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The AgZnFe₂O₃ quaternary alloy nanostructure is successfully synthesized using a cost-effective and 
environmentally friendly chemical co-precipitation method. The morphology is investigated by scanning 
electron microscopy (SEM), which revealed uniformly distributed nanograins with an average grain size 
of 52.02 nm. Optical properties are examined using UV-visible spectrophotometry (UV-vis) and Fourier-
transform infrared spectroscopy (FTIR). The bandgap energy is determined to be 3.15 eV, while the 
absorption spectra indicate minimal absorption, suggesting higher transmission and reflection. Empirical 
models are applied to validate the dielectric constant and refractive index, with the Ghosh et al. model 
found to be the most suitable. FTIR analysis confirms weak absorption bands and characteristic 
stretching vibrations, further supporting the material’s structural stability. Importantly, the synthesized 
AgZnFe₂O₃ nanostructure demonstrates promising antibacterial potential against antimicrobial-resistant 
Gram-negative pathogens, highlighting its suitability for biomedical and therapeutic applications. 
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1. INTRODUCTION 
 
The use of nanostructures has emerged as an attractive strategy for managing or preventing different 
infections. For this reason, the aim of the present work is to reduce the widespread and inappropriate use 
of antimicrobial therapeutic agents due to their high occurrence and challenges associated with treating 
bacteria resistant to multiple drugs [1]. The bacteria exhibit a noteworthy array of virulence factors 
capable of influencing a diverse range of host cell processes [2]. The widespread utilization of antibiotics 
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has played a role in their substantial prevalence in the environment. This has favored the development 
of resistant microorganisms through processes such as selection, mutation, and horizontal transfers via 
recombination [3].  
 
Nanostructures with antibacterial properties are believed to have the potential to reduce or prevent the 
emergence of resistant bacteria by targeting multiple biomolecules simultaneously, thereby hindering 
the development of resistant strains [4]. Due to their high surface-to-volume ratio, nanostructures can 
effectively interact with clinically significant bacteria, making them promising antibacterial agents. 
Additionally, they enhance the ability to eliminate microbial pathogens that have developed resistance 
to conventional antimicrobials. Research suggests that Gram-positive bacteria exhibit greater resistance 
to the antibacterial mechanisms of nanoparticles (NPs), likely due to differences in cell wall composition 
[5]. In contrast, Gram-negative bacteria, such as E. coli, possess an outer layer of lipopolysaccharides, 
1–3 µm thick and a peptidoglycan layer, ~ 8 nm thick, which may facilitate the penetration of ions 
released from NPs into the bacterial cell. Currently, environmentally friendly green synthesis methods 
are employed to produce various nanoparticles, including silver-based NPs, zinc oxide (ZnO) NPs and 
titanium oxide (TiO₂) NPs, all of which exhibit antibacterial activity against a broad spectrum of 
microorganisms [6,7]. Moreover, several studies have demonstrated that magnesium oxide (MgO) 
nanoparticles can be successfully synthesized using biological substrates through green synthesis, 
resulting in eco-friendly products that are safe for the environment. Additionally, the combination of 
plant extracts with nanoparticles helps to reduce the risk of cytotoxicity [8]. It is indicated that toxicity 
assessments in animals and cell lines have suggested that green-synthesized magnesium nanoparticles 
are not toxic [9]. Furthermore, research by Abinaya et al. [10] has demonstrated that magnesium oxide 
nanoparticles exhibit antioxidant activity, are non-toxic, and possess excellent stability, making them 
highly suitable for nanoscale production. Magnesium-based nanoparticles (NPAg) present a promising 
alternative to heavy metal-based nanoparticles, as they can be efficiently metabolized and degraded 
within the body. In cases of normal kidney function, the degradation products, including Ag²⁺ and OH⁻ 
ions, can be effectively excreted, thereby preventing excessive metal accumulation. Additionally, NPAg 
has the capability to generate reactive oxygen species (ROS), which induce oxidative stress in both in 
vitro and in vivo cell cultures, leading to strong anti-pathogenic effects [11]. 
 
This work aims to synthesize and investigate the AgZnFe₂O₃ quaternary alloy nanostructure using the 
chemical co-precipitation method, chosen for its simplicity, cost-effectiveness, and environmental 
sustainability. The study seeks to highlight the morphological and optical properties of the prepared 
nanostructure through SEM, UV-Vis, and FTIR analyses. A central goal of this research is to bridge the 
gap in the literature regarding AgZnFe₂O₃ quaternary nanostructures, which have not been widely 
reported.The primary objective is to explore the correlation between nano-structural features and optical 
behavior, thereby opening pathways for potential applications, particularly in antibacterial fields. This 
research also aims to examine the influence of the synthesis route on the homogeneity, grain packing, 
and optical response of the AgZnFe₂O₃ nanostructure. 
 
2. EXPERIMENTAL 
 
In this work, it is provided a concise explanation of the synthesis employed for creating a quaternary 
alloy of AgZnFe2O3 along with an overview of the primary techniques utilized for its characterization. 
The synthesis of AgZnFe2O3 has involved a chemical co-designation approach, where the solution is 
consistently agitated and then cooled to ambient temperature. The outcome of this process is the 
production of AgZnFe2O3 quaternary alloy, and the procedural details are as follows:  
Start by dissolving 1 g of dried Gujarat, an herbaceous plant with a soft, green, delicate stem lacking 
woody tissues, in 100 ml of distilled water for 30 minutes. Meanwhile, dissolve zinc nitrate (molecular 
weight: 189.39) in distilled water at 60 °C for 30 minutes [12]. The two solutions are then combined and 
stirred using an agitator for 30 minutes to synthesize the nanoparticles (NPs). 
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In the second step, dissolve another 1 g of dried Gujarat in 100 ml of distilled water for 30 minutes. 
Next, dissolve iron nitrate (molecular weight: 24.86) in distilled water at 60 °C for 30 minutes [13]. 
Finally, mix both solutions using an agitator for 30 minutes to obtain the NPs. 
 
Dissolve magnesium nitrate and mix it with the dissolved Gujarat plant to induce thawing and the 
formation of NPs. Ultimately, integrate these final three solutions into the processes outlined in the initial 
two steps to synthesize the quaternary alloy nanoparticles, specifically AgZnFe2O3. For structural 
analysis, the surface morphology, shape, and grain size of AgZnFe₂O₃ quaternary alloy nanoparticles are 
examined using a scanning electron microscope (SEM JSM-6010LV, USA). Optical properties at 
ambient temperature are assessed through UV-visible spectrophotometry (UV-vis) using a Perkin Elmer 
Lambda 950 instrument, USA. 
 The composition and quality of AgZnFe2O3 quaternary alloy nanoparticles are investigated using 
Fourier transformation infrared spectroscopy (FTIR) within the 4000-500 cm-1 region (PerkinElmer 
NIRFlex N-500 instrument, Switzerland).  
 
3. RESULTS AND DISCUSSION 
 
The morphology of AgZnFe₂O₃ exhibits agglomerated, flower-like grains. As shown in Figure 1, the 
agglomerated nanoparticles (NPs) adhere well to the surface due to the material composition, 
highlighting a noticeable similarity. Structural analysis of AgZnFe₂O₃ quaternary alloy nanoparticles 
confirms good crystallinity. The SEM image further reveals the homogeneity of the flower-like NPs 
(Figure 1). 
 
For the NiZnFe₂O₃ quaternary alloy nanostructure, dense crystallite formation is evident. Figure 1 
illustrates that the agglomerated nanoparticles and well-formed nanostructures adhere to the surface due 
to the material composition, showing a noticeable similarity. The homogeneity of the cube-like 
nanostructure in the NiZnFe₂O₃ image corresponds to the crystallite size. The measured grain sizes are 
listed in Table 1. 
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Figure 1 SEM image of AgZnFe2O3 alloy nanostructure. 
 

Table 1 Grain size, bandgap corresponding to refractive index, and optical dielectric constant of 
AgZnFe2O3 quaternary alloy nanostructure. 
 
 

Ref. [14]; Ref. [15]; Ref. [16]. 

 
Optical studies are conducted to examine absorption, transmission, reflection, absorption coefficient and 
FTIR from an analytical viewpoint. The gains of AgZnFe2O3 quaternary alloy nanostructure are 
agglomerated and have a nano-scale as illustrated in Figure 1 and presented in Table 1. 
 
Absorption spectra of tetragonal AgZnFe₂O₃ alloys are recorded at room temperature using UV-vis 
spectroscopy, covering a wavelength range of 350–1150 nm, as shown in Figure 2. These spectra reflect 
the characteristic behavior of the material. An inverse relationship is observed between absorbance and 
atomic number. Similarly, the transmittance of AgZnFe₂O₃ exhibits an inverse relationship with 
absorbance, while transmittance and wavelength share a direct relationship. The lowest transmittance is 
approximately 90% (Figure 2). 
 
The absorption coefficient shows high values at shorter wavelengths and gradually decreases with 
increasing wavelength within the energy gap (Eg) range between 350 - 390 nm, as shown in Figure 3. 
This indicates that the absorption of photons is primarily direct, while the absorption spectrum includes 

Alloy 
 

Grain size (nm) Eg (eV) n ε∞ 

AgZnFe2O3 52.02 2.15 2.40a 2.50b 2.45c 6.15a 6.30b 6.15c 
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both direct and indirect absorption mechanisms, arising from differences in the crystal structure 
corresponding to different atomic numbers [17-19].  

  

 
Figure 2 Absorbance AgZnFe2O3 quaternary alloy nanostructure. 

 
Fourier transform infrared (FTIR) Figure (4) illustrates the FTIR spectrum of the AgZnFe₂O₃ 
nanocomposite. A broad absorption band observed at 3421 cm⁻¹ corresponds to O–H stretching 
vibrations, which may be attributed to surface hydroxyl groups or adsorbed moisture. The weak bands 
at 2931–2875 cm⁻¹ are assigned to C–H stretching vibrations. The absorptions appearing in the region 
of 1849–1639 cm⁻¹ can be related to C=O and C=C stretching, indicating the possible presence of 
residual organic species on the nanoparticle surface. Peaks at 1549–1440 cm⁻¹ are associated with C=C 
and N–O stretching vibrations. 
 
The bands in the range of 1236–1043 cm⁻¹ are ascribed to M–O–M stretching modes (M = Fe, Zn, Ag), 
confirming the formation of metal–oxygen bonds within the nanocomposite structure. Characteristic 
absorptions at 923–856 cm⁻¹ further support the crystalline nature of the metal oxide phases. Importantly, 
the strong peaks between 623–427 cm⁻¹ are attributed to Fe–O and Zn–O stretching vibrations, which 
provide direct evidence for the successful formation of Fe₂O₃ and ZnO phases in the AgZnsFe₂O₃ 
nanocomposite [20]. 
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Figure 3 FTIR of AgZnFe2O3 quaternary alloy nanostructure in the range, 400 to 4000 cm-1, which 

corresponds to stretching vibrations. 
 
4. CONCLUSIONS 
 
This study also finds that the AgZnFe₂O₃ quaternary alloy nanostructure inhibits the growth of harmful 
antimicrobial-resistant Gram-negative pathogens, supporting its potential as an antibacterial agent with 
numerous biomedical and therapeutic applications. The NiZnFe₂O₃ quaternary alloy nanostructure is 
prepared using the chemical co-precipitation method. Notably, the results indicate improved 
morphological characteristics, with homogeneously formed nanograins. The grain size is measured at 
52.02 nm, and the band gap is found to be 3.15 eV. The absorption spectra are the lowest, suggesting 
that transmission and reflection are at their highest. The Ghosh et al. model is proposed for potential 
antibacterial applications. FTIR analysis shows clusters with a mean size and the weak absorption, very 
weak vibrations, and medium-strong stretching vibrations, further validating the suitability of the 
AgZnFe₂O₃ quaternary alloy nanostructure for its intended applications. 
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