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In present study, a novel Zr-Mg@N-doped reduced graphene oxide (N-rGO) nanocomposite was synthesized using a green, sustainable 

approach. Rutin, a natural polyphenolic flavonoid, was employed as a reducing and stabilizing agent, enabling the eco-friendly fabrication 

of the nanocomposite without the use of harsh chemicals. The synthesized material was thoroughly characterized using multiple 

techniques. UV-visible spectroscopy confirmed nanoparticle formation and optical properties; FT-IR analysis revealed the presence of 

functional groups associated with rutin and metal-oxygen bonds; XRD patterns indicated the crystalline nature of ZrO2 and MgO phases 

embedded within the rGO matrix; SEM and EDAX analyses confirmed the morphological features and elemental composition, while 

DLS and zeta potential measurements indicated good colloidal stability and moderate mono dispersity. The nanocomposite exhibited 

significant bacterial (Actinomyces israelii, Proteus vulgaris) and fungal (Candida albicans, Trichoderma) pathogens with increasing 

inhibition zones observed at higher concentrations. Antioxidant potential was evaluated via DPPH, H2O2 and NO assays, where the 

nanocomposite demonstrated dose-dependent free radical scavenging activity, attributed to the presence of rutin and synergistic metal-

oxide interaction. Overall, the synthesized Zr-Mg@N-rGO nanocomposite offers a multifunctional platform with potential applications 

in biomedical, environmental and optoelectronic fields. 
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INTRODUCTION 

 The swift progress in nanotechnology has significantly 

advanced the design of multifunctional materials tailored to 

meet essential demands in targeted drug delivery and therap-

eutic applications. Among these, bimetallic nanoparticles 

supported on carbon-based materials such as nitrogen-doped 

reduced graphene oxide (N-rGO) are emerging as highly 

effective drug carriers [1]. N-rGO provides a high surface 

area, tunable electronic properties and several functional 

groups, which enable the uniform dispersion and stabilization 

of bimetallic nanoparticles within its matrix [2,3]. 

 Integrating zirconium and magnesium into the N-rGO 

framework further enhances the performance of nanocarriers 

[4,5]. Zirconium offers exceptional biocompatibility, struct-

ural stability and corrosion resistance, crucial for maintaining 

carrier integrity during systemic circulation [6-9]. Magnesium 

imparts additional bioactivity and facilitates cellular inter-
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actions, promoting improved drug retention and targeted 

delivery efficiency [10]. Together, these metals synergize 

within the graphene matrix to create a stable and biologically 

responsive platform capable of enhancing drug loading and 

release profiles [11]. 

 The functionalization of graphene composite with rutin, 

a natural flavonoid known for its potent antioxidant and anti-

cancer properties, further augments the therapeutic potential 

of the nanocarrier [12]. Rutin contributes not only its intrinsic 

bioactivity but also improves the nanocomposite’s stability, 

biocompatibility and solubility, addressing challenges typically 

faced by bioactive compounds in clinical translation [13]. The 

novel rutin mediated Zr-Mg@N-rGO nanocomposite combines 

the unique properties of each component to facilitate efficient 

drug encapsulation, protection and controlled release, making 

it a promising candidate for next-generation targeted drug 

delivery systems [14-16]. This study systematically explores 

its synthesis, physico-chemical characterization and evaluates 
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its drug-carrying capabilities alongside in vitro therapeutic 

efficacy, highlighting its relevance for advanced biomedical 

applications. 

EXPERIMENTAL 

 Graphite powder (as precursor for graphene oxide synth-

esis), zirconium oxychloride octahydrate (ZrOCl2·8H2O) and 

magnesium acetate (Mg(CH3COO)2) served as source for 

zirconium and magnesium doping, respectively. Sodium hyd-

roxide and ammonium hydroxide (as nitrogen source), along 

with conc. suphuric acid and potassium permanganate, were 

utilized in the modified Hummers’ method for graphene oxide 

preparation. Rutin was used as a reference antioxidant in rele-

vant assays. Deionized water was employed throughout the 

experiments. The analytical grade chemicals and solvents were 

procured from reputable suppliers and used without further 

modification unless otherwise specified. 

 Synthesis of nitrogen-doped reduced graphene oxide 

(N-rGO): Graphene oxide (GO) was synthesized from 

graphite powder via a modified Hummers’ method [17], invol-

ving oxidation with conc. sulphuric acid and potassium per-

manganate, followed by thorough washing and exfoliation. For 

nitrogen doping, the obtained GO was dispersed in deionized 

water and mixed with ammonium hydroxide as a nitrogen 

source. The mixture was transferred to a Teflon-lined auto-

clave and subjected to hydrothermal treatment at 180 ºC for 

12 h, resulting in simultaneous reduction and nitrogen doping 

of GO. The product (N-rGO) was filtered, washed with water 

and dried at 60 ºC. Nitrogen doping was confirmed by FT-IR 

and EDAX elemental analysis. 

 Synthesis of metallic oxide (Zr/MgO2) nanoparticles: 

Rutin (0.05 g) dissolved in 50 mL of ethanol was added to 

ZrOCl2·8H2O/Mg(CH3COO)2·4H2O (0.2 M, 10 mL) solution 

under constant stirring at room temperature. A 1 M NaOH 

was then added gradually to adjust the pH to 10, initiating the 

co-precipitation of metallic hydroxide. The mixture was stirred 

for 6 h, during which rutin acted as a reducing and capping 

agent controlling particle growth. The precipitate was centri-

fuged, washed with water and ethanol, dried overnight at 80 ºC 

and calcined at 400 ºC for 3 h to obtain crystalline ZrO2/MgO 

nanoparticles [18,19]. 

 Synthesis of Zr-Mg@N-rGO nanocomposite: A weighed 

amount of N-rGO (0.2 g) was ultrasonicated in 100 mL of 

deionized water for 30 min to form a stable suspension [20]. 

Separately, 0.1 M Mg(CH3COO)2·4H2O and 0.1 M ZrOCl2·  

8H2O solutions were prepared in deionized water and added 

to the N-rGO suspension under stirring for uniform metal ion 

dispersion. Rutin dissolved in ethanol was added dropwise to 

the mixture. Co-precipitation was initiated by slowly adding 

1 M NaOH until the pH reached 9-11, causing zirconium and 

magnesium hydroxides to precipitate onto the N-rGO sheets 

along with rutin incorporation. The mixture was stirred for 4 h 

at room temperature or mildly heated (60-80 ºC) to enhance 

crystallinity. The precipitate was collected by centrifugation, 

washed with water and ethanol and dried under vacuum at 50 

ºC [21]. 

 Characterization: SEM (CARL ZEISS EVO 18) showed 

uniform particle distribution and prevented agglomeration, 

while XRD confirmed well-defined crystalline phases. FTIR 

(Perkin-Elmer Spectrum 2, 4000-400 cm−1) revealed the funct-

ional groups and EDX verified elemental composition and 

nitrogen doping of graphene. The UV-visible spectroscopy was 

performed using a Perkin-Elmer Lambda 35 spectrophotometer 

over the wavelength range of 190-1100 nm to confirm the 

presence of rutin and N-rGO. Dynamic light scattering (DLS) 

measurements were carried out using a Micromeritics Nano 

Plus instrument to determine the hydrodynamic particle size and 

assess colloidal stability, while zeta potential analysis confir-

med the high dispersion stability of the nanoparticles. 

 Biological assessments: The biological activities of the 

synthesized nanocomposites were evaluated through anti-

microbial and antioxidant assays. Antibacterial and antifungal 

properties were assessed using standard in vitro diffusion-

based methods. For antibacterial testing, agar well and disk 

diffusion techniques [22] were applied on nutrient agar plates 

inoculated with bacterial strains such as Proteus vulgaris and 

Actinomyces israelii. Clear inhibition zones after incubation 

at varying sample concentrations provided a quantitative mea-

sure of antibacterial potency. Antifungal activity was similarly 

tested on potato-dextrose agar plates seeded with Candida 

albicans and Trichoderma, with inhibition zones indicating 

antifungal effectiveness [23]. Gentamicin and amphotericin 

B served as positive controls for bacteria and fungi, respect-

ively. Antioxidant potential was determined via colorimetric 

assays [24] measuring the nanocomposites’ ability to scav-

enge free radicals and mitigate oxidative stress.  

RESULTS AND DISCUSSION 

 FT-IR spectrum of N-rGO: The FT-IR spectrum of 

N-rGO (Fig. 1) reveals several characteristic absorption bands 

that confirm the presence of key functional groups and succe-

ssful doping [25]. The broad absorption around 3444 cm−1 is 

attributed to O–H and N–H stretching vibrations, indicating 

the presence of hydroxyl groups and possible nitrogen cont-

aining functionalities introduced during doping [18]. The peak 

near 2070 cm−1 is typically assigned to C–H stretching vibra-

tions, which may arise from residual hydrocarbon chains or 

edge groups. The band at 1633 cm−1 is associated with C–N 

stretching, providing evidence for successful nitrogen doping 

into the graphene lattice. Finally, the peak at 713 cm−1 can be 

attributed to C–O stretching vibrations, indicating that some 

oxygen-containing groups remain after reduction. Overall, 

this FT-IR spectrum confirms the partial reduction of GO, the 

introduction of nitrogen functionalities and the retention of 

some oxygenated groups, all of which are consistent with the 

expected structure of N-rGO [26]. 

 EDX spectrum: The EDX spectrum for the N-rGO sample 

(Fig. 2) reveals the elemental composition of the material. 

The spectrum is dominated by a very strong peak for carbon (C), 

which is expected due to the graphene-based nature of the 

sample. A significant oxygen (O) peak is also present, indica-

ting the presence of residual oxygen-containing functional 

groups, which are common in reduced graphene oxide even 

after reduction and doping. A nitrogen signal is discernible in 

the spectrum; however, its intensity is relatively low, as nitrogen 

is typically present in minor concentrations and may partially  
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Fig. 1. FT-IR spectrum of N-rGO 

 

 
Fig. 2. EDX spectrum for N-rGO 

 

overlap with or appear weaker than, the dominant carbon and 

oxygen peaks. The absence of strong peaks for metals or other 

dopants suggests that the sample is primarily composed of 

carbon, nitrogen and oxygen, with minor contributions from 

other elements. Overall, this EDX spectrum confirms that the 

N-rGO sample is rich in carbon, contains a significant amount 

of oxygen and may have trace elements from the synthesis 

process or environment. The elemental composition supports 

the successful synthesis of N-doped reduced graphene oxide, 

with the expected dominance of carbon and the presence of 

oxygen and possible dopant or impurity elements [27]. 

 UV-visible spectra: Fig. 3 shows the UV-Vis absorption 

spectra of ZrO2, MgO and Zr-Mg@N-rGO nanocomposite. 

The synthesized Zr-Mg@N-rGO nanocomposite exhibits the 

characteristic peaks at 205 nm, 234 nm and 291 nm, reflecting 

the combined electronic transitions of nitrogen-doped reduced 

graphene oxide and metal oxides, respectively. The prominent 

peak at 205 nm is attributed to −* transitions within the conju-

gated graphene framework, confirming successful integration 

of N-rGO [28]. Additional absorption features at 234 nm and 

291 nm indicate the presence and electronic interactions of 

Zr and Mg oxide species within the composite. Compared to 

discrete Mg and Zr nanoparticles, which show absorption 

maxima at 206 nm and 203 nm, respectively, the spectral 

shifts of nanocomposite and enhanced absorbance intensities 

evidence strong interfacial coupling and synergistic effects 

between metal oxides and the graphene substrate, implicating 

improved optoelectronic properties and functionality [29]. 

 FT-IR spectra: The FTIR spectra of the ZrO2, MgO and 

Zr-Mg@N-rGO nanocomposite are presented in Fig. 4. The 

Zr-Mg@N-rGO spectrum features a broad peak at 3436 cm−1, 

corresponding to hydroxyl (–OH) group vibrations and  

 
Fig. 3. UV-vis spectra of ZrO2, MgO and Zr-Mg@N-rGO nanocomposite 

 

 
Fig. 4. FTIR spectra of ZrO2, MgO and Zr-Mg@N-rGO nanocomposite 

 

adsorbed moisture, indicating surface functionalization and 

hydrogen bonding. Peaks at 2980 cm−1 arise from aliphatic 

C–H stretching are likely associated with the residual organic 

groups from N-rGO. The absorption at 2093 cm−1 indicates 

the presence of C≡C or C≡N groups, confirming effective 

nitrogen doping within the graphene structure. Prominent 

bands at 1643 and 1452 cm−1 correspond to aromatic C=C 

stretching, demonstrating retention of the graphitic framework 

after synthesis. The peaks at 1046 and 878 cm−1 are attributed 

to C–O stretching and bending, respectively, highlighting the 

oxygen-containing functionalities that help nanoparticle anch-

oring. The metal–oxygen vibrations are evident in the finger-

print region with bands at 624 and 609 cm−1 representing Zr–O 

and Mg–O bonds, respectively [30]. 

 Morphology: Fig. 5 shows high-resolution SEM images 

ZrO2, MgO and Zr-Mg@N-rGO nanocomposite depicting 

the morphological characteristics. Zirconium nanoparticles 

exhibit irregular and angular morphologies with evident 

agglomeration and rough surface texture, indicative of high 

surface energy and particle-particle interactions [31]. MgO 

nanoparticles present a predominantly spherical and densely 
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packed arrangement with relatively uniform particle size distri-

bution, reflecting controlled nucleation and growth conditions 

during synthesis. The Zr-Mg@N-rGO nanocomposite reveals 

a heterogeneous morphology characterized by uniform disper-

sion of Zr and MgO nanoparticles anchored onto the wrink-

led, sheet-like architecture of N-rGO. The graphene substrate 

effectively inhibits nanoparticle aggregation by providing a 

high surface area platform, promoting enhanced metal oxide 

distribution and interfacial interactions. These morphological 

characteristics are intrinsically linked to the nanocomposite’s 

enhanced physico-chemical stability and provide a structural 

basis for its multifunctional performance, particularly in 

catalytic and drug-delivery applications [32]. 

 X-ray diffraction: Fig. 6 displays the XRD patterns of 

ZrO2, MgO and the Zr-Mg@N-rGO nanocomposite, revealing 

the characteristic crystalline phases of the individual compo-

nents and confirming their successful structural integration 

during synthesis. The ZrO2 nanoparticles exhibit multiple sharp 

diffraction peaks, confirming well-defined crystallinity aligned 

with monoclinic or tetragonal zirconia reference profiles. The 

MgO nanoparticles display intense reflections, notably around 

2θ ≈ 36º and 42º, characteristic of the cubic phase and indica-

tive of phase purity and high crystallinity [33]. For the Zr-

Mg@N-rGO nanocomposite, the pattern is dominated by highly 

intense, sharp peaks attributable to both ZrO2 and MgO, along 

with signals associated with the reduced graphene oxide matrix, 

demonstrating successful incorporation and homogenous 

dispersion of the metal oxides within the carbon scaffold. 

Enhanced peak broadening in the composite further suggests 

nanometric particle size and interfacial interactions, collec-

tively signifying a well-engineered hybrid structure with pre-

served and synergistic crystalline properties [34]. 

 

Fig. 5. SEM images of ZrO2, MgO and Zr-Mg@N-rGO nanocomposite 
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Fig. 6. XRD spectra of ZrO2, MgO and Zr-Mg@N-rGO nanocomposite 

 

 Energy dispersive X-ray analysis: The EDX spectra 

(Fig. 7) for ZrO2, MgO and Zr-Mg@N-rGO nanocomposite 

confirm the elemental composition and purity of each sample. 

The ZrO2 spectrum displays dominant peaks for zirconium 

(Zr) and oxygen (O), affirming the presence of ZrO2, with 

only minimal traces of chlorine likely from precursor residues 

[35]. The MgO spectrum reveals strong magnesium (Mg) and 

oxygen (O) peaks, alongside minor sodium (Na) and silicon 

(Si) signals, indicating high purity and successful formation 

of MgO nanoparticles. The Zr-Mg@N-rGO nanocomposite 

features prominent peaks for both Zr and Mg, along with 

substantial oxygen content and the appearance of a carbon 

(C) signal, which is characteristic of the Zr-Mg@N-rGO matrix. 

The combined and intense Zr and Mg peaks in the composite 

spectrum substantiate the effective integration of both metal 

oxides in the graphene framework. These findings collec-

tively validate the successful synthesis, compositional unifor-

mity and purity of the individual nanoparticles and the ternary 

nanocomposite [36]. Overall, these EDX results validate the 

elemental makeup and efficient integration in the designed 

nanomaterials. 

 Dynamic light scattering (DLS): The DLS data and 

autocorrelation function (ACF) plots provide insight into the 

particle size distribution and colloidal stability of ZrO2, MgO 

nanoparticles and the Zr-Mg@N-rGO nanocomposite [37]. 

For ZrO2 nanoparticles, the intensity distribution histogram 

shows a relatively narrow size distribution centered around 

approximately 65 nm (Fig. 8a), indicating a uniform particle 

population. The corresponding ACF decay curve exhibits a 

gradual decline, suggesting moderate colloidal stability with 

limited aggregation over the measured timescale. The MgO 

nanoparticles show a broader intensity distribution, with 

particle sizes spanning a wider range approximately from 30 

to 100 nm, indicating polydispersity and a less uniform size 

population. The ACF plots (Fig. 8b) similarly reveal consis-

tent decay over time, reflecting moderately good dispersion 

but with potential for slight particle aggregation or hetero-

geneity [38]. 

 In case of the Zr-Mg@N-rGO nanocomposite, the size 

distribution histogram is broader and more asymmetric, with 

particle diameters extending roughly from 30 to 120 nm. This 

wider distribution likely reflects the presence of metal oxide 

nanoparticles combined with graphene sheets, contributing to 

a complex hybrid structure. The ACF curve shows a steady 

decay similar to the individual nanoparticles, implying reason-

able colloidal stability of the composite suspension, despite 

the increased polydispersity [39]. Overall, the DLS and ACF 

results demonstrate that all three samples produce nanoscale 

particles with sufficient colloidal stability, with the Zr-Mg@ 

N-rGO nanocomposite exhibiting the most complex size profile 

due to its hybrid nature. This data supports the successful 

synthesis of well-dispersed nanoparticles suitable for further 

biomedical or catalytic applications [40]. 

 Zeta potential: Fig. 9 shows the zeta potential distribu-

tion plot of the Zr-Mg@N-rGO nanocomposite shows a sharp 

peak around +25 mV, indicating that the particles possess a 

moderate positive surface charge. Zeta potential is a key indi-

cator of colloidal stability; values above +25 mV or below –25 

mV generally represents good electrostatic repulsion between 

particles, minimizing aggregation. The positive charge may 

be attributed to surface functional groups introduced by Zr, 

Mg oxides or rutin capping, which help stabilize the nano-

particles in aqueous media. The presence of rutin, a poly-

phenolic flavonoid, can also contribute to stability via both 

electrostatic and steric hindrance. Thus, the observed zeta 

potential suggests that the nanocomposite has good colloidal 

stability, making it suitable for biological, environmental and 

catalytic applications where dispersion and surface inter-

action are critical [41]. 

 

 

Fig. 7. EDAX spectra of ZrO2, MgO and Zr-Mg@N-rGO nanocomposite 
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Fig. 9. Zeta potential curve of Zr-Mg@N-rGO nanocomposite 

 Antimicrobial activity: The antimicrobial activity of the 

Zr-Mg@N-rGO was clearly evidenced by the formation of 

substantial zones of inhibition against both selected bacterial 

(Actinomyces israelii, Proteus vulgaris) and fungal (Candida 

albicans, Trichoderma) pathogens when tested at varying 

concentrations of 500 g/mL and 250 g/mL (Fig. 10). At these 

higher concentrations, the mean diameters of inhibition zones 

ranged from 14.85 ± 0.21 mm to 15.6 ± 0.14 mm across all 

tested organisms, indicating a significant suppression of micro-

bial growth. In contrast, no inhibition zones were observed at 

lower concentrations of 100 g/mL and 50 g/mL, highlight-

ting the presence of a threshold effect where the antimicrobial 

 

Fig. 8. DLS (a) and ACF (b) plots of ZrO2, MgO and Zr-Mg@N-rGO nanocomposite 
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efficacy of the Zr-Mg@N-rGO nanocomposite is only subs-

tantial above a certain dose. However, the positive control 

consistently produced larger zones of inhibition (16.95 ± 0.35 

mm to 23.35 ± 0.49 mm), as expected for standard antibiotics 

or antifungal agents (Table-1). These comparative results 

indicate that although the synthesized nanocomposite does 

not fully match the potency of standard reference drugs, it 

approaches their effectiveness at higher concentrations [42,43]. 

The observed dose-dependence of the inhibition zones further 

emphasizes that the antimicrobial effect of the nanocompo-

site increases with concentration and is reproducible among 

both bacterial and fungal strains. 

 DPPH radical scavenging assay: The antioxidant capa-

city of the prepared Zr-Mg@N-rGO nanocomposite was 

evaluated by the DPPH radical scavenging assay, measured 

as a decrease in absorbance at 517 nm. The sample exhibited 

a concentration-dependent inhibition of DPPH radicals, with 

higher concentrations resulting in greater scavenging activity. 

The percent inhibition ranged from approximately 5.9% at 10 

g/mL to 48.4% at 500 g/mL, indicating moderate free radical 

neutralization potential compared to the positive control, 

ascorbic acid (Fig. 11), which showed over 96% inhibition 

[40]. The IC50 value of 36.27 g/mL reflects the antioxidant 

potency and shows a relatively strong radical scavenging 

ability, although lower than the standard antioxidant ascorbic 

acid. The fit of the curve was statistically robust, with a Hill 

slope of -1.97 and an R2 of 0.955, indicating a high degree of 

reliability in the IC50 estimate [45]. Thus, the results demonstrate 

 
Fig. 11. DPPH radical scavenging results of Zr-Mg@N-rGO 

 

that the Zr-Mg@N-rGO nanocomposite possesses significant 

antioxidant activity, as supported by its capacity to effectively 

reduce stable free radicals in the DPPH assay [45]. 

 Hydrogen peroxide scavenging assay: The results display 

in Fig. 12, a concentration-dependent increase in antioxidant 

activity of the Zr-Mg@N-rGO nanocomposite. At each tested 

concentration, the percentage of inhibition reflects the effec-

tiveness of the sample in neutralizing hydrogen peroxide. The 

ability of the sample to neutralize H2O2 was assessed based 

on the reduction in absorbance at 230 nm following incubation 

with varying concentrations of the nanocomposite. The control 

(phosphate buffer containing H2O2) exhibited a mean optical 

density of 0.352 and was used as baseline. The nanocomposite 

demonstrated a dose-dependent H2O2 scavenging activity, with  

 

Fig. 10. (a) Antibacterial activity and (b) antifungal activity results of Zr-Mg@N-rGO nanocomposite 

 

TABLE-1 

ANTIMICROBIAL EFFICACY AND ZONE OF INHIBITION DATA OF Zr-Mg@N-rGO NANOCOMPOSITE 

 Test organism 
Zone of inhibition (mm), Mean ± SD  

500 g/mL 250 g/mL Positive control 

Bacterial 
Actinomyces israelii 15.35 ± 0.21 14.85 ± 0.21 16.95 ± 0.35 

Proteus vulgaris 15.6 ± 0.14 15.1 ± 0.14 23.35 ± 0.41 

Fungal 
Candida albicans 15.35 ± 0.21 14.85 ± 0.21 16.95 ± 0.35 

Trichoderma 15.6 ± 0.14 15.1 ± 0.14 23.35 ± 0.49 
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Fig. 12. H2O2 activity scavenging results of Zr-Mg@N-rGO 

 

inhibition increasing from 53.13% at 10 g/mL to 65.72% at 

500 g/mL. The calculated IC50 value was 123.0 g/mL, indi-

cating moderate antioxidant efficacy. Ascorbic acid, as positive 

control, showed the highest inhibition (69.32%), confirming 

the assay sensitivity. The concentration-dependent response 

substantiates the reproducibility and reliability of the anti-

oxidant activity [46]. 

 Nitric oxide radical scavenging assay: Nitric oxide 

scavenging activity was evaluated by measuring the reduction 

in absorbance at 540 nm following reaction with the Griess 

reagent. The control exhibited a mean OD of 1.2583. The Zr-

Mg@N-rGO nanocomposite showed a clear dose-dependent 

inhibition of nitric oxide generation (Fig. 13), evidenced by 

progressively decreasing absorbance with increasing concen-

tration [47]. An IC50 value of 68.74 g/mL was obtained, indi-

cating a relatively strong NO scavenging capacity. This result 

underscores the effective antioxidant potential of synthesized 

nanocomposite and suggests possible anti-inflammatory acti-

vity, consistent with reported effects of plant-derived antioxi-

dants in alleviating nitrosative stress [48-50]. 

 

 
Fig. 13. Nitric oxide activity results of Zr-Mg@N-rGO 

 

Conclusion 

 The present study successfully demonstrated the synth-

esis of zirconium oxide and magnesium oxide nanoparticles 

and their hybrid nanocomposite with nitrogen-doped reduced 

graphene oxide. The integration of metal oxide nanoparticles 

within the graphene framework resulted in a structurally stable 

material with improved dispersion and synergistic properties. 

The nanocomposite exhibited notable antimicrobial and anti-

oxidant activities, highlighting its multifunctional nature. These 

findings indicate that the Zr-Mg@N-rGO nanocomposite is a 

promising candidate for advanced biomedical and environ-

mental applications, and the study provides a useful strategy 

for designing graphene-based hybrid nanomaterials with 

enhanced functional performance. 
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