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infrared (FTIR) spectroscopy, vibrating sample magnetometry (VSM), and microbiological assays. 

1.5406 Å) operated at 40 kV and 40 mA, recording diffraction patterns over a 2θ range of 20°–80° to 

and dislocation density using the Scherrer and Williamson–Hall methods. FTIR spectra are 
collected 

Bi–O vibrational modes and confirm the removal of organic residues after calcination. 
Magnetic 

recording magnetization–field (M–H) hysteresis loops over an applied magnetic field range of ±10 

magnetization, coercivity, and squareness ratio. Antibacterial activity is assessed against Escherichia 

(SPM), with inhibition zones and viable colony counts measured after 24 h incubation at 37 °C. All 

 
 

 

Figure 1 presents the X-ray diffraction (XRD) patterns of Bi₂O₃ powders calcined at 350, 400, and 500 

monoclinic α-Bi₂O₃, in agreement with the standard JCPDS card No. 71-0465. The absence of extra 

increases, the diffraction peaks become narrower and more intense, reflecting reduced peak broadening 

average interplanar spacing d for each peak is calculated using Bragg’s law [36-40]: 

where K is the shape factor (0.9), β is the full width at half maximum (FWHM) of the peak in radians, 
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enhances crystallinity, enlarges crystallite size, and reduces internal strain, all of which are essential 

application. Yielding refined lattice parameters consistent with the monoclinic α-Bi₂O₃ phase (a ≈ 

Table 1 summarizes the XRD-derived structural parameters of Bi₂O₃ powders calcined at 300, 400, and 

confirming phase purity at all calcination temperatures. A systematic decrease in the full width at half 

from 267.83 nm at 300 °C to 305.47 nm at 400 °C and reaches 373.65 nm at 500 °C, reflecting 

decreases from 3.687 × 10⁻³ to 2.637 × 10⁻³, while dislocation density drops from ~0.14 × 10¹⁴ m⁻² to 

Overall, increasing calcination temperature markedly enhances crystal quality, reduces defect density, 
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size increases markedly from 267.83 nm to 373.65 nm, reflecting thermally induced grain coarsening 

10⁻³ to 2.637 × 10⁻³, signifying relaxation of lattice distortions and defect annihilation during 

with crystallite growth and reduced defect concentration. Overall, increasing the calcination 

significantly lower lattice strain and dislocation density, which are essential for achieving high-
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in the range of 400–4000 cm⁻¹. Strong absorption bands observed in the 400–800 cm⁻¹ region 

The intensity of these bands increases with calcination temperature, indicating improved crystallinity 

region are attributed to residual carbonate species or minor lattice vibrations, whose diminishing 

cm⁻¹ and the broad region at 3200–3600 cm⁻¹ are associated with H–O–H bending and O–H stretching 

removal of surface-adsorbed species. Overall transmittance decreases with increasing calcination 
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loop centered near the origin, indicating weak magnetic ordering with soft-magnetic behavior. The 

approaches a nearly constant value at higher fields without clear saturation, which is typical of defect-

positive high field and −0.060 emu g⁻¹ at the corresponding negative field. The remanent 

fraction of magnetization is retained after removal of the external field. The coercive field is low, 

magnetic nature and weak ferromagnetic characteristics of the Bi₂O₃ nanoparticles. The observed 

introduced during nanoparticle synthesis and thermal treatment, with calcination at 500 °C enhancing 
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The antibacterial activity of the α-Bi₂O₃ pellet calcined at 500 °C is evaluated against 
method. The 

measured inhibition zone diameters are 8 mm for S. aureus and 9 mm for E. coli, 
bacterial strains, with 

slightly higher efficacy toward the Gram-negative bacterium. This difference can 
possess an outer 

membrane containing lipopolysaccharides, which can be more susceptible to reactive 
peptidoglycan 

layer of Gram-positive bacteria provides greater resistance to surface interactions. 
ROS generation and 

improves bacterial contact. These results demonstrate that α-Bi₂O₃ retains 
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Spread Plate Method (SPM) against Staphylococcus aureus and Escherichia coli. A clear difference in 

(Gram-positive) is relatively higher, indicating lower antibacterial effectiveness, whereas E. coli 

antibacterial activity [69, 70]. The enhanced susceptibility of E. coli can be attributed to its thinner 

promotes oxidative stress damage and facilitates interaction with the α-Bi₂O₃ surface [71]. In contrast, 

and slowing cell disruption [72]. These findings are consistent with the agar diffusion results and 

negative bacteria, likely due to enhanced crystallinity and surface-driven ROS generation [73-76]. 

S. aureus E. Coli 
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