.0 ml of the DPPH solution (appro.0.3 mmol) was added to 3.0 ml of the test compound solution 

at varying concentrations (20,40,60,80& 100µg/ml) A blank sample was prepared by mixing 3.0ml of test compound 

solution with 1.0 ml of methanol, except DPPH reagent. The negative control consisted of 1.0 ml of DPPH solution & 3.0 

ml DMSO, solvent used for dissolving the test compounds. All mixtures were incubated at room temperature(25±20C) in 

the dark for 30 minutes to minimise potential photo-induced degradation of the DPPH radical. Post-incubation, the 

absorbance of each reaction mixture was measured at 517 nm wavelength using a UV-Visible spectrophotometer. A 

decrease in absorbance indicated the free radical scavenging capacity of test compounds. The percentage of DPPH radical 

scavenging activity (% RSA) was calculated using following equation: 

 

Radical Scavenging Activity (%) = [Absorbance (Control) – Absorbance(sample)] /Absorbance (Control) X 100 

Where, 

 

Absorbance (Control) = Absorbance of DPPH solution without test sample (negative control) 

Absorbance(sample)] = Absorbance of DPPH solution in the presence of synthesized compound 

Each experiment was conducted was conducted in triplicate, and the results are presented as mean± standard deviation to 

ensure reliability and statistical significance. The results provide qualitative insight into the antioxidant efficacy of 

synthesised compounds, which may be attributed to their potential electron or hydrogen donating capabilities. 

 

2.7 Invitro Anti-inflammatory activity of compounds via inhibition of albumin denaturation 

This activity was assessed invitro by evaluating their ability to inhibit heat- induced denaturation of bovine serum albumin 

(BSA). Protein denaturation, a process commonly associated with the onset of inflammatory responses, serves as biological 

marker for screening anti-inflammatory agents. Substances that prevent thermal denaturation of proteins are thus 

considered to possess anti-inflammatory activity; as they contribute to maintaining the functional integrity of cellular 

proteins under stress conditions. The assay was conducted by preparing reaction mixtures containing 0.45ml of a 3% 

aqueous solution of BSA and 0.05% of synthesised compound solutions at varying concentrations (10,20,30,40 & 

50µg/ml), resulting in a final volume of 05 ml per compound. The pH of each reaction mixture was carefully adjusted to 

6.3 using a minimal volume of 1N hydrochloric acid to maintain near-physiological conditions favourable for protein 

stasbility. Synthesised compounds were pre-incubated at 37±0.50C for 20 minutes for facilitate potential interactions 
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between the compounds and the protein substrate. This was followed by exposure to thermal stress at 80±0.50C for 20 

minutes, promoting protein denaturation process. After thermal treatment, all reaction mixtures of compounds were cooled 

at room temperature, and the absorbance of each compound was recorded at 660 nm using UV- Visible spectrophotometer. 

In this experiment. Diclofenac sodium, a standard non-steroidal anti-inflammatory drug (NSAID), was used as the positive 

control under identical conditions. A negative control (BSA without synthesised compound) was also included. The 

percentage inhibition of protein denaturation was calculated using the following formula: 

 

Percent Inhibition (%)= [ Abs(control)-Abs(sample)/ Abs(control)]X 100 

Where ; Abs(control) = Absorbance of BSA solution without test sample. 

             Abs(sample)= Absorbance of BSA solution in the presence of synthesised compound. 

 

All experiments were performed in triplicate, and the results are presented as mean± standard deviation (SD) to ensure 

statistical reliability. This assay provides an effective and biologically relevant model for evaluating the anti-denaturant 

and anti-inflammatory efficacy of novel compounds through their capacity to stabilize protein conformation under thermal 

stress, thereby mimicking physiological inflammatory conditions.    

 

2.8 Evaluation of Anti-Proliferative Activity of Synthesized Molecules 

2.8.1 Preparation of Samples for Cytotoxicity Evaluation- 

To evaluate the cytotoxic potential of the synthesised compounds, precisely 10 mg of each compound -silver(I) complex 

and silver nanoparticles -was weighed using an analytical balance and dissolved in minimum essential medium (MEM) 

supplemented with 2% heat-inactivated fetal bovine serum. This resulted in a primary stock solution at a concentration of 

10 mg/ml. The stock solutions were subsequently sterilized using 0.45 µm syringe filters and subjected to a series of two -

fold serial dilutions to prepare working solutions of lower concentrations for cytotoxic assessment of synthesised 

compounds. 

 

2.8.2 Cell Line and Culture Conditions 

Human breast cancer adenocarcinoma cells (MCF-7) were procured from the National centre for cell science (NCCS) Pune, 

India. The cells were cultured in Roswell Park Memorial Institute (RPMI)-1640 medium supplemented with 10% (v/v) 

FBS,100µg/ml penicillin, 100µg/ml streptomycin Cells were maintained under standard incubation 37±0.50C in a 

humidified atmosphere containing 5% CO2 and 95% air. Sub-culturing was performed upon reaching 70-80% confluency 

using 0.25% trypsin -EDTA solution. 

 

2.8.3 Cytotoxicity Assessment via MTT assay 

The cytotoxic effects of the synthesised silver (I) complex and silver nanoparticles were quantified using the MTT [3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] colorimetric assay. This assay evaluates cellular metabolic 

activity as an indirect measure of cell viability bases on the reduction of MTT by mitochondrial dehydrogenase enzymes 

to an insoluble purple formazan product in viable cells.MCF-7 cells were seeded in 96 -well .The microtiter plates at a 

density of 1X 104 cells/well in 100µl of complete culture medium. After 24 hours of incubation to ensure cell adherence, 

the culture medium was replaced with 100µl of fresh medium containing varying concentrations of the synthesised 

compounds (1.56,3.125,6.25,12.5,25,50 and 100 µg/ml). The plates were then incubated for an additional 24 hours under 

standard culture conditions. After treatment period,10µl of MTT solution (5mg/ml in phosphate -buffer saline) was added 

to each well and incubated for 4 hours. The medium was then carefully removed, and the resulting formazan crystals were 

solubilized in 100µl of DMSO (dimethyl sulfoxide). Absorbance was recorded at 570 nm using a microplate 

spectrophotometer. The absorbance values obtained for synthesised compounds are directly proportional to the number of 

viable cells, allowing for the quantitative assessment of   cytotoxicity of compounds. 

 

2.8.4 Cell Viability and cytotoxic response 

To establish a benchmark for cytotoxic efficacy,5 -Fluorouracil (5-FU),a well -characterized antineoplastic agent, was 

employed as the positive control across a concentration gradient ranging from 7.8µM to 1000 µM. Untreated MCF-7 cells 

cultured under identical conditions served as the negative control, representing base line cellular viability. All experimental 

conditions, including treatment and controls, were conducted in triplicate to ensure reproducibility and enable statistically 

robust analysis. Cell viability and cytotoxic response were quantified based on absorbance values obtained from the MTT 

assay using the following equation- 

 

Cell viability (%) = [Absorbance (sample)/Absorbance of (control)]x 100 

Cytotoxicity (%) = 100- Cell viability (%) 

Whereas; 

Abs (sample)=represents the absorbance measured in wells containing cells treated with the synthesized compounds or 5 -FU. 

Abs(control)= denotes the absorbance from the untreated control cells 
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These calculations facilitated comparative assessment of synthesised compounds relative to the standard cytotoxic profile 

of 5-FU and the baseline established by the untreated control groups. 

 

3. RESULTS & DISCUSSION 

 

3.1 Physicochemical Characterization of compounds 

The curcumin -thiosemicarbazide based ligand was synthesised via a condensation reaction between a primary amine and 

an aldehyde functional group, yielding the corresponding ligand. The silver (I) complex of this ligand was subsequently 

isolate from a mixed solvent system comprising acetone and acetonitrile, resulting in an amorphous or poorly crystalline 

solid. The complex exhibited poor solubility in non- polar organic solvents, limited solubility in acetonitrile, and 

appreciable solubility in polar aprotic solvents such as dimethyl formamide (DMF) and dimethyl sulfoxide (DMSO). 

 

Molar conductivity measurements of synthesized silver complex in DMSO revealed value of 10 5 Ὼ-1cm2mol-1, which are 

indicative of non-electrolytic behaviour. The conductivity value is consistent with the formation of neutral silver -ligand 

complex, suggesting the absence of significant ionic dissociation in the solution [26]. 

 

Table -1 Physico- chemical properties of synthesized compounds 

S.N. Colour Melting 

point 

yield Molar 

conductance  

Texture solubility 

Ligand yellow 98 78 - Light yellow 

precipitate 

DMSO, 

DMF, 

Ethanol 

Silver (I) 

complex 

Green 105 

 

 

 

76 105 Black 

crystalline 

powder 

DMSO, 

DMF, 

Ethanol 

Microwave- 

assisted 

Silver 

nanoparticles 

Black - 75 - Crystalline 

material 

DMSO & 

DMF 

 

3.2 H1NMR Spectroscopic Analysis of compounds 

The structural characteristics and coordination behaviour of the synthesized ligand and its corresponding silver (I) complex 

were investigated using proton nuclear magnetic resonance spectroscopy in DMSO-d6. The spectra of the free ligand 

exhibited characteristic features consistent with the proposed Schiff base structure. Two distinct singlets observed in the 

downfield region (δ=7.10-8.34ppm) and (δ=14.80 -15.24ppm) were assigned to the phenolic protons of the aromatic moiety 

,with the intense de-shielding of the latter indicative of strong intramolecular hydrogen bonding .The aromatic protons of 

the aromatic ring appeared as singlets centred around δ≈6.7 ppm .The successful formation of the ligand was further 

corroborated by the appearance of singlet signals in the region 𝛿 = 8.74 − 9.30 𝑝𝑝𝑚, 𝑎𝑡𝑡𝑟𝑖buted to the azomethine (-

CH=N-) protons. In addition, the presence of singlets at δ=5.64,5.70, & 13.19 ppm corresponding to thiol(-SH) protons 

provided further evidence of the thiosemicarbazide functionality. Upon complexation with silver centre, the H1NMR 

spectra of complex revealed notable spectral changes. The complete disappearance of the -SH proton signals in silver 

complex is indicative of deprotonation and subsequent coordination of the thiol group to the silver ion. In Ag (I) complex, 

the azomethine nitrogen signal underwent a downfield shift to δ=9.18 ppm, suggesting its direct involvement in 
coordination with silver centre. Additionally, phenolic -OH signals exhibited minor shifts in silver (I) complex, which may 

reflect either coordination of hydroxyl groups to the metal centre or a disruption of intramolecular hydrogen bonding 

networks present in the free ligands. In some cases, the perturbation could also be attributed to the formation of new 

hydrogen bonding interactions involving uncoordinated hydroxyl functionalities within the complex. These spectral 

observations collectively support the selective and variable involvement of donor groups-thiol, azomethine, and hydroxyl- 

in the coordination chemistry of silver (I) complex, depending upon the ligand framework and local environment. 
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Figure -3 H1NMR spectra of Silver (I) complex 

 

3.3 Spectroscopic Characterization & Coordination analysis 

3.3.1 FT-IR analysis 

Fourier -transform infrared spectroscopy (FT-IR) was employed to elucidate the coordination behaviour of the ligand and 

its corresponding Ag(I) complex. Comparative analysis of the spectra of ligand allowed for the identification of donor  
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Figure -4 FT-IR Spectra of ligand,silver (I) complex and silver nanoparticles 

 

atoms involved in coordination. In the spectra of the ligand, characteristic bands associated with non- coordinating moieties, 

such as aromatic C=C stretching of the benzene ring, remained unchanged in the corresponding complexes, suggesting 

these groups do not participate in the metal binding [26,27]. Importantly the absorption of absorption bands, typically 

attributed to thiosemicarbazone structures [27] indicates the absence of oxidized thiosemicarbazone ligand within the 

coordination sphere of silver complex. The broad O-H stretching bands observed in the range of 3396- 3342 cm-1 in the 

ligand spectra were blue shifted in the silver (I) complex, suggesting no direct coordination of phenolic oxygen to Ag 

centre. This interpretation is further supported by the unchanged C-O stretching region(1220-1400cm-1), consistent with 

lack of metal -oxygen bond formation. In contrast, shifts in the azomethine C=N stretching vibrations (1650-1616 cm-1) in 

the spectra of silver complex, indicate coordination through the imine nitrogen. This is further substantiated by the 

appearance of new bands in the 500-600 cm-1 region, which are typically associated with the metal -nitrogen (Ag-N) 

stretching mode 

 

The weak S-H stretching bands present at 2600-2500 cm-1 in the free ligand is absent in the spectra of silver 

complex,indicating deprotonation and coordination of sulphur in the thiolate form. Silver complex uniquely exhibits a 

strong band at 1074 cm-1 consistent with coordination via both thiolate and thione (C=S) forms. Furthermore, a red shift of 

the -C-S- vibrations in complex (originally 630-600cm-1 in ligand) suggests involvement of the sulphur atom from the 

heterocyclic ring in metal coordination. 

 

3.3.2 UV -Vis Spectroscopic Analysis 

The UV-Vis absorption spectra of the ligand displayed high -energy bands in the 320-413 nm region, attributed to 𝜋 − 𝜋 ∗    𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛𝑠 of aromatic systems.{39]. Additional strong absorption bands in the range of 289-370nm corresponds to 𝜋 − 𝜋 ∗and n- 𝜋 ∗transitions of the azomethine moiety. In Ag (I) complex bathochromic shits of these bands to 413-420nm 

indicate electronic perturbation upon metal coordination, particularly involving the azomethine group. In the spectrum of 

silver complex, however largely shifted, reinforcing the IR-based conclusion that the imine group is involved in the 

coordination with silver centre. 
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Figure -5 UV-Visible Spectra of ligand, Silver complex and silver nanoparticles 

 

3.3.3 Proposed coordination Mode  

Taken together, the FT-IR and UV-Vis spectroscopic data indicate a variable and asymmetric coordination environment in 

the silver complex. Coordination likely occurs via thiolate sulphur in silver complex, with additional involvement of the 

azomethine nitrogen in the complex. The lack of phenolic oxygen coordination is consistent across silver complex. These 

findings support the coordination modes in the spectra, highlighting distinct ligand -silver interactions dictated by structural 

features of the ligands. 

 

3.3.4 X- ray diffraction studies 

X -ray diffraction (XRD) is a critical crystallographic technique used to determine the crystalline nature of materials 

synthesised through both classical methods and modern approaches such as ultrasonication, biosynthesis and microwave -

assisted synthesis.In this study,the structure & particle size of the synthesised compounds were characterized using a Bruker 

D8 Advance X- ray diffractometer. The measurements were conducted using CuKα radiation(λ=1.540A0) with a 2θ range 
from 20 to 600. 

 

Silver nanoparticles were obtained using synthesized silver (I) complex as a single molecular precursor, as evidenced by 

the x-ray diffraction (XRD) patterns shown in figure 6. Notably, the relatively high -intensity diffraction peaks at 64.40 and 

77.30 indicate the presence of metallic silver, suggesting that the synthesis involving silver   nanoparticles produced more 

elemental silver than other silver compounds. Figure –also includes standard reference patterns   from the crystallography 

open Data base (Revision 204654, dated 2018/01/02), using the reference code 96-900-0254 for silver nano particles. Silver 

(I)complex successfully produced silver nanoparticles with average size of ≈78 nm. The average particle size was 

calculated using Debye- Scherrer equation: 

      D= K λ/𝛽𝐶𝑂𝑆𝜃 

Where, 

D= Average crystalline size 

λ =x-ray wave length (1.540A0) 𝛽 = 𝐹𝑢𝑙𝑙 𝑤𝑖𝑑𝑡ℎ 𝑎𝑡 ℎ𝑎𝑙𝑓 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 (𝐹𝑊𝐻𝑀)𝑜𝑓 𝑡ℎ𝑒 𝑑𝑖𝑓𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑝𝑒𝑎𝑘(𝑖𝑛 𝑟𝑎𝑑𝑖𝑎𝑛𝑠 

θ =Bragg angle 
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The broad and small reflections in the XRD patterns further further confirm the nanoscale size of the silver nano particles. 

The absence of additional peaks indicates that the nanoparticles synthesised using microwave assisted method are of high 

purity.The formation of nano crystalline, spherical silver nanoparticles is attributed to the green synthesis route employed. 

 

 

Figure -6 Powdered XRD of Microwave assisted Silver nanoparticles 

 

3.3.5 Morphological Studies of Silver nanoparticles (TEM analysis) 

The transmission electron micrograph (TEM) of silver nanoparticles synthesised from single molecular precursor of silver 

(I) complex is presented in figure-7. The image clearly reveals the formation of well-dispersed, predominantly spherical 

nanoparticles. The particle dimensions, including thickness and radius, were quantitatively estimated using Gatan Digital 

Micrograph software. The corresponding fast Fourier Transform (FFT) pattern as shown in figure.7, exhibits distinct and 

sharp diffraction spots, indicative of the high crystallinity of the synthesised silver nanoparticles. Furthermore, the well-

defined lattice fringes observed in the high - resolution TEM(HRTEM) images confirm the crystalline nature at the atomic 

scale. The alternating dark & bright contrast of the fringes is consistent with the presence of periodic atomic arrangements, 

further validating the excellent crystalline quality of the silver nanoparticles. TEM images further revealed that the 

synthesised silver nanoparticles were well -dispersed and not agglomerated into clusters. The particles were separated by 

relatively uniform interparticle distances, indicating effective control over nucleation and growth processes. This spatial 

separation was clearly observed under high resolution TEM, supporting the formation of discrete, uniformly distributed 

nanoparticles with minimal aggregation. 

 

 

 

 
Figure 7– TEM Images of Microwave assisted silver nanoparticles derived from macrocyclic silver (I) complex 

 

3.3.6 Energy -dispersive X-ray spectroscopy (EDX)- 

EDX analysis of silver nanoparticles confirmed the presence of key constituent elements -carbon (C), nitrogen(N), sulphur 

(S) and silver (Ag) consistent with the proposed molecular structure of silver (I) complex. In addition, these elements, trace 

amount of chlorine (Cl) and calcium (Ca) were also detected. These are likely attributed to interactions with solvents during 

the refluxing and recrystallization steps employed for the purification of the complex prior to its use in the green synthesis 
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of silver nanoparticles. TEM micrographs showed that silver nano particles were not accumulated in clusters but they were 

separated by equal space which was proved by microscopy visualizing under the high resolution microscope. 

 

 
 

Figure –8 EDX Spectra of Microwave assisted Silver nanoparticles 

 

3.3.7 Scanning Electron Microscopic analysis of silver nanoparticles- 

Scanning Electron Microscopy (SEM) analysis was performed to examine the surface morphology and structural features 

of the green-synthesized silver nanoparticles. The SEM micrographs revealed that the nanoparticles were well-dispersed, 

exhibiting a versatile and predominantly oval-shaped morphology. These nanoparticles were synthesized by microwave 

irradiation of an ethanolic solution of the Ag(I) complex. Notably, the presence of ethanol as a solvent did not alter the 

morphology of the nanoparticles; however, it played a critical role in initiating the nucleation process, thereby facilitating 

the formation of silver nanoparticles. Furthermore, the SEM images demonstrated that the resulting silver nanoparticles 

were assembled into a loosely packed, quasi-linear arrangement, in contrast to the dense, closely packed configurations 

typically observed in conventional synthesis routes. This open structural assembly may have implications for enhanced 

surface area and potential functional applications in catalysis or sensing. 

 

 
Figure -9 SEM micrographs of   Microwave assisted silver nanoparticles 

 

3.3.8 Thermogravimetric Analysis (TGA) 

Thermogravimetric analysis (TGA) was performed to investigate the thermal stability and decomposition pattern of the 

synthesized silver (I) complex and its corresponding ligand. The TGA thermogram of the silver (I) complex shows distinct 

weight loss steps, initiating at 240.16 °C, followed by successive decomposition events at 251.21 °C and 279.30 °C, 
indicating a multi-step thermal degradation process. Comparative analysis of the decomposition profiles reveals that the 
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silver (I) complex decomposes at significantly higher temperatures than its free ligand, suggesting enhanced thermal 

stability due to complexation. The TGA curve of the silver (I) complex exhibits a weight loss of 2.758 mg in the temperature 
range of 240–280 °C, corresponding to a calculated mass loss of 117.26%, which likely includes overlapping or consecutive 
decomposition events. In contrast, the TGA curve of the ligand displays multiple degradation steps with weight losses of 

7.26 mg, 6.68 mg, and 7.36 mg, over corresponding temperature ranges, reflecting its lower thermal stability and stepwise 

breakdown. These results confirm that coordination with silver(I) imparts increased thermal resistance to the ligand, 

attributed to metal–ligand bonding interactions that stabilize the complex against thermal decomposition. 
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Figure – 10 TGA graph of Silver (I) complex 

 

3.3.9 Antioxidant Activity via DPPH Radical Scavenging Assay 

The antioxidant potential of the synthesized compounds was evaluated using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 

radical scavenging assay, a well-established method for assessing free radical scavenging efficiency. The stable DPPH 

radical exhibits a characteristic deep violet colour, which undergoes a stoichiometric loss of colour upon reaction with a 

reducing agent or antioxidant. This decolorization is attributed to the pairing of electrons with the DPPH radical, and the 

degree of colour loss is directly proportional to the number of electrons accepted. The decrease in absorbance due to the 

reduction of DPPH radical3.3.9s by the test compound or standard (ascorbic acid) was measured spectrophotometrically 

using a UV-Visible spectrophotometer, and the results were used to calculate the IC₅₀ values—the concentration required 

to inhibit 50% of the DPPH radicals. 

 

It is well established that compounds exhibiting lower IC₅₀ values are more potent free radical scavengers, indicating higher 

antioxidant potential. In the present study, the compound designated as Ag(I) complex demonstrated noteworthy 

antioxidant activity, confirming its ability to quench DPPH radicals. Among the tested compounds, the Ag(I) complex 

exhibited the lowest IC₅₀ value of 54.24μg/mL, suggesting significant antioxidant activity. However, its activity was still 
slightly lower than that of the standard antioxidant ascorbic acid, which exhibited an IC₅₀ value of 21.64 μg/mL under 
identical experimental conditions. These findings support the conclusion that both the Ag(I) complex possess appreciable 

antioxidant potential, with the Ag(I) complex showing relatively higher efficacy among the tested metal-based compounds. 
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Table 2. Percentage DPPH free radical inhibition activity by standard ascorbic acid at various concentrations. 

  

S.No.  Concentration 
in µg/ ml  

Absorption at 
517nm  

Percentage 
inhibition  

IC50  

1.  0  0  0    
  

21.63823  
2.  20  0.552  42.01681  
3.  40  0.321  66.28151  
4.  60  0.225  76.36555  
5.  80  0.112  88.23529  
6.  100  0.098  89.70588  

 

Table 3. Percentage DPPH frees radical inhibition activity by Schiff base at various concentrations. 

  

S.No.  Concentration in µg/ ml   Absorption at 517nm  Percentage 
inhibition  

IC50  

1.  0  0  0    
  
52.83  

2.  20  0.568  30.88235  
3.  40  0.489  40.33613  
4.  60  0.325  48.63445  
5.  80  0.223  65.86134  
6.  100  0.658  76.57563  

 

Table 4. Percentage DPPH frees radical inhibition activity   of Silver nanoparticles at various concentrations. 

  

S.No.  Concentration in µg/ 
ml  

Absorption at 517nm  Percentage 
inhibition  

IC50  

1.  0  0  0    
  
54.25  

2.  20  0.573  32.882  
3.  40  0.492  43.3362  
4.  60  0.345  49.63446  
5.  80  0.253  68.86134  
6.  100  0.668  77.57683  
  

Mechanism of Antioxidant Activity of Synthesized Compounds 

The antioxidant activity of the synthesized compounds was evaluated using the DPPH (2,2-diphenyl-1-picrylhydrazyl) 

radical scavenging assay. The DPPH molecule possesses an unpaired electron on the nitrogen atom, which is responsible 

for its characteristic absorbance at 517 nm and the appearance of a deep purple colour in solution. Upon interaction with 

an antioxidant, the DPPH radical accepts a hydrogen atom or an electron, resulting in a decrease in absorbance and a 

gradual fading of the purple coloration. 

 

This decolorization reflects the scavenging capacity of the antioxidant compounds. The extent of the reaction can be 

quantitatively measured by monitoring the reduction in absorbance at 517 nm. To assess the reversibility of the reaction, 

DPPH-H is added at the end. An increase in the remaining percentage of DPPH radical at the plateau suggests a reversible 

reaction, while a lack of increase indicates a complete and irreversible reaction. The DPPH assay, therefore, provides a 

reliable estimate of the hydrogen-donating ability of a compound. Greater decolorization corresponds to higher antioxidant 

activity, which is expressed as a lower IC₅₀ value. Thus, compounds with lower IC₅₀ values are considered to have stronger 
free radical scavenging potential. 

 

3.3.10 Anti-inflammatory Activity: Inhibition of Protein Denaturation 

Protein denaturation is a biochemical process in which proteins lose their secondary and tertiary structures due to external 

stressors such as heat, acids, alkalis, organic solvents, or salts. This structural disruption often leads to a loss of biological 

function. Denatured proteins are known to act as inducers of inflammation, making protein denaturation assays a useful 

method for evaluating the anti-inflammatory potential of pharmacological agents. 
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In the present study, the anti-inflammatory activity of the synthesized ligand, its Silver(I) complex and silver nanoparticles 

was evaluated using the heat-induced albumin denaturation assay. The assay is based on the principle that agents capable 

of inhibiting thermally-induced protein denaturation possess anti-inflammatory properties. 

 

The results demonstrated that the tested samples exhibited significant inhibition of albumin denaturation: The Silver(I) 

complex showed 65.9% inhibition at a concentration of 100 μg/mL .& silver sulphide nanoparticles showed 64.1% of 
inhibition at the same concentrations. In comparison, the standard anti-inflammatory drug Aspirin exhibited 70.7% 

inhibition at the same concentration. These findings suggest that the Silver(I) complex exhibits a comparable anti-

inflammatory effect to Aspirin, thereby indicating its potential as an effective anti-inflammatory agent. 

 

Table 5. Percentage inhibition of proteinase activity of Schiff base ligand against standard aspirin drug. 

S.No.  Compounds  Concentration in 
µg/ml  
  

Absorption at 210 nm  Percentage 
inhibition  

1.  Control  100  0.733  0 %  
2.  Aspirin  100  0.216  70.53 %  
3.  Schiff base ligand  100  0.406  54 %  
4.  Silver(I)   Complex  100  0.706  65.9 %  
5.  Silver sulphide 

nanoparticles  
100  0.726  64.1 %  

 

3.3.11 In Vitro Cytotoxic Activity of compounds 

The cytotoxic potential of the synthesized ligand, its corresponding Ag(I) complex, and microwave-assisted silver sulphide 

nanoparticles was assessed against MCF-7 human breast cancer cell lines using the MTT assay (3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyl tetrazolium bromide). The MCF-7 cells were procured from the National Centre for Cell Science (NCCS), 

Pune, and cultured under standard conditions. The assay evaluates mitochondrial activity as an indicator of cell viability, 

proliferation, and cytotoxicity. The cytotoxicity was tested across a concentration gradient (7.8–1000 μg/mL), with 
doxorubicin employed as the standard chemotherapeutic reference. The cell viability was inversely proportional to the 

concentration of the test compounds, confirming a dose-dependent cytotoxic response. Among the tested compounds, silver 

nanoparticles exhibited the highest cytotoxicity, followed by the Ag(I) complex, whereas the free ligand showed relatively 

lower activity. This enhanced cytotoxicity of the silver nanoparticles is attributed to their nanoscale dimensions, increased 

surface area, and efficient cellular internalization, which enhances interaction with intracellular targets and facilitates 

reactive oxygen species (ROS) generation, leading to cellular apoptosis. Additionally, the coordination of silver with the 

curcumin-based ligand improves bioavailability and stability, further amplifying anticancer potential. These results are in 

agreement with previous reports indicating the non-toxic and biocompatible nature of Ag NPs, and their promising 

applicability in targeted cancer therapy and diagnostics.[28] 

 

Table -6 In Vitro Cytotoxic Activity of Silver complex derived from macrocyclic ligand & microwave -assisted 

silver nanoparticles 

 

Test 

substance 

 

Concentratio

n on (µg/ml) 

% of viability after 

treatment (Mean ± 

SD) 

% of cell 

cytotoxicity after 

treatment 

(Mean ± SD) 

 

CTC50 

 

 

 

 

Silver (I) complex 

 

1000 11.65 ± 0.51 88.35 ± 0.51  

 

 

487.56±2.42 

500 24.31 ± 1.80 75.69 ± 1.80 

250 38.73 ± 2.67 61.27 ± 2.67 

125 68.35 ± 3.26 31.65 ± 3.26 

62.5 81.87 ± 2.79 18.13 ± 2.79 

31.25 89.89 ± 2.64 10.11 ± 2.64 

15.625 95.32 ± 2.54 4.68 ± 2.54 

7.8 

 

98.54 ± 1.63 1.46 ± 1.63 

Silver 

nanoparticles 

1000 11.75 ± 0.51 89.35 ± 0.51 248±2.66 

500 25.31 ± 1.80 76.69 ± 1.80 

250 39.73 ± 2.67 62.27 ± 2.67 
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125 69.35 ± 3.26 32.65 ± 3.26 

62.5 83.87 ± 2.79 19.13 ± 2.79 

31.25 90.89 ± 2.64 12.11 ± 2.64 

15.625 96.32 ± 2.54 4.69 ± 2.54 

7.8 

 

 

 

 

98.54 ± 1.63 1.49 ± 1.63 1.46 ± 1.63 

1000 47.65 ± 0.51 52.35 ± 0.51  

 

 

 

 

 

853.98±2.68 

500 66.31 ± 1.80 33.69 ± 1.80 

250 78.73 ± 2.67 21.27 ± 2.67 

125 82.35 ± 3.26 17.65 ± 3.26 

62.5 90.87 ± 2.79 9.13 ± 2.79 

31.25 95.89 ± 2.64 4.11 ± 2.64 

15.625 97.32 ± 2.54 2.68 ± 2.54 

 7.8 

 

99.54 ± 1.63 0.46 ± 1.63 
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Figure -11 Anticancer activities of ligand, Silver (I) complex & Microwave assisted Silver nanoparticles 

 

4. CONCLUSION 

 

Highly biologically active Ag NPs   were successfully synthesized via an eco-friendly microwave-assisted method using a 

silver(I) complex derived from a Schiff base ligand formed by the condensation of curcumin and thiosemicarbazide 

hydrochloride. This rapid and green synthesis approach utilizes microwave irradiation to efficiently decompose the Ag(I) 

complex, yielding well-defined spherical silver nanoparticles within a remarkably short reaction time. Morphological and 

structural characterizations confirmed that the size and shape of the resulting silver nanoparticles are significantly 

influenced by the concentration of the Ag(I) precursor complex. The microwave irradiation not only enhances the rate of 

decomposition of the silver complex but also minimizes side reactions, promoting the formation of uniform, fine-quality 

nanoparticles with consistent morphology. This method is simple, cost-effective, time-efficient, and environmentally 

sustainable, making it highly suitable for scaling up to industrial-level production of silver nanoparticles. Moreover, the 

biological evaluation of the synthesized silver nanoparticles revealed promising results, indicating potential applications in 

pharmaceutical and biomedical domains. Specifically, the AgNP’s exhibited notable antibacterial, antioxidant, and anti-

inflammatory activities, highlighting their promise as a multifunctional drug candidate for future therapeutic applications. 
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