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Abstract:  

In this work, MgO–Bi2₋xAgxO3 nanocomposites with different silver contents (x = 0.00, 0.03, 0.05, and 0.07) were synthesized using a simple solvent-deficient 

method. The structural, optical, morphological, and antibacterial properties of the prepared materials were systematically investigated. X-ray diffraction analysis 

confirmed that all samples crystallized in the monoclinic α-Bi2O3 phase, with no detectable secondary phases related to MgO or AgO, suggesting that these 

components were either highly dispersed or present in an amorphous form. The average crystallite size was found to increase with Ag content up to x = 0.05, 

followed by a slight decrease at x = 0.07. Scanning electron microscopy revealed agglomerated particles with relatively uniform distribution, while silver doping 

led to noticeable improvements in surface morphology. Energy-dispersive X-ray spectroscopy confirmed the presence of Mg, Bi, O, and Ag in compositions close to 

the intended stoichiometry. Optical studies based on UV–visible spectroscopy showed that the optical bandgap decreased slightly with increasing Ag content, with 

values of 3.14, 3.13, 3.10, and 3.11 eV for x = 0.00, 0.03, 0.05, and 0.07, respectively. These changes were attributed to the introduction of Ag-related impurity states 

within the band structure. The antibacterial activity of the nanocomposites was evaluated against both Gram-negative and Gram-positive bacteria using the disc 

diffusion method. Silver-doped samples exhibited enhanced antibacterial performance compared with the undoped material, with the highest activity observed 

for the Ag-containing nanocomposites. Notably, inhibition zones exceeding 23 mm were recorded against Gram-negative bacteria, highlighting the strong 

antibacterial effect associated with Ag incorporation. Overall, the results demonstrate that MgO–Bi2₋xAgxO3 nanocomposites prepared by the solvent-deficient 

method possess promising structural, optical, and antibacterial properties, making them potential candidates for applications in medical and environmental fields. 
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1. Introduction 

In recent years, nanomaterials have attracted considerable attention 

because of their unique physical and chemical properties, which differ 

markedly from those of their bulk counterparts [1, 2]. Owing to their 

reduced dimensions, high surface-to-volume ratio, and tunable surface 

characteristics, nanoparticles often exhibit enhanced optical, electrical, and 

antibacterial behaviors. These features make nanotechnology a powerful 

tool for improving the performance of inorganic materials, particularly in 

applications related to antimicrobial activity and environmental protection 

[2]. 

Magnesium oxide (MgO) is a wide-bandgap semiconductor that 

typically crystallizes in a cubic structure and exhibits high thermal and 
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chemical stability [3]. Mg ionic radii is 0.72 Å and it has +2 oxidation state 

[4, 5]. In its bulk form, MgO has a large bandgap of approximately 7.8 eV, 

which limits its direct application in optoelectronic devices. However, when 

reduced to the nanoscale, the bandgap decreases significantly, often 

reaching values around 5 eV, thereby improving its optical activity [6]. MgO 

nanoparticles are also known for their strong surface reactivity and 

catalytic properties, as well as their effectiveness against a broad range of 

Gram-positive and Gram-negative bacteria [7, 8]. Importantly, MgO shows 

relatively low toxicity toward mammalian cells compared with many other 

metal oxides, which makes it an attractive candidate for biomedical and 

pharmaceutical applications [9, 10]. As a result, increasing effort has been 

devoted to the synthesis of MgO-based nanoparticles and nanocomposites 

for advanced technological uses [11].  

The antibacterial activity of MgO nanoparticles is commonly attributed 

to the generation of reactive oxygen species, particularly superoxide 

radicals. These species form when oxygen molecules interact with the 

nanoparticle surface and can disrupt bacterial cell membranes by damaging 

proteins and phospholipids, ultimately leading to cell death [12]. Despite 

these advantages, the optical response and antibacterial efficiency of MgO 

alone remain limited, motivating the development of composite systems 

that combine MgO with other functional oxides. 

Bismuth oxide, also known as bismuth trioxide (Bi2O3), is a yellow 

chemical compound [5]. Bi2O3 is another material of significant interest due 

to its narrow bandgap and versatile physical properties. It exists in several 

polymorphic forms (α, β, γ, δ, ε, and ω), with the monoclinic α-Bi2O3 phase 

being the most stable at relatively low temperatures [13, 14]. Bi2O3 is a p-

type semiconductor with a direct bandgap of approximately 2.85 eV, 

making it responsive to visible light [15, 16]. At the nanoscale, Bi2O3 exhibits 

notable photoluminescence, high dielectric permittivity, good ionic 

conductivity, and strong catalytic activity, while remaining largely non-

toxic [17-20]. These characteristics have enabled its use in a wide range of 

applications, including gas sensors, optical coatings, photovoltaic devices, 

optoelectronics, and photocatalysis [21-24]. Moreover, Bi2O3 has 

demonstrated promising antibacterial activity, further expanding its 

potential utility [25-27].  

Several studies have shown that combining Bi2O3 with other metal 

oxides can significantly improve its photocatalytic and antibacterial 

performance. For example, Bi2O3-MgO nanocomposites have been reported 

to exhibit narrower bandgap values and enhanced photocatalytic activity 

compared with either component alone [23]. Similar improvements have 

been observed in CeO2–Bi2O3 and ZnO-Bi2O3 nanocomposites, where 

modifications in microstructure and charge-carrier dynamics led to 

improved optical and antibacterial behavior [28, 29]. These findings 

suggest that heterostructure formation plays a key role in tailoring material 

properties. 

Silver nanoparticles have long been recognized for their strong 

antibacterial activity and relatively low toxicity to humans [30-32]. Owing 

to their size- and shape-dependent optical and electronic properties, Ag 

nanoparticles are also attractive for optoelectronic applications [33, 34]. 

Incorporating silver into metal oxide systems can introduce new electronic 

states, modify band structures, and enhance charge-carrier separation, 

which collectively improve optical absorption and antibacterial efficiency. 

Based on these considerations, the present study focuses on the 

synthesis of MgO–Bi2₋ₓAgₓO3 nanocomposites (x = 0.00, 0.03, 0.05, and 

0.07) using a simple and cost-effective solvent-deficient method. The 

structural, morphological, and optical properties of the synthesized 

nanocomposites were systematically investigated using X-ray diffraction, 

scanning electron microscopy, energy-dispersive X-ray spectroscopy, and 

UV–visible spectroscopy. In addition, the antibacterial activity of the 

materials was evaluated against both Gram-negative and Gram-positive 

bacterial strains using the disc diffusion method. The study aims to clarify 

the role of Ag incorporation in modifying the physical properties and 

antibacterial performance of MgO–Bi2O3-based nanocomposites, with a 

view toward potential medical and environmental applications. 

2. Experimental procedure 

2.1    Materials and Methods 

The MgO˗Bi2-xAgxO3 nanocomposites with several doping levels (x = 0, 

0.03, 0.05, and 0.07) were fabricated using a straightforward solvent-

deficient method. The chemicals used included Bi(NO3)3·5H2O, ≥ 98 %; 

Fluka, Mg(NO3)2·6H2O, AgNO3, > 98.5%; Fluka-Garande, and NaHCO3, > 

98.5%; Fluka. All reagents were employed as received without any further 

purification. The overall reaction governing the synthesis process is 

abridged as follows: 

(2-x)Bi(NO3)3·5H2O + Mg(NO3)2·6H2O + xAg(NO3) + 8NaHCO3  → 

MgO˗Bi(2−𝑥)Ag𝑥O3 + (8-2x)NO2+ (20-5x) H2O +4Na2O +8CO2 +(2-x)O2     (1) 

 

2.2 Preparation Process 

To prepare the nanocomposites, stoichiometrically calculated 

amounts of Bi(NO3)3·5H2O, Mg(NO3)2·6H2O, and AgNO3 were mixed with the 

appropriate amount of NaHCO3. These components were then ground 

together for 20 minutes in a mortar at 23±1 ℃. During the initial minutes, 

a degassing reaction occurred due to the release of CO2, causing the slurry 

mixture to become more viscous. After drying the mixture overnight at 23 

± 1 °C, a dark powder was obtained. This powder was subsequently washed 

three times using distilled water and a filter flask. The cleaned powders 

were then heated in an oven at 773 K for two hours, with the temperature 

being adjusted at a rate of 10 K/min. Following this calcination step, the 

final powders were ground again using the mortar and pestle and then 

subjected to further characterization. 

2.3 Antibacterial test  

To evaluate the antibacterial efficacy of MgO-Bi2-xAgxO3 

nanocomposites (x = 0, 0.03, 0.05, and 0.07), a disc diffusion method was 

employed against Gram-negative bacteria (Salmonella typhimurium and 

Pseudomonas aeruginosa) and Gram-positive bacteria (Staphylococcus 

aureus). Prior to testing, the bacterial strains were confirmed using 

biochemical assays. The nanocomposite samples were prepared by 

suspending them in sterile distilled water and creating four working 

dilutions from a stock solution of 50 mg/ml. These dilutions were utilized 

to impregnate sterile filter paper disks (6 mm diameter) at concentrations 

of 500, 250, 125, and 62.5 μg/disk (denoted as S1, S2, S3, and S4, 

respectively). Agar plates were injected with the bacterial cultures using 

swabs to form a bacterial lawn, after which the impregnated disks were 

placed on the surface. The plates were then incubated at 37 °C for 19-21 

hours. Following incubation, the zones of inhibition (ZOI) around each disk 

were measured to the nearest millimeter(mm). A negative control utilizing 

distilled water (DW) was incorporated into the experimental setup to 

provide a baseline for comparison. This methodology allowed for the 

assessment of the antibacterial activities of the MgO–Bi2₋ₓAgₓO3 

nanocomposites against the selected bacterial strains, facilitating a 

comprehensive evaluation of their potential as antimicrobial agents. 

2.4 Characterization Techniques  

The crystalline structure of the synthesized nanocomposites was 

examined using X-ray diffraction (XRD) utilizing an XD-2 X-ray 

diffractometer operating at 36 kV and 20 mA, sourced from China. X-ray 

diffraction was recorded with Cu Kα radiation (λ = 1.5406 Å). Diffraction 

patterns were recorded over a suitable 2θ range to identify phase 

composition and crystallinity. Average crystallite sizes were estimated 

using the Scherrer equation. Surface morphology and particle distribution 

were investigated using scanning electron microscopy (SEM). SEM was 

conducted using a JEOL-JSM 6360 LV instrument based in Tokyo, Japan, to 

investigate micro-structural features.  Elemental composition and 

elemental mapping were analyzed by energy-dispersive X-ray spectroscopy 

(EDX) attached to the SEM: JEOL-JSM 6360 LV instrument. Optical 

properties were studied using UV–visible absorption spectroscopy in the 

wavelength range of 200–800 nm. The optical bandgap energies were 

estimated from Tauc plots by extrapolating the linear portion of (αhν)² 

versus photon energy (hν). UV-visible spectra were obtained employing a 

SPECORD 200 spectrophotometer. 

3. Results and discussion   

3.1 XRD study 

The XRD patterns of as-prepared MgO, α˗Bi2O3, and MgO over Bi2O3 

nanocomposite were discussed in our previous study [35]. The crystalline 

architecture and composition integrity of the synthesized MgO˗Bi2O3 and 

Ag-doped MgO˗Bi2O3 nanocomposites were emphasized through XRD 

analysis. The diffraction patterns were recorded over a 15° to 65° range, as 

depicted in Figure 1. The observed peaks aligned well with the JCPDS card 

number 00-041-1449 [36], corresponding to the monoclinic crystalline 

structure of α˗Bi2O3 (space group P21/c), with the (120) peak being the 

most prominent. No MgO peaks were detected due to its minimal presence 
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in the nanocomposite and the significant dispersion of MgO particles. 

However, the presence of MgO was validated through the EDX spectrum. 

The ionic radius of Bi+3 (coordination number = 6) is 1.03 Å, whereas that 

of Mg+2 (coordination number = 6) is only 0.72 Å. 

 

Figure 1: X-ray diffraction patterns of MgO–Bi₂₋ₓAgₓO₃ nanocomposites with different 
Ag contents (x = 0.00, 0.03, 0.05, and 0.07), confirming the monoclinic α-Bi₂O₃ phase. 

 

The results suggest that MgO has an amorphous nature in the samples 

and/or is highly dispersed on Bi2O3 [23]. Therefore, it can be deduced that 

the existence of MgO suppressed the growth of the Bi2O3  crystals. The 

addition of Mg+2 into the Bi2O3 lattice led to a change in the cell parameters 

of the monoclinic phase. Conversely, the existence of Bi2O3 appeared to 

impede the crystallization of MgO [23]. No diffraction peaks were observed 

besides those of Bi2O3, indicating the absence of crystallographic phase 

impurities in the pure MgO˗Bi2O3  and Ag-doped MgO˗Bi2O3 

nanocomposites. No peak relating to diffraction from MgO and AgO phases 

could be identified for x = 0.03, 0.05, and 0.07, indicating that the structure 

is not disturbed by Ag doping.  

 

Figure 2: XRD patterns showing a slight peak shift toward the higher angle 2θ of 
MgO˗Bi2−𝑥Ag𝑥O3  nanocomposites (x = 0.0, 0.03, 0.05, and 0.07). 

 

The intensity of the predominant peak was increased for Ag-doped 

MgO˗Bi2O3  nanocomposites as compared to pure MgO˗Bi2O3 

nanocomposites and the diffraction peak shifts towards a higher angle. As 

observed in Figure 2 at (x = 0.00, 0.03, 0.05, and 0.07), the diffraction 

pattern of nanocomposites is shifted to a small extent with slight changes 

in the lattice as compared to pure Bi2O3  nanoparticles (The pattern 

corresponds to monoclinic structure, matching well with JCPDS card 

number 00-041-1449 for α˗Bi2O3) indicating the increase in interplanar 

spacing of MgO˗Bi2O3 [35]. This might be due to inserting the Ag+1 ions in 

the composite. It indicates Bi+3 ions have been successfully substituted by 

the dopant ions. This is possible because of the closeness in the ionic radii 

between Bi (1.03 Å) and Ag (1.15 Å), which is more suitable or preferred. 

Accordingly, oxygen vacancy will be generated to favor the structure 

reorganization and keep an overall neutral charge after Bi+3 in MgO˗Bi2O3 

crystal is replaced by property Ag+1 [37-39]. 

The constants of lattice  a, b, and c for the monoclinic phase of α˗Bi2O3  

were computed via the equations:   

1

𝑑2 =  
1

𝑠𝑖𝑛2𝛽
( 

ℎ2

𝑎2 +
𝑘2𝑠𝑖𝑛2𝛽

𝑏2 +
𝑙2

𝑐2 −
2ℎ𝑙 𝑐𝑜𝑠𝛽

𝑎𝑐
)                                     (2) 

Here, d represents the interplanar distance, while h, k, and l denote the 

Miller indices. The volume (V) of the unit cell in monoclinic structures was 

computed from V = abc × sin β  and given in Table 1. The density (ρ) and d-

spacing for monoclinic structures were measured by utilizing the equation: 

𝜌 = (𝑍 × 𝑀) /(𝑁 × 𝑎3) 𝑔 . 𝑐𝑚−3  [35] (where M is the molecular weight 

(g/mol) of the crystal, Z is the number of molecules in a unit cell. V is the 

volume of the crystalline unit cell, and N is Avogadro's number) and 2dsinθ 

= nλ  (where ‘d’ is the inter-planar spacing of a particular set of crystal plane, 

‘λ’ is the wavelength of the incident X-ray, in our case the wavelength used 

is that of copper     (λ = 1.5407 Å), θ is the diffraction angle, and ‘n’ is the 

order of diffraction) [40]. It was observed that the lattice’s constant values 

are approximated to the values of the standard lattice constants. Calculated 

theoretical density, volume, and interplanar distance (d) between the 

crystal planes, at major peaks corresponding to the (120) for Bi2O3 planes, 

are in agreement with the standard values. It can be said that the dominant 

peak angle shifts,  the change in d value, and the lattice constants are caused 

by the Ag+1 dopant [39]. It shows a slight change in lattice parameters. The 

increase in the unit cell volume of MgO˗Bi2O3 nanocomposite was observed, 

showing shrinkage in the unit cell as compared to pure α˗Bi2O3. The unit 

cell volume and the lattice constant (c) of MgO˗Bi(2−𝑥)Ag𝑥O3 

nanocomposites at x = 0.03, 0.05, and 0.07, the phase in the  nanocomposite 

is increased as compared to pure α˗Bi2O3  (x = 0.00). A slight peak shift 

toward the higher angle 2θ (Figure 2) and the change in d value and unit 

cell volume are evidence of the incorporation of Ag ions. The reduction in 

lattice parameters (a, b) suggests that compressive strain has been 

introduced into the lattice. Shifts in peak angles and lattice strain can lead 

to changes in the crystallographic planes (d-spacing). However, the 

observed changes in lattice constant and unit cell volume with increasing 

Ag-doping concentration can be attributed to the ionic radius differences 

between Ag+1 and Bi+3 ions, as the ionic radius of Ag+1 (1.15 Å) is larger than 

that of Bi+3 (1.03 Å).  Scherrer's equation was utilized to evaluate the 

average crystallite size (D) and micro-strain ( 𝜀 ) via XRD data of 

MgO˗Bi2−𝑥Ag𝑥O3  nanocomposites (x = 0.0, 0.03, 0.05, and 0.07), given as 

[41]: 

𝐷 =  0.9𝜆 (φ cosθ)                                                                                      (3)⁄  

𝜀 = 𝜑 (4 𝑡𝑎𝑛𝜃)⁄                                                                                              (4) 
 

where φ is the full width at half maximum (FWHM), θ is the angle of the 

peak maximum, and λ is the CuKα wavelength (λ = 1.5406 Ǻ) from the XRD 

calculations given in Table 2. The dislocation density(δ) due to crystal 

imperfections was estimated by utilizing the equation: δ =1/ D2, and the 

evaluated values are recorded in Table 2. The inverse relationship between 

the dislocation density (δ) and grain size indicates a reduction in the 

crystallite size due to the large dislocation density value [42]. 

Table 1: Structural parameters of MgO˗Bi2−𝑥Ag𝑥O3  nanocomposites (x = 0.0, 0.03, 0.05 and 0.07). 

Oxides  Oxides 
a 

(Å) 

b 

(Å) 

c 

(Å) 

Volume 

 (Å3) 

Density 

)3(g/cm 

d-spacing 

(Å) 

JCPDS 011-345 MgO 4.203 - - 74.25 3.56 2.42 

JCPDS 014-1449 3O2Bi 5.849 8.169 7.512 330.52 9.36 3.255 

x = 0.0 (120) 3O2Bi 5.872 8.227 7.363 326.150 9.489 3.266 

x = 0.03 (120) 3O2Bi 5.845 8.229 7.544 333.751 9.274 3.247 

x = 0.05 (120) 3O2Bi 5.841 8.202 7.558 333.143 9.290 3.251 

x = 0.07 (120) 3O2Bi 5.843 8.195 7.541 332.204 9.317 3.245 
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Table 2: The D, ε, and δ evaluated from Scherrer's equation for 
MgO˗Bi2−𝑥Ag𝑥O3 nanocomposites (x = 0, 0.03, 0.05 and 0.07). 

Oxides 

Individual 
Oxides 

D  

(nm) 
3-ε×10 

 4-δ×10 

)2-(nm 

x = 0.0 (120) 3O2Bi 36.07 4.07 7.69 

x = 0.03 (120) 3O2Bi 38.54 3.79 6.73 

x = 0.05 (120) 3O2Bi 39.74 3.68 6.33 

x = 0.07 (120) 3O2Bi 39.32 3.70 6.31 

 

The crystallite size (D) of MgO˗Bi2−𝑥Ag𝑥O3   nanocomposites (x = 0, 

0.03, 0.05, and 0.07) were increasing with increasing Ag concentration, 

then decreased at x = 0.07. This indicates that Ag ions doped into the host 

matrix were strongly capped. Increase the average crystalline size, 

ascribed to the diffraction peaks of  MgO˗Bi2O3  shift towards higher 2θ 

values with an increase in the Ag concentration, which is due to Ag+1 (1.15 

Ǻ)  ions that can uniformly substitute into the Bi+3 (1.03 Ǻ) ions' sites or 

interstitial sites in the  MgO˗Bi2O3 lattice [43].  

In case of substitution and due to the different ionic radii ( Ag = 1.15  

Ǻ larger than Bi = 1.03 Ǻ ), a lattice distortion occurs, and this distortion 

increases with the increase in Ag concentration[43]. The δ was increased 

with a decrease in crystallite size and vice versa. Microstrain was found to 

be compressive and decreased with the silver doping. The microstrain and 

dislocation density will have an important effect on the optical parameters 

of the samples [42]. 

3.2. SEM and EDX Analysis  

The SEM images in Figure 3 were utilized to analyze the morphology 

of MgO˗Bi2O3 and MgO˗Bi(1.93)Ag0.07O3. The surface of the MgO˗Bi2O3 sample 

appeared more agglomerated and irregular in shape, exhibiting significant 

roughness. In contrast, the Ag-doped sample exhibited a smoother surface 

with reduced agglomeration, suggesting improved morphology. Some of the 

nanoparticles appeared spherical; however, they also exhibited variations 

in shape and irregularity. These changes in surface characteristics were 

attributed to the influence of silver doping, which enhanced particle 

interaction and fusion, leading to a more uniform distribution and a 

decrease in overall surface roughness [44]. The development of uniform, 

minimal-agglomerated spheres is due to homogeneous nucleation during 

heating. In contrast, the formation of larger particles and a wider 

distribution may be due to varied heating zones [45-47]. The chemical 

compositions of the as-prepared nanocomposite were analyzed by energy-

dispersive X-ray spectroscopy (EDX). It was performed to confirm the 

presence of Ag-ion in MgO Bi2O3⁄  crystal lattice. Figure 4 presents the EDX 

spectra of the pure MgO Bi2O3⁄  nanocomposite. The results clearly indicate 

the presence of the elements Bi, Mg, and O as the respective peaks are 

clearly visible. Moreover, the atomic percentages of Bi, Mg, and O are 88.7%, 

0.4% and 10.9% respectively. In addition, EDX spectra of 0.07 for Ag-doped 

MgO Bi2O3⁄  sample are displayed in Figure 5.5b. Spectra reveal that only 

four elements, Bi, Mg, Ag, and O, exist in Ag-doped MgO Bi2O3⁄  

nanocomposite with their weight percentage of 86.1 %, 0.5 %, 1.8 % and 

11.6 % respectively, which indicates the doped Ag ions have entered into 

the lattice of MgO Bi(2−x)AgxO3⁄  nanocomposite. This also agrees with the 

foregoing XRD results. 

 

3.3 Optical analysis 

3.3.1 Optical Absorption and Transmission Spectra Study 

Figure 5 presents the optical absorption spectra of the MgO˗Bi2-xAgxO3 

nanocomposites for various concentrations (x = 0, 0.03, 0.05, and 0.07). The 

pure MgO˗Bi2-xAgxO3 nanocomposite (x = 0.00) exhibited a broad absorption 

band at 363 nm. Conversely, at x = 0.03, 0.05, and 0.07, distinct peaks 

appeared at 365, 367, and 369 nm, respectively. The primary absorption 

edge shifted towards longer wavelengths with increasing Ag doping. This 

overall trend suggests a red shift near the band edge with Ag incorporation. 

This shift in absorption can be attributed to the potential substitution of Bi 

ions with Ag ions within the crystal lattice or the mutual exchange of these 

ions. Additionally, the reduced absorption in the UV and near-visible 

regions can be attributed to the increased surface roughness caused by 

higher concentrations of Ag nanoparticles, which enhances scattering and 

reduces the intensity of incident light [48]. The peak intensity at 363 nm 

decreased as the Ag doping concentration increased, likely due to the 

reduced solubility of the highly doped MgO˗Bi2O3 nanocomposites in 

solvents compared to the undoped counterparts. 

 

Figure 3: SEM micrographs of MgO–Bi₂₋ₓAgₓO₃ nanocomposites showing surface morphology and particle agglomeration as a function of Ag content. 

pure

0.07 Ag 0.07 Ag

pure
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Figure 4: EDX spectra of MgO–Bi₂₋ₓAgₓO₃ nanocomposites illustrating the presence of 
Bi, Mg, O, and Ag elements. 

 

 

Figure 5: UV–visible absorption spectra of MgO–Bi₂₋ₓAgₓO₃ nanocomposites with 
varying Ag concentrations. 

 

The transmittance (T) measurements for MgO˗Bi2-xAgxO3 

nanocomposites (x = 0, 0.03, 0.05, and 0.07) as a function of wavelength (λ) 

are depicted in Figure 6. It was observed that T exhibited high values across 

most measured wavelengths. The nanocomposites demonstrated 

significant visible-range transmittance, making them suitable candidates 

for transparent window materials in optoelectronic devices. The optical 

transmittance values were 99%, 91%, 80%, and 82% for the respective 

samples, indicating a decrease in the UV and near-visible regions for all 

samples, with the highest transmittance at x = 0.00. This is attributed to the 

absence of free electrons (i.e., electrons are bound to atoms via covalent 

bonds), necessitating a high-energy photon to break the electron linkage 

and move it to the conduction band [49]. 

The transmittance in the visible range decreased with increasing Ag+1 

doping percentage. This reduction in optical transmission can be attributed 

to increased scattering caused by the surface roughness of the 

nanocomposites and the presence of oxygen vacancies. It is hypothesized 

that aggregation and agglomeration decrease grain size with increasing Ag 

content, further reducing transmittance. The work function of Ag, located 

between the valence band and conduction band of MgO˗Bi2O3, enhances the 

light absorption capability of MgO˗Bi2O3. The strong interaction between Ag 

and light arises from the conduction electrons on the Ag surface, which 

generate surface plasmon resonance (SPR) at specific wavelengths. This 

SPR phenomenon results in significant scattering and absorption of light 

[50]. 

 

 

Figure 6: Transmittance as a function of wavelength of MgO˗Bi2−𝑥Ag𝑥O3   
nanocomposites (x = 0, 0.03, 0.05, and 0.07). 
 

 

Figure 7: The absorption coefficient versus photon energy of MgO˗Bi2−𝑥Ag𝑥O3  
nanocomposites (x = 0.0, 0.03, 0.05, 0.07). 

 

The graph in Figure 7 illustrates the absorption coefficient (α) plotted 

against the photon energy (E) of the incident light. By establishing a 

fundamental connection between transmittance (T) and photon 

absorbance (A), the absorption coefficient (α) was constrained, offering 

insights into the nature of electron transitions. The calculation of α was 

based on Lambert's formula [51], as depicted below. 

I = Io e-αt                                                                                                            (5) 

where I is the instantaneous photon intensity, Io is the initial photon 

intensity, and t is the thickness of the cuvette. The α can be computed by 

utilizing the following equation: 

𝛼(𝜆)  =   ( 
1

𝑡
 ) (𝑙𝑛 

𝐼𝑜

𝐼
 ) = ( 

1

𝑡
 ) (𝑙𝑛 

1

𝑇
 ) =   

2.303 𝐴

𝑡
                                (6)  

The variation of α(λ) for MgO˗Bi2-xAgxO3 nanocomposites (x = 0, 0.03, 

0.05 and 0.07) with photon energy is illustrated in Figure 7. The α of both 

pure and Ag-doped MgO˗Bi2O3 nanocomposites increased with higher 

concentrations of Ag nanoparticles. This increase is attributed to the rise in 

the number of charge carriers, which in turn enhances absorbance and the 

α of MgO˗Bi2-xAgxO3 nanocomposites [52-54].  

At lower photon energies, absorption is minimal, indicating a reduced 

possibility of electron transitions because the incident photon energy is 

insufficient to promote electrons from the valence band (VB) to the 

conduction band (CB) (hυ < Eg). Conversely, at higher energies, the 

absorption is more significant, demonstrating a greater probability for 

electron transitions as the incident photon energy becomes sufficient to 

move electrons from the valence band to the conduction band. This 

indicates that the incident photon energy exceeds the forbidden energy gap 

[49]. A continuous increase in α with increasing E is observed across the 

entire measured photon energy range (3.1–3.3 eV), with the increase 

becoming more rapid near the material's optical bandgap energy. The 

highest absorption coefficient was noted for the sample with 0.05 Ag. 

Additionally, it was observed that reducing the size of nanoparticles 

decreases the absorption coefficient in the samples. 

3.3.2 Optical Bandgap (𝑬𝒈) Determination 

The optical bandgap (Eg) can be determined using the Tauc plot 

approach, which correlates the incident light frequency (υ) with the photon 

energy (hυ) based on the equation [55]: 
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Figure 8: Tauc plots used to estimate the optical bandgap energies of MgO–Bi₂₋ₓAgₓO₃ nanocomposites. 

 

(α. hυ)n = 𝐴 (hυ − 𝐸𝑔)                                                                               (7) 

where ν represents the incident light frequency, h is Planck's constant, A is 

a constant linked to the effective masses of electrons and holes in the 

material, and n varies depending on the type of electronic transition. For a 

direct allowed transition, n can be 1/2, for an allowed indirect transition, n 

is 2, for a forbidden direct transition, n is 3/2, and for a forbidden indirect 

transition, n is 3[55].  

Bandgap energy (Eg) is a crucial parameter to evaluate a material's 

optical absorption performance. To determine Eg, the plot of (αhυ)2 (for 

direct transitions) against hν is generated, and the linear portion of these 

plots is extrapolated to the hυ axis to derive the values of the optical direct 

bandgap Eg for the samples, as shown in Figure 8. 

Direct transition 𝐸𝑔  values were obtained for MgO˗Bi2−𝑥Ag𝑥O3 

nanocomposites (x = 0, 0.03, 0.05, and 0.07) are listed in Table 3. The 
change in the bandgap value depends on many parameters, for 
example, carrier concentration, crystallite size, and the positions of the 
Ag dopant in the MgO˗Bi2O3 lattice [56].   

 

Table 3: The band gap values for MgO˗Bi2−𝑥Ag𝑥O3 nanocomposites (x = 0, 
0.03, 0.05, and 0.07). 

Oxides Individual Band gap 𝑬𝒈 (eV) 

x = 0 3.14 

x = 0.03 Ag 3.13 

x = 0.05 Ag 3.10 

x = 0.07 Ag 3.11 
 

The reduction in the bandgap (Eg) with increasing Ag+1 content 

corresponds to a red shift in the λ cut-off. This phenomenon is attributed to 

the formation of intermediate states between the conduction and valence 

bands of the MgO˗Bi2O3 host matrix upon the addition of Ag. These 

intermediate states are responsible for the reduction in the bandgap of Ag–

MgO˗Bi2O3 nanocomposites. When Ag+1 is introduced into MgO˗Bi2O3, defect 

states are generated below the conduction band, leading to a decrease in 

the bandgap. Ag+1 ions can be incorporated into the MgO˗Bi2O3 lattice either 

by substituting Bi+3 ions, resulting in double ionized oxygen vacancies, or by 

occupying interstitial sites (Ag). The presence of silver impurities in 

MgO˗Bi2O3 introduces an extra band within the energy gap, characteristic of 

a p-type material. This makes Ag act as an acceptor material, altering the 

bandgap of MgO˗Bi2O3 nanocomposites and thereby reducing it. In contrast, 

donor materials exhibit a blue shift and an increase in the bandgap [57]. 

Consequently, doping MgO˗Bi2O3 nanocomposites with silver can be 

advantageous for applications in optoelectronic devices due to the tunable 

energy bandgap values of the MgO˗Bi2O3 nanocomposites [58]. 

3.3.3 Refractive Index(n) and Extinction Coefficient(k)  

The  α and incident photon wavelength (λ) can be utilized to evaluate   

the k, given as [59]:  

𝑘 =  
αλ

4π
                                                                                                              (8) 

Refractive index (n) is an important parameter of optical materials. 

Refractive index (n) can be given via the equation [59]:   

𝑛 =  
1 + 𝑅2

1 − 𝑅2
                                                                                                      (9) 

where R is the reflection. Figure 9 (a and b) illustrates the behavior of n and 

k with the incident photon wavelength for MgO˗Bi2-xAgxO3 nanocomposites 

(x = 0, 0.03, 0.05, and 0.07). 

 

Figure 9: (a) Refractive index and (b) Extinction coefficient versus wavelength of 
MgO˗Bi2-xAgxO3 nanocomposites (x = 0, 0.03, 0.05, and 0.07). 
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The refractive index (n) of MgO˗Bi2O3 nanocomposites increases with 

the addition of Ag doping. This increase can be attributed to the rise in the 

number of free electrons and the consequent improvement in the surface of 

the nanocomposites, accompanied by a reduction in porosity [60]. 

Additionally, the increased refractive index with higher Ag doping levels 

may be due to lattice distortion and structural disorder within the 

nanocomposites. As illustrated in Figure 9a, the refractive index remains 

constant with increasing photon energy up to approximately 3.1 eV, after 

which it increases across all samples with varying Ag concentrations. 

Notably, the pure MgO˗Bi2O3 nanocomposite shows a lower refractive index. 

Figure 9b illustrates the 𝑘  as a function of photon energy for all the 

samples investigated. The calculated extinction coefficient values increase 

with higher weight percentages of Ag. This coefficient emerges from light 

absorption when the photon wavelength is greater than or equal to the 

grain size. The likelihood of grain scattering increases with higher Ag 

doping, attributed to the enhancement in grain size and density of the 

nanocomposites. The non-zero extinction coefficient indicates the presence 

of additional transitions alongside the fundamental transition, suggesting 

that Ag doping modifies the structure of the host nanocomposites [52].  

3.3.4 Optical Conductivity 

The number of free charges in a material is termed optical conductivity 

(𝜎𝑜𝑝𝑡). The   𝜎𝑜𝑝𝑡  for any material can be expressed as [41]: 

𝜎𝑜𝑝𝑡 =
𝛼𝑛𝑐

4𝜋
                                                                                                      (10) 

Here, c represents the velocity of light. Figure 10a illustrates the 

change of 𝜎𝑜𝑝𝑡 with photon energy for all the samples. The values of  𝜎𝑜𝑝𝑡 

remained constant as the photon energy increased until approximately 3.1 

eV, after which they increased, as shown in Figure 10a. This increase is 

attributed to variations in the α. The number of free carriers increases with 

higher Ag+1 content. The rise in optical conductivity is due to the creation of 

new levels within the bandgap, facilitating the movement of carrier charges 

from the valence band (VB) to the conduction band (CB). Consequently, this 

leads to a reduction in the bandgap and an increase in conductivity [61, 62]. 

3.3.5 Dielectric Constant 

The real part (εr) of the dielectric constant represents a material's 

capacity to reduce the speed of light and can be computed via the equation: 

𝜀𝑟 = 𝑛2 −  𝑘2                                                                                                 (11) 

The component of the dielectric constant represented by the imaginary 

part (εi) characterizes the energy absorption resulting from dipole 

movement within an electric field. To determine (εi), the following relation 

can be used [59]: 

𝜀𝑖 = 2𝑛𝑘                                                                                                          (12) 

The ratio of the 𝜀𝑖    to the 𝜀𝑟 of the dielectric constant yields insights 

into the loss factor: 

tan 𝛿 =
𝜀𝑖

𝜀𝑟
                                                                                                       (13) 

Figures 10b, 10c, and 10d illustrate the variations in the 𝜀𝑟 and 𝜀𝑖  parts 

of the dielectric constant, as well as the loss factor, with respect to photon 

energy. It is evident that the 𝜀𝑟  of the dielectric constant is primarily 

proportional to the square of the refractive index and therefore increases 

with the addition of Ag. The imaginary part of the dielectric constant is 

proportional to the 𝑘, as shown in relation (12), and it also increases with 

higher concentrations of Ag nanoparticles. The results obtained from 

measurements of the dielectric constant and loss angle show a close 

correlation with the optical energy gap of the studied materials. It was 

observed that increasing the doping concentration leads to an increase in 

the crystallite size calculated from X-ray diffraction (XRD) data. This 

increase in crystallite size may enhance polarization within the material, 

thereby increasing the dielectric constant. On the other hand, UV-Vis 

spectroscopic measurements indicate that the optical energy gap decreases 

with increasing doping concentration. This reduction in the optical energy 

gap may facilitate the movement of charge carriers, contributing to an 

increase in the loss factor. Therefore, the relationship between these 

properties suggests that modifications in the chemical composition 

significantly affect the electrical and optical properties of the material [63, 

64].  

The X-ray diffraction analysis revealed that the nanocomposites 

exhibited diffraction patterns characteristic of the monoclinic α˗Bi2O3 

phase, with no distinct peaks indicating the presence of MgO or AgO 

compounds. This suggests that the MgO and AgO phases are either 

amorphous or highly dispersed within the Bi2O3 matrix. The average 

crystallite size ranged from 36.07 to 39.74 nm, showing an increase with 

silver concentration, peaking at 0.05, followed by a decrease at 0.07. This 

trend can be attributed to the substitution of Bi+3 ions by Ag+ ions, which 

have a larger ionic radius. The increase in crystallite size with increasing 

silver doping concentration up to 0.05 can be attributed to the enhanced 

crystallinity of the samples resulting from the incorporation of Ag+ ions into 

the Bi2O3 lattice. However, at higher silver concentration (x = 0.07), the 

decrease in crystallite size may be due to the formation of defects or lattice 

strain caused by the excess Ag+ ions [65]. 

The optical properties assessed by UV-visible absorption spectroscopy 

indicated bandgap energies of 3.14, 3.13, 3.10, and 3.11 eV for silver doping 

concentrations of 0.00, 0.03, 0.05, and 0.07, respectively. The decrease in 

bandgap energy with increasing silver concentration can be attributed to 

the introduction of impurity levels within the bandgap, resulting from the 

substitution of Bi+3 ions by Ag+ ions. However, at higher silver concentration 

 

Figure 10: The change of (a) optical conductivity, (b) real dielectric constant, (c) imaginary dielectric constant, and (d) loss factor as a function of E(eV)  for the synthesized samples
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can be attributed to the introduction of impurity levels within the bandgap, 

resulting from the substitution of Bi+3 ions by Ag+ ions. However, at higher 

silver concentration (x = 0.07), the slight increase in bandgap energy may 

be due to the Burstein-Moss effect, where the excess Ag+ ions lead to a shift 

in the Fermi level and an increase in the bandgap energy [66]. 

3.4 Antibacterial activity  

The antibacterial activity for MgO˗Bi(2−𝑥)Ag𝑥O3 nanocomposites (x = 

0, 0.03, 0.05, and 0.07) were evaluated against gram-negative bacteria (S.  

typhimurium and P. aeruginosa) and gram-positive bacteria (S. aureus) 

(Table 4). Images of antibacterial studies on nanocomposites against 

bacterial pathogens are shown in Figure 11.  

 

Table 4: Assessment of Antibacterial Efficacy of MgO˗Bi2-xAgxO3 

nanocomposites (x = 0, 0.03, 0.05, and 0.07). 

ZOI (mm) at concentration in (µg/mL) 
Type of 

bacteria 
Bacteria  0.07 

Ag 

0.05 
Ag 

0.03 
Ag 

Pure Con. 

20 18 20 15 A1 

Negative 
S. 
typhimurium 

19 17 19 15 A2 

18 16 18 15 A3 

19 16 17 15 A4 

23 21 21 14 A1 

Negative 
P. 
aeruginosa 

18 20 18 13 A2 

19 18 18 14 A3 

18 17 19 15 A4 

10 7 10 9 A1 

Positive S. aureus 
8 - 11 8 A2 

9 - 11 8 A3 

9 7 11 11 A4 

 

The antibacterial activity was determined by measuring the ZOI 

around the disc using the antibiotic zone scale (mm). The pure sample (at x 

= 0) nanocomposite has shown greater than 6 mm of inhibition against 

different types of bacteria. The addition of Ag content (x > 0) leads to an 

increase in the inhibitory activity of MgO˗Bi(2−𝑥)Ag𝑥O3  nanocomposites 

against several types of bacteria. This suggests that the growth inhibition 

ability of MgO˗Bi(2−𝑥)Ag𝑥O3  nanocomposites (x = 0, 0.03, 0.05, and 0.07) 

against both gram-negative and gram-positive bacteria have been 

significantly enhanced at the same concentration and growth conditions. 

The particle size (D) decreased as the doped concentration Ag+1), the small 

size of the fabricated MgO˗Bi(2−𝑥)Ag𝑥O3  nanocomposites (x = 0.00, 0.03, 

0.05, and 0.07) play an important role in their activity upon testing the 

gram-negative pathogen [67, 68]. MgO˗Bi(2−𝑥)Ag𝑥O3  nanocomposites 

(0.07) displayed the best antibacterial activity of both gram-negative and 

gram-positive bacteria, as depicted in Figure 11. The most significant effect 

of nanocomposites was found for the concentration (500 μg/disc) for all 

samples against the different types of bacteria. The results illustrated a 

higher ZOI for all fabricated materials (between 7 and 23 mm).  

It is important to highlight that the MgO˗Bi(2−𝑥)Ag𝑥O3 nanocomposites 

prepared (x = 0, 0.03, 0.05, and 0.07) exhibited greater efficacy against 

gram-negative bacteria compared to gram-positive bacteria, potentially 

attributed to variations in bacterial cell structures. A thick 

lipopolysaccharide cell membrane characterizes gram-positive bacteria 

[69-71]. The differing antibacterial performance of the developed materials 

at varying Ag concentrations may be linked to surface defects. The inclusion 

of heavy metal ions, such as Bi+3, Mg+2, and Ag+1, enhances antibacterial 

activity. These ions are drawn to the cell membrane through interactions 

with the thiol group (–SH) found in proteins on the external surface of the 

cell membrane. This attraction results in the penetration of metallic ions 

into the cell membrane, leading to protein denaturation and, in turn, 

damage to the bacterial cell membrane. Additionally, the surface 

characteristics of the nanocomposite contribute to mechanical disruptions 

in the membrane [72-77]. Table 5 shows a comparison of antibacterial 

analysis of MgO˗Bi(2-x)AgxO3 nanocomposites with other previous studies.  
 

 

Figure 11: Illustrates the antibacterial activities of MgO˗Bi2-xAgxO3 nanocomposites with varying silver doping levels against different bacterial strains. The rows represent the different 
samples: (i) pure, (ii) 0.3 Ag, (iii) 0.5 Ag, and (iv) 0.7 Ag, while the columns correspond to the bacterial strains: (A) S. typhimurium, (B) P. aeruginosa, and (C) S. aureus. 
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Table 5: A comparison of antibacterial analysis of MgO˗Bi2-x AgxO3 nanocomposites with other nanocomposites. 

Metal oxide nanocomposites 
Inhibition Zone (mm) 

Staphylococcus aureus S. typhimurium   P. aeruginosa Reference 

MgO˗Bi(2-x)AgxO3 10 20 23 Current work 

ZnO–V2O5-WO3 17 - 18 [78] 

Co3O4-CuO-ZrO2 10 - - [79] 

CdO–ZnO–MgO - - 22 [80] 

CuO– CeO2–ZnO 14 - 12 [81] 

 

 

4. Conclusion 

In this study, MgO-Bi2-xAgxO3 nanocomposites were successfully 

synthesized using a simple solvent-deficient method. Structural analysis 

confirmed the formation of the monoclinic α-Bi2O3phase for all 

compositions, while the absence of secondary phases indicated good 

dispersion of MgO and silver within the Bi2O3 matrix. The incorporation of 

Ag influenced crystallite size, surface morphology, and optical behavior, 

with moderate Ag content producing the most noticeable improvements. 

Optical studies revealed a slight narrowing of the bandgap with increasing 

Ag concentration, which was attributed to the introduction of Ag-related 

electronic states. The antibacterial performance of the nanocomposites was 

significantly enhanced by silver doping, particularly against Gram-negative 

bacteria. This improvement is likely due to the combined effects of Ag ion 

release, reactive oxygen species generation, and increased surface 

interaction with bacterial cells. Overall, the results demonstrate that 

controlled Ag incorporation effectively tailors the multifunctional 

properties of MgO–Bi2O3-based nanocomposites. The materials synthesized 

in this work show promise for applications requiring enhanced 

antibacterial activity and tunable optical properties, especially in medical 

and environmental fields. 
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