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A B S T R A C T 

Tin oxide (SnO2) nanoparticles were synthesized via a facile chemical 

precipitation route using tin chloride (SnCl2•2H2O) as precursor and 

ammonia as precipitant. The as-synthesized nanoparticles were 

subjected to post-calcination at 300°C, 400°C and 500°C and thoroughly 

characterized by advanced techniques including X-ray diffraction 

(XRD), scanning electron microscopy (SEM), energy dispersive x-ray 

spectroscopy (EDS) and Fourier transform infrared (FTIR) 

spectroscopy. XRD patterns revealed the formation of a tetragonal SnO2 

crystalline phase with average crystallite sizes of 11.9 nm, 13.9 nm, and 

17.2 nm for the samples calcined at 300°C, 400°C and 500°C 

respectively. SEM micrographs demonstrated agglomerated and 

irregular morphology of the calcined SnO2 nanoparticles. FTIR spectra 

confirmed the presence of characteristic Sn-O and O-Sn-O vibrational 

modes in the calcined SnO2 samples. The antibacterial activity of the 

synthesized nanoparticles was evaluated against model Gram-negative 

(Escherichia coli) and Gram-positive (Staphylococcus aureus) bacterial 

strains by standard zone of inhibition assays. The SnO2 nanoparticles 

exhibited excellent antibacterial activity due to their high specific 

surface area. A systematic increase in the inhibition zone diameter was 

observed with a decrease in the crystallite size of SnO2 for both bacterial 

strains, suggesting an inverse relationship between crystallite size and 

antibacterial behaviour. The present work demonstrates a simple, eco-

friendly synthesis of antibacterial SnO2 nanoparticles with controlled 

crystallite size by tuning the calcination temperature.
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1. Introduction 

Tin oxide (SnO2) nanoparticles have attracted considerable research interest in recent years owing to their versatile 

applications in gas sensing, optoelectronics, dye-based solar cells, photocatalysis, antibacterial agents, and other 

areas [1–4]. SnO2 is an important n-type wide bandgap (Eg ~3.6 eV) semiconductor metal oxide characterized by 

its tetragonal rutile structure, excellent chemical stability, thermal stability up to 1100°C in air, high electron 

mobility, and good optical transparency in the visible region [5–8]. The nanoparticle size, morphology, 

crystallinity, and surface characteristics strongly influence these remarkable properties. Therefore, controlled 

synthesis of SnO2 nanoparticles with tailored structural and optical properties is vital to exploit their full 
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applications across diverse technological fields. A variety of physical and chemical methods have been developed 

to synthesize SnO2 nanoparticles, including thermal evaporation [9], sol-gel [10], hydrothermal [11], microwave 

irradiation [12], chemical precipitation [13], electrochemical routes [14], etc. However, many of these techniques 

involve using toxic and hazardous chemicals and high temperatures or high-pressure conditions. There is a need 

for facile, eco-friendly green chemistry approaches to produce high-quality SnO2 nanomaterials under ambient 

conditions. Wet chemical techniques like precipitation are attractive due to their simplicity, low cost, and easy 

scaled up synthesis without sophisticated instrumentation [12, 15, 16]. Tin (II) oxide (SnO) is a useful precursor 

for controlled conversion to SnO2 nanoparticles, but its growth is challenging since Sn2+ tends to be oxidized to 

Sn4+ in the air [17]. The morphological features, including particle size, shape, porosity and crystallite size, 

bandgap, and surface defects, can be effectively tailored by tuning key synthesis parameters such as pH, ageing 

time, temperature, etc [18, 19]. Calcination of the as-prepared SnO2 precursor is commonly performed to improve 

the crystallinity and remove residual organics or moisture. The calcination temperature significantly influences 

the nanoparticle morphology and crystallite growth [15, 20]. Inorganic nanomaterials exhibit higher thermal and 

chemical stability than organic antibiotics, making metal oxide nanoparticles such as SnO2 attractive antibacterial 

agents [15, 18, 21–23]. The antibacterial activity arises from generating reactive oxygen species on the 

nanoparticle surface and interacting with the cell membrane. The activity depends on the bacterial strain owing to 

differences in cell wall structure between Gram-positive and Gram-negative species [22,24]. Gram-positive 

bacteria have a thick peptidoglycan layer containing teichoic and lipoteichoic acids. In contrast, Gram-negative 

bacteria possess a thin peptidoglycan layer and an outer membrane containing lipopolysaccharides and membrane 

proteins. There is considerable interest in applying SnO2 nanoparticles as antibacterial agents against both 

pathogenic strains [17, 20]. However, systematic studies directly correlating the SnO2 crystallite size, nanoparticle 

microstructure and surface defects with the antibacterial behaviour are still lacking. Despite the tremendous 

potential of SnO2 nanoparticles as antibacterial agents, most prior works have utilized SnO2 synthesized using 

toxic chemicals and harsh conditions [25–27]. Some biochemical techniques have been reported for SnO2 synthesis 

but face challenges for scaled-up production [28, 29]. Furthermore, systematic correlations elucidating the 

dependence of antibacterial activity on the SnO2 crystallite size, nanoparticle morphology, and surface defects are 

lacking. Hence, there is an urgent need to develop green chemistry approaches for controlled SnO2 nanoparticle 

synthesis and establish structure-property relationships guiding their antibacterial applications [30, 31]. In this 

work, we seek to address this need for green synthesis and structure-property understanding of SnO2 nanoparticles 

by developing an eco-friendly chemical precipitation route for tailored nanoparticle synthesis at room temperature. 

We utilize tin (II) chloride and ammonia precursors to synthesize SnO2 nanoparticles with controlled crystallite 

size, phase purity, and surface defects by adjusting the precursor ratios and post-calcination temperatures. 

Additionally, we aim to provide new insights into the dependence of reactive oxygen species generation and 

antibacterial activity on the SnO2 crystallite size and surface defects against model Escherichia coli and 

Staphylococcus aureus strains. The SnO2 nanoparticles are thoroughly characterized by powder X-ray diffraction 

(XRD), Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and energy 

dispersive x-ray spectroscopy (EDS) techniques. Furthermore, the antibacterial activity was evaluated against 

model Gram-negative Escherichia coli (E. coli) and Gram-positive Staphylococcus aureus (S. aureus) strains by 

standard zone of inhibition studies. This synthesis approach and correlation study provide a useful foundation for 

the potential integration of green synthesized SnO2 nanomaterials in water treatment and food packaging 

applications needing targeted antibacterial function. 

2. Experimental 

2.1 Materials 

Tin (II) chloride dihydrate (SnCl2·2H2O, 99.9% purity) and ammonium hydroxide (NH4OH, 25% in H2O) were 

procured from Sigma-Aldrich. Nutrient agar and Mueller-Hinton agar/broth were obtained from HiMedia 

Laboratories for antibacterial tests. All chemicals were of analytical grade and used as received without further 

purification. 

2.2 Synthesis of SnO2 Nanoparticles 

SnO2 nanoparticles were synthesized by a facile chemical precipitation method at room temperature. In a typical 

procedure, 0.1 M aqueous solution of SnCl2·2H2O precursor was prepared by dissolving 1.89 g of tin (II) chloride 

dihydrate in 100 mL of deionized water under constant stirring. Ammonium hydroxide was added dropwise to the 
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salt solution until pH 10 to generate white precipitates of tin hydroxide. The precipitate was aged for 30 min under 

continuous stirring, filtered, and washed thoroughly with deionized water 3-4 times. The filtered residue was dried 

overnight at 100°C in a hot air oven to remove moisture. Finally, the dried precursor was calcined at 300°C, 400°C 

and 500°C for 1 h each in ambient air to obtain pure tetragonal SnO2 nanoparticles. 

2.3 Characterization 

The crystallinity and phase purity of the as-synthesized and calcined SnO2 nanoparticles were examined by X-ray 

diffraction (XRD, Shimadzu X6000 diffractometer) using CuKα radiation (λ=1.5418 Å). The XRD patterns were 

recorded at 40 kV and 30 mA over a 2θ range of 20°-80° at a scan rate of 2°/min. The average crystallite sizes 

were estimated using the Scherrer equation. The surface morphology was studied by scanning electron microscopy 

(SEM, VegaIII TESCAN). Fourier analyzed the chemical bonding and vibrational modes transform infrared 

spectroscopy (FTIR, Bruker Alpha II) over 400-4000 cm-1 range at 4 cm-1 resolutions. 

2.4 Antibacterial Testing 

The antibacterial activity of the calcined SnO2 nanoparticles was evaluated against Gram-negative E. coli and 

Gram-positive S. aureus by a standard zone of inhibition method using Mueller-Hinton agar medium. Both 

bacterial strains were grown in Mueller-Hinton broth at 37°C for 17-19 h. The inhibition zone diameters were 

measured to determine the activity. 

3. Results and Discussion 

3.1 Structural Characterization 

The phase evolution and crystallinity of the as-synthesized and calcined SnO2 nanoparticles were investigated by 

powder X-ray diffraction (XRD) measurements using CuKα radiation (λ = 1.5418 Å). Before calcination, the XRD 

pattern of the precursor sample heated to 100°C showed the formation of an intermediate greyish beige coloured 

hydro-tin oxide (Sn3O2(OH)2) phase as the major component along with minor peaks corresponding to SnO and 

residual unreacted SnCl2·2H2O impurities (Fig. 1). The broad overlapped peaks indicate the partially hydrolyzed 

nature of the as-prepared sample. The minor reflections at 2θ values of 33.3°, 50.7°, 62.5°, and 67.7° can be 

indexed to the (110), (112), (103) and (113) planes of tetragonal SnO (ICDD #06-0395). This indicates partial 

hydrolysis of the tin chloride precursor upon adding ammonia to form the oxyhydroxide intermediate. The 

emergence of hydro-tin oxide (Sn3O2(OH)2) as the predominant phase confirms partial hydrolysis of the 

SnCl2·2H2O precursor has occurred following ammonia addition, leading to the formation of the oxyhydroxide 

intermediate. The minor presence of residual SnCl2·2H2O and SnO indicates the hydrolysis reaction is incomplete 

at 100°C. This demonstrates that the as-prepared precursor consists of poorly crystalline Sn3O2(OH)2 and traces 

of unreacted starting materials. Subsequent calcination is necessary to obtain phase pure tetragonal SnO2, as 

corroborated by the XRD patterns at higher temperatures. Observing minor SnCl2·2H2O and SnO impurities 

provides insights into the reaction kinetics and hydrolysis pathway involved in the low-temperature synthesis. 

Upon calcination from 300°C to 500°C, the XRD patterns confirmed a successful phase transition to tetragonal 

rutile SnO2 as the major phase (ICDD # 41-1445) along with significant improvement in crystallinity. No 

unidentified impurity peaks were observed, suggesting high phase purity of the calcined SnO2 nanoparticles. The 

prominent (110), (101) and (211) reflections correspond to the tetragonal SnO2 phase. The average crystallite size 

(D) was estimated from the XRD peak broadening using the Scherrer equation Eq. (1) [32]: 

       D = 0.9λ/βcosθ                                                                       (1) 

Where λ is the X-ray wavelength, β is the full width at half maximum (FWHM) of the diffraction peak, and θ is 

the Bragg angle. 
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Figure 1: Evolution of SnO2 phase purity with calcination temperature. XRD precursor pattern at 100°C shows 

SnCl2•2H2O, Sn3O2(OH)2 and SnO phases. Calcined SnO2 at 300°C, 400°C and 500°C exhibits tetragonal SnO2 

as dominant phase. 

The peak breadth decreased progressively with increasing calcination temperature from 300°C to 500°C, 

indicating crystallite growth. Correspondingly, the crystallite size increased from 11.9 nm to 13.9 nm and 17.2 nm 

for the samples calcined at 300°C, 400°C and 500°C, respectively, as summarized in Table 1. The particle growth 

is likely due to aggregation and sintering effects at higher temperatures. Additionally, the enhanced intensity and 

reduced FWHM of the XRD peaks point to improved crystallinity at higher calcination temperatures owing to the 

increased ordering of the atomic planes and conversion of amorphous fractions to crystalline SnO2 phase. The 

average lattice parameters calculated using the (hkl) plane spacing (d) were determined to be a = b = 4.732 Å and 

c = 3.660 Å, consistent with tetragonal SnO2. The XRD analysis confirmed that purity tetragonal SnO2 

nanoparticles were obtained after thermal calcination with systematic crystallite growth at higher temperatures. 

Table 1: Variation in crystallite size of SnO2 nanoparticles with calcination temperature estimated from XRD 

data using Scherrer equation. 

Calcination 

Temperature (°C) 
2Theta (deg) d (Å) FWHM (deg) (hkl) 

Crystallite Size 

(nm) 

300 

26.608 3.347 0.489 110 13.01 

33.864 2.645 0.602 101 10.79 

51.765 1.765 0.575 211 12.01 

400 

26.615 3.347 0.437 110 13..03 

33.874 2.644 0.480 101 13.53 

51.774 1.764 0.467 211 14.78 

500 

26.593 3.349 0.348 110 18.35 

33.858 2.645 0.418 101 15.54 

51.764 1.765 0.389 211 17.76 

The evolution of surface morphology and microstructure of the as-synthesized and thermally annealed SnO2 

nanopowder were thoroughly investigated using scanning electron microscopy (SEM). Significant changes in 
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particle morphology and microstructure were observed in the SEM micrographs after calcination from 300°C to 

500°C (Fig. 2). At 300°C, partial fusion of nanoparticles into larger irregular clusters occurred leading to surface 

smoothening, indicative of initial sintering. The average particle size increased to ∼68 nm. Further, the rise in 

calcination temperature to 400°C showed increased densification and grain growth, as evidenced by larger 

nanoparticles of ∼87 nm and distinct grain boundaries. Well-defined facets and polyhedral morphologies were 

observed in the 500°C calcined sample with an average particle size of ∼93 nm. 

 
Figure 2: Microstructural evolution of SnO2 nanoparticles with calcination temperature. SEM micrographs at 

low and high magnification show morphology and agglomeration at 300°C, 400°C, and 500°C. 

Image analysis was conducted using MountainsMap software by measuring over 100 particles from the SEM 

micrographs. This quantitative analysis reaffirmed the particle enlargement at higher calcination temperatures. 
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The sintering led to a reduction in porosity and surface area. The particle growth likely occurs due to accumulation, 

interparticle fusion, and Ostwald ripening effects, which are accelerated at elevated temperatures [33]. The SEM 

findings corroborate well with the crystallite growth inferred from XRD peak narrowing. The smaller particle size 

and higher specific surface area of the 300°C sample would facilitate increased surface redox reactions. In contrast, 

the surface available for catalytic antibacterial activity may be restricted in the larger particles of the 400°C and 

500°C samples. Thus, SEM provided critical insights into the surface morphology, microstructure evolution, and 

sintering dynamics of nanocrystalline SnO2 particles with the variation in thermal processing conditions. The EDS 

spectra in Fig. 3 confirm the presence of tin (Sn) and oxygen (O) as the predominant elements in all three SnO2 

samples calcined at 300°C, 400°C, and 500°C. This verifies the chemical composition aligns with pure SnO2, as 

expected from the synthesis method. Additionally, residual traces of chlorine (Cl) originating from the tin chloride 

precursor are observed. The Cl content declines from 0.9 wt% in the 300°C sample to 0.21 wt% in the 500°C 

sample. The reduction of Cl impurity with higher calcination temperature indicates a more thorough removal of 

remnant precursor and improved sample purity. Estimating the atomic Sn/O ratios from the EDS data reveals 

values approaching the ideal stoichiometric ratio of 0.5 for SnO2 across all samples. The proximity of measured 

Sn/O ratios to 0.5 confirms the precipitation and calcination approach yields near-stoichiometric SnO2 

nanoparticles without substantial oxygen vacancies. In summary, the EDS elemental analysis verifies the 

successful synthesis of stoichiometric SnO2 nanopowder after calcination, with systematic decreases in residual Cl 

impurities at higher temperatures. The results validate the phase purity and composition of the SnO2 nanoparticles 

obtained through the low-cost, eco-friendly chemical precipitation route. 

 
Figure 3: Elemental analysis of SnO2 nanoparticles by EDS. Spectra for the samples calcined at 300°C, 400°C 

and 500°C confirm the presence of Sn and O as major elements and trace Cl. 

Fourier transform infrared (FTIR) spectroscopy elucidated the progression of chemical bonding configurations 

and vibrational fingerprints in the as-synthesized and calcined SnO2 nanoparticles (Fig. 4). The precursor sample 

heated to 100°C exhibited a broad envelope centred at 3348 cm-1 attributed to the O-H stretching vibrations of 

absorbed water molecules and N-H stretching of ammonium residues from the synthesis [34, 35]. The peaks at 

1606 cm-1, 714 cm-1 and 537 cm-1 are ascribed to the H-O-H bending, Sn-O stretching, and Sn-Cl stretching modes 

respectively [36, 37]. The emergence of these bands corroborates the formation of a hydrated oxyhydroxide 

intermediate phase along with unreacted tin chloride precursor, as inferred from XRD patterns. Upon calcination 

to 300°C, the O-H and N-H peaks diminished, indicating desorption of physisorbed species. Simultaneously, new 

asymmetric CO2 stretches manifested at 2341 cm-1 and 2360 cm-1 due to atmospheric carbon dioxide. The broad 

envelope spanning 500-850 cm-1 originates from overlapped metal-oxygen lattice vibrations of nanocrystalline 
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SnO2. The intense peak at 608 cm-1, accompanied by a shoulder around 459 cm-1, represents the asymmetric and 

symmetric O-Sn-O bridging stretches, respectively [31, 35, 38]. The surface Sn-O-Sn bending mode contributes 

to the band at 855 cm-1 [36, 39]. With increasing calcination temperature to 400°C and 500°C, incremental blue-

shifting and sharpening of these Sn-O-Sn and O-Sn-O peaks occurred, congruent with improved crystallinity and 

particle growth as evidenced in XRD and SEM. Concurrently, the Sn-Cl stretching mode at 537 cm-1 faded and 

disappeared by 300°C, indicative of complete hydrolysis of tin chloride to stoichiometric SnO2, further validated 

by declining chlorine content in EDS analysis. The FTIR analysis substantiated the chemical pathway involving 

thermal desorption of precursor species and crystallization of nanocrystalline SnO2 exhibiting characteristic 

vibrational fingerprints. The trends align well with phase evolution observed using diffraction and microscopy 

techniques. 

 
Figure 4: Calcination-induced changes in FTIR spectra of SnO2. Broad envelope from 500-700 cm−1 represents 

Sn-O-Sn and O-Sn-O vibrational fingerprints in samples treated at 100°C, 300°C, 400°C and 500°C. 

3.2 Antibacterial Performance 

The antibacterial activity of the SnO2 nanoparticles calcined at 300°C, 400°C and 500°C was evaluated against 

model Gram-negative E. coli and Gram-positive S. aureus bacterial strains using standard agar well diffusion 

assays [40, 41]. As seen in the zone of inhibition (ZOI) results (Fig. 5), the SnO2 nanoparticles exhibited excellent 

antibacterial power against E. coli and S. aureus, as evident from the clear ZOIs formed around the nanoparticle-

loaded wells. The extent of ZOI gave a quantitative indication of the antibacterial activity. Interestingly, an inverse 

correlation between the SnO2 crystallite size and antibacterial activity was observed. The 300°C calcined sample 

with the smallest crystallite size of 11.9 nm showed maximum inhibition zone diameters of 25 mm and 29 mm for 

E. coli and S. aureus, respectively. The enhanced antibacterial effect of the lower crystallite size SnO2 sample is 

attributed to the higher surface area and increased density of surface defects such as oxygen vacancies. This can 

promote the generation of reactive oxygen species (ROS) like •OH, O2
−• and H2O2 when the particles are irradiated 

or upon interaction with bacterial cells. ROS can damage the cell membrane and intracellular components, leading 

to leakage of cytoplasmic content and cell death. Additional mechanisms involve direct oxidative damage of cell 

wall/membrane by SnO2 nanoparticle interaction and release of Sn2+ ions. 
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Figure 5: Photographs showing antibacterial activity of SnO2 nanoparticles calcined at different temperatures 

against E. coli and S. aureus by zone of inhibition method. 

Another factor is the cell wall structure of the bacterial strains. The thicker peptidoglycan layer of Gram-positive 

S. aureus could be more prone to ROS attack compared to the lipopolysaccharide membrane of Gram-negative E. 

coli. The results demonstrate that the SnO2 nanoparticle crystallite size can be effectively tailored by tuning the 

calcination temperature to achieve optimal antibacterial activity against both Gram-types of pathogenic bacteria. 

The data in Table 2 shows the relationship between the crystallite size of calcined SnO2 nanoparticles and their 

antibacterial activity against E. coli and S. aureus, as measured by inhibition zone diameter. As the calcination 

temperature was increased from 300°C to 500°C, the crystallite size of the SnO2 nanoparticles systematically grew 

larger, from 11.9 nm to 17.2 nm, due to sintering and particle growth effects. 

Table 2: Correlation between crystallite size of calcined SnO2 nanoparticles and inhibition zone diameter for E. 

coli and S. aureus bacterial strains. 

Calcinations 

Temperature OC 
Crystallite Size (nm) ZOI (mm) E. coli ZOI (mm) S. aureus 

300 11.93 25 29 

400 13.87 13 22 

500 17.21 11 17 

Correspondingly, the inhibition zone diameters for both bacterial strains consistently decreased with increasing 

SnO2 crystallite size. The sample calcined at 300°C, with the smallest crystallite size of 11.9 nm, exhibited the 

most significant inhibition zones of 25 mm for E. coli and 29 mm for S. aureus. In contrast, the sample calcined 

at 500°C, with the largest crystallite size of 17.2 nm, showed the narrowest inhibition zones of 11 mm for E. coli 

and 17 mm for S. aureus. This inverse relationship demonstrates that the antibacterial activity is reduced as the 

crystallite size of the SnO2 nanoparticles increases. The enhanced antibacterial activity of smaller SnO2 crystallites 

can be attributed to their larger surface area and higher density of surface defects, which can more effectively 

generate reactive oxygen species. Table 3 compiles the antibacterial activity of SnO2 nanoparticles synthesized by 

various methods reported in literature against different microorganisms. It can be observed that the precipitation-

synthesized SnO2 NPs in this work exhibit comparable or superior antibacterial activity relative to SnO2 prepared 

by other more complex techniques. The SnO2 NPs synthesized via precipitation in this study showed a zone of 

inhibition ranging from 11-29 mm against E. coli and S. aureus. This activity is similar to SnO2 NPs of comparable 

size prepared by co-precipitation (10-22 mm ZOI) [25, 26], precipitation (6-15 mm ZOI) [30], sol-gel (2-18 mm 

ZOI) [18] and other methods (8-24 mm ZOI) [27–29, 31]. The excellent antibacterial performance of the 

precipitated SnO2 NPs demonstrates that high crystallinity and appropriate nanoparticle size are more critical 
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factors than the synthesis technique. The precipitation method produces high-purity crystalline SnO2 NPs of 

suitable size to penetrate bacteria cells and generate ROS to damage cellular components. The table highlights the 

potential of these facile precipitation-synthesized SnO2 NPs as antibacterial agents against both Gram-positive and 

Gram-negative pathogenic bacteria. 

Table 3: Comparison of antibacterial activity (zone of inhibition, ZOI) of SnO2 nanoparticles. 

Synthesis Method Composition 
Crystallite Size 

(nm) 
Microorganism ZOI (mm) Ref. 

Co-precipitation 
SnO2, CuO doped 

SnO2 
10-15 

E-coli 

K-neumo 

S-aureus 

10 [25] 

Co-precipitation 
SnO2, Co doped 

SnO2 
24.8 

E-coli 

B-subtilis 
16-22 [26] 

Precipitation SnO2 NPs 
E-coli 

S-aureus 
6-15 [30] 

Sol-Gel SnO2 9-10 
E-coli 

Micrococcus luteus 
2-18 [18] 

Precipitation SnO2 18.79 

E-coli 

B-subtilis 

Pseudomonas aeruginosa 

8-12 [31] 

Biosynthesis SnO2 35 

E-coli 

B-subtilis 

S-aureus 

Pseudomonas aeruginosa 

16-24 [28] 

Biosynthesis SnO2 18.2 

E-coli 

B-subtilis 

S-aureus 

S. pyogenes 

K. pneumoniae 

9-15 [29] 

Ultra-sonochemical SnO2 5-30 
E-coli 

C. albicans 
14-22 [27] 

Precipitation SnO2 12-17 
E-coli 

S-aureus 
11-29 

Current 

work 

5. Conclusions 

In this work, SnO2 nanoparticles were successfully synthesized via a simple chemical precipitation route using tin 

chloride and ammonia precursors at room temperature. XRD studies confirmed the formation of tetragonal SnO2 

with high phase purity after calcination from 300°C to 500°C. The average crystallite size systematically increased 

from 11.9 nm to 17.2 nm with higher calcination temperature due to sintering. FTIR spectra revealed the 

characteristic Sn-O and O-Sn-O vibrational modes in the samples. SEM micrographs demonstrated the particle 

size enlargement from ∼68 nm to ∼93 nm upon calcining from 300°C to 500°C due to aggregation and Ostwald 

ripening effects. The antibacterial activity of the calcined SnO2 nanoparticles against E. coli and S. aureus was 

found to be inversely related to the crystallite size. The sample calcined at a lower temperature of 300°C with the 

smallest crystallite size of 11.9 nm exhibited maximum inhibition zones of 25 mm and 29 mm against E. coli and 

S. aureus, respectively. The higher surface area and surface defects in smaller crystallites can generate reactive 

oxygen species, thereby enhancing antibacterial behaviour. This work demonstrates that the SnO2 nanoparticle 

crystallinity and morphology can be effectively tailored by tuning the calcination temperature to achieve optimal 

antibacterial action against Gram-positive and Gram-negative pathogenic bacteria. The green chemistry approach 

presents a facile route for controlling the antibacterial activity of SnO2 nanomaterials for water treatment and food 

packaging applications. 
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