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ABSTRACT 
Introduction Nanoparticles are spherical particles composed of natural or artificial polymers, having size of 10 
and 500 nm. These particles have a wide range of potential applications and NPs in particular have demonstrated 
broad-spectrum antibacterial properties against both Gram-positive and Gram-negative bacteria. Metal 
nanoparticles containing metals such as strontium, titanium, iron and zinc have been increasingly used for their 
antibacterial properties in recent times. 
Materials and methods ZnO was prepared by using zinc chloride and sodium bicarbonate, SrTiO3 was obtained 
from strontium nitrate and titanium tetrachloride in the aqueous solution of NH3 and Fe2O3 was made by 
dissolving 10g of FeSO4.7H2O 
in 100 ml of double distilled water, to which 2 to 3 drops of concentrated sulfuric acid were added. The ternary 
nanocomposite was prepared by taking 0.98 g of prepared SrTiO3/ZnO which was dispersed in 40 mL of ethanol. 
0.02 g Fe2O3 powder is added into the above solution and again stirred upto 12 hours. A rosy white powder is 
obtained after volatilization of the ethanol and drying at 80 °C in the air. , which is the nanocomposite. 
Results The XRD pattern displayed several sharp peaks indicating that the material is polycrystalline, the 
functional groups present in the nanocomposite was studied using FTIR where ZnO showed a peak at 1134 cm−1, 
Fe2O3 at 3796 cm−1 and SrTiO3 at 580 cm−1. SEM images showed SrTiO3 in the form of cubic crystals, 
spherical/granular particles that are characteristic of ZnO. EDX spectrum results showed the presence of 27.7% 
zinc and 34.4% oxygen. Culture plates show significant clear zones of inhibition , confirming broad-spectrum 
antibacterial effect, with values of 22–25 mm. 
Conclusion The synthesis and characterization of SrTiO3/Fe2O3/ZnO nanocomposites was successful and was 
proved using data from XRD, SEM and FTIR. Its antibacterial activity against S.mutans and E.faecalis was also 
studied and at higher concentration, its zone of inhibition was similar to the control.. 
Keywords: Antibacterial activity, Characterisation, Ferric oxide, Innovation, Nanocomposite , Sustainability, 
Strontium titanate, Synthesis, Zinc oxide. 

INTRODUCTION 
Nanoparticles are spherical, polymeric particles composed of natural or artificial polymers. They range in size 
between 10 and 500 nm, and as a consequence of their spherical shape and high surface area to volume ratio, these 
particles have a wide range of potential applications [1]. In recent years, these materials have emerged as key 
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components in modern medicine, with applications ranging from contrast agents in medical imaging to carriers 
for gene delivery into individual cells. Nanoparticles have a number of properties that distinguish them from bulk 
materials simply by virtue of their size, such as chemical reactivity, energy absorption, and biological mobility 
[2]. 
Additionally, nanoparticles are increasingly used to target bacteria as an alternative to antibiotics. NPs in particular 
have demonstrated broad-spectrum antibacterial properties against both Gram-positive and Gram-negative 
bacteria. For example, ZnO NPs were found to inhibit Staphylococcus aureus, and Ag NPs exhibit concentration-
dependent antimicrobial activity against Escherichia coli and Pseudomonas aeruginosa. [3]. According to existing 
research, the major processes underlying the antibacterial effects of NPs are the disruption of the bacterial cell 
membrane, generation of ROS, penetration into the bacterial cell membrane and induction of intracellular 
antibacterial effects, including interactions with DNA and proteins [4]. 
Metal nanoparticles containing metals such as strontium, titanium, iron and zinc have been increasingly used for 
their antibacterial properties in recent times. ZnO-NPs exhibit attractive antibacterial properties due to increased 
specific surface area as the reduced particle size leads to enhanced particle surface reactivity. ZnO-NPs are 
reported by several studies as non-toxic to human cells and this aspect necessitated their usage as antibacterial 
agents and hold good biocompatibility to human cells [5,6]. Similarly, iron oxide NPs have antimicrobial activity 
against both Gram-positive (including Staphylococcus aureus) and Gram-negative (including Escherichia coli) 
bacteria. 
Strontium based nanoparticles are also continuously increasing in numerous fields including medicine and 
biology, drug delivery, biosensors and catalysts. Conventionally, strontium is used in bone regeneration, as a 
growth stimulant, and has the ability to stimulate calcium signaling [7]. Strontium-conjugated nanomaterials 
exhibit antimicrobial ability and are used in targeted drug delivery and can elicit a prolonged immune response 
[8]. They are also efficient in the removal of toxic contaminants from industrial wastewater. In conclusion, it can 
act as a good immunotherapeutic agent [9]. 
Iron oxide nanoparticles are gaining momentum in recent years due to their significant physicochemical 
properties. Among the transition metal oxides, iron oxide nanoparticles have drawn tremendous interest from 
researchers from the last decade. This can be attributed to their chemical stability, cheap, and non-toxic nature 
[10]. Hematite nanoparticle, which is a type of iron oxide NP, is more popular than other types due to its cost-
effective synthesis, non-toxic nature, stability at room temperature, environment friendliness, a reusable and has 
a wide range of applications such as catalysts, contrast agents in Magnetic Resonance Imaging (MRI), anticancer 
therapeutics drug delivery, pigments, gas sensors and biosensors [11]. 
Iron oxide nanoparticles have also been used for delivering medicines and viral vectors to target cells. The 
antibacterial activity of iron oxide nanoparticles is of special interest, as the emergence of antibiotic-resistant 
strains is a serious problem for world public health [12]. Keeping all the various properties of the above 
nanocomposites in mind, this study aims to synthesize and characterise SrTiO3/Fe2O3/ZnO nanocomposites and 
check its antibacterial activity against dental pathogens. 

 
Materials and methods 
Materials used 
Zinc chloride, sodium bicarbonate, strontium nitrate, titanium tetrachloride, aqueous ammonia, ferrous sulfate 
heptahydrate, sulphuric acid, ethanol, oxalic acid, sodium hydroxide, 0.1 M Hydrochloric acid. 
Preparation of ZnO 
ZnO was prepared by using zinc chloride and sodium bicarbonate. 10g of Zinc chloride weighed and transferred 
into a 250 ml beaker, which dissolved in 100 ml of distilled water. 6.2g of sodium bicarbonate was added to that 
portion with vigorous stirring for a few minutes until precipitate was formed. The precipitate was washed three 
times with distilled water to remove sodium chloride that was formed. It was dried at 100ºC to remove the water. 
The solid was transferred into agate mortar and ground up to fine powder. The powder was calcinated at 500ºC in 
muffle furnace using ceramic crucible. 

 
Preparation of SrTiO3 

SrTiO3 was obtained from strontium nitrate and titanium tetrachloride in the aqueous solution of NH3. 10g of 
strontium nitrate was carefully dissolved in 100 ml of distilled water. 10 ml of TiCl4 was added into 100 ml of ice 
cold distilled water while stirring for 2 hours and a clear solution was obtained after stirring. To that solution, an 
already prepared strontium solution was added drop wise, following which an aqueous solution of NH3 brown 
precipitate was formed. The precipitate was washed several times and then dried at 100°C to remove the water. 
The dried solid was grinded agate mortar and pressed into a ceramic crucible. The material was calcinated at 
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600°C for 4 hours. 
Preparation of Fe2O3 

10g of FeSO4.7H2O was dissolved in 100 ml of double distilled water. To that solution, 2 to 3 drops of concentrated 
sulfuric acid were added up to get a clear solution and then an aqueous solution of NH3 precipitate was added to 
get precipitate. The precipitate was washed several times and then dried at 100°C to remove the water. The dried 
solid was calcinated at 550°C in 5 hours. 
Fabrication of SrTiO3/Fe2O3/ZnO ternary composite 
The typical preparation of SrTiO3/Fe2O3/ZnO ternary composites photocatalysts are as follows: firstly, 0.98 g of 
prepared SrTiO3/ZnO binary composite are dispersed in 40 mL of ethanol and stirred for 1 hour . Then, 0.02 g 
Fe2O3 powder is added into the above solution and again stirred upto 12 hours. After volatilization of the ethanol, 
dark greenish powder is obtained after drying at 80 °C in the air. The rosy white powder is the SrTiO3/Fe2O3/ZnO 
ternary composites. 

 
 

RESULTS 
Figure 1 presents the results of X-ray diffraction, which is performed with the intention of substantiating various 
phases of the nanoparticles. The graph confirms the successful synthesis and coexistence of three distinct 
crystalline phases within a single nanocomposite material. The XRD pattern displays several sharp, well-defined 
peaks, indicating that the material is polycrystalline. Figure 2 shows the FTIR spectrum, which identifies the 
diverse functional groups and chemical bonds present in the synthesized nanocomposite. The functional groups 
are indicated using peaks. In our study, ZnO shows a peak at 1134 cm−1, Fe2O3 shows a peak at 3796 cm−1 and 
SrTiO3 shows peak at 580 cm−1. The presence of these specific peaks confirms that all three metallic components 
are chemically active and bonded with oxygen. 
Figure 3 shows SEM images that provide visual confirmation of the physical structure and surface arrangement 
of the nanocomposites. The images show a heterogeneous morphology, as it is a ternary nanocomposite. The cubic 
structure represents SrTiO3, which naturally forms cubic crystals. The spherical/granular particles are 
characteristic of ZnO and Fe2O3 nanoparticles that have decorated the surface of the larger cubic structures. Figure 
4 shows the EDX spectrum that provides a quantitative elemental analysis of the nanocomposite. The peaks on 
the graph correspond to the characteristic X-rays emitted by specific atoms when hit by the electron beam. The 
spectrum confirms the presence of all primary expected elements - zinc and oxygen. These show high-intensity 
peaks, aligning with the high weight percentages (27.7% and 34.4%, respectively). This suggests ZnO is a major 
component of the composite. The peaks of iron , titanium, and strontium are visible but much smaller (0.2% for 
Fe and slight traces for Ti and Sr). 
Images in figure 5 demonstrate the antibacterial efficacy of the nanocomposites using the Agar Well Diffusion 
method. The test was conducted against two clinically significant bacteria Streptococcus mutans, the primary 
bacteria responsible for tooth decay and dental plaque and Enterococcus faecalis, that is associated with root canal 
infections. Both plates show significant clear zones, confirming that the nanocomposite has a broad-spectrum 
antibacterial effect. Figure 6 shows the graph which measures the Zone of Inhibition (ZOI) in millimeters. The 
control, ciprofloxacin, represents the gold standard and shows the highest ZOI, roughly 26–28 mm. The NCs 
synthesized in the study, at the higher concentration are reaching values near 22–25 mm. This indicates that the 
NCs have high antibacterial potency, as they are approaching the effectiveness of the gold standard .For both E. 
faecalis and S. mutans, there is a significant jump in the ZOI diameter when moving from the lower to higher 
concentration, suggesting that the effect is dose dependent. 
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Figure 1 -XRD graph of SrTiO3/Fe2O3/ZnO NCs. 
 

 

 
Figure 2 - FTIR spectrum of SrTiO3/Fe2O3/ZnO NCs. 
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Figure 3 - SEM Images of SrTiO3/Fe2O3/ZnO NCs. 
 

 
Figure 4 - EDX spectrum of SrTiO3/Fe2O3/ZnO NCs. 

 

 
Streptococcus Mutans Enterococcus faecalis 

 
Figure 5 - Antibacterial activity of SrTiO3/Fe2O3/ZnO NCs against S. mutans and E. faecalis 

bacterial strains in comparison to ciprofloxacin. 
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Figure 6 - Mean diameter of the zone of Inhibition (in mm) of different antimicrobials performed 

in duplicates, error bars indicate +SD. 

 
Discussion 
From the above results, we conclude that we have successfully synthesised the ternary nanocomposite, which has 
been confirmed via tests such as XRD, FTIR and SEM. Apart from its synthesis, we have also tested this 
nanocomposite’s antibacterial activity against E. faecalis and S.mutans with the gold standard and have found 
satisfactory results. 
In a similar research, where ZnO was synthesized, the average crystallite size of ZnO NPs was estimated by 
Scherrer's formula was found to be 41 nm, which is similar to that of this study [13]. A study that also synthesized 
mesoporous zinc oxide nanoparticles concluded that characterization of ZnO NPs revealed that all the particles 
were in a more or less spherical shape with a wide particle size distribution of 70-100 nm. TEM image showed 
uniform and aggregated ZnO NPs with a typical size of 10-15 nm [14]. By studying and characterising ZnO NPs 
using Phlomis leaf extract, a study concluded that its size was found to be around 79 nm by FESEM, whereas the 
hydrodynamic radius of nanoparticles was estimated to be around 165 ± 3 nm. FTIR spectra revealed the formation 
of ZnO bonding and surfactant molecule adsorption on the surface of ZnO NPs [15]. 
Looking at the antibacterial activity of ZnO NPs, a study concluded that the biogenic ZnO nanoparticles exhibited 
strong antibacterial activity against E. coli and S. aureus with a zone of inhibition of 16 mm and 14 mm 
respectively. This high antibacterial and catalytic activity of biogenic ZnO nanoparticles can be attributed to its 
small size, good dispersion, and well-defined morphology [16]. 
In a previously published article , SEM images of strontium oxide nanoparticles at room temperature showed 
pseudo spherical shape. As the temperature increases up to 4000C it starts agglomeration and the shape becomes 
cubic. Finally it becomes cylindrical on further increase of temperature up to 6000C [17]. It was concluded in 
another study that the particles in the samples were compactly arranged and were almost spherical in shape [18]. 
A study that synthesized strontium oxide nanoparticles by Elodea canadensis extract and studied it’s antibacterial 
activity concluded that the XRD pattern revealed a face-centered cubic crystalline structure and the presence of 
both strontium and oxygen was verified in the synthesized NPs. The antibacterial potential of the NPs against 
Escherichia coli and Bacillus subtilis was evaluated. The largest inhibitory zone against E. coli (diameter, 22 mm) 
and B. subtilis (diameter, 20 mm) was observed at a concentration of 24 µg·mL−1 [19]. 
In a similar study that characterized iron nanoparticles, Fe3O4-NPs exhibited a granular, homogenous, spherical-
shaped structure with an average diameter of approximately 16 nm [20]. Previous studies that synthesized ferric 
oxide NCs studied its antibacterial activity, concluded the broad spectrum antibacterial activity of the tested 
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nanomaterials against both Gram positive (S. aureus) and Gram negative (E. coli) bacteria with increased activity 
against Gram positive bacteria than Gram negative one [21]. Another study that also studied the antimicrobial 
activity of iron oxide nanoparticles, concluded that antibacterial properties against Gram-positive bacteria 
(Staphylococcus epidermidis, Staphylococcus aureus, Micrococcus luteus, Enterococcus faecalis, Bacillus 
cereus) were better and had a MIC value of 2.5-10 mg/mL to 0.313-1.25 mg/mL [22]. 
Although the above results show us a promising future for SrTiO3/Fe2O3/ZnO NCs, it is important to note that 
more studies are required to understand various other applications such as antioxidant, anti inflammatory, 
antifungal properties, etc. Since this is an in vitro study, its side effects and limitations are unknown and in order 
to study this, more research, especially in vivo studies are required. But collectively, the findings of this research 
show that the synthesis of SrTiO3/Fe2O3/ZnO NCs is a probable option for developing novel materials for 
biomedical applications. 
Conclusion 
From this study, it can thus be concluded that we have successfully synthesized and characterized 
SrTiO3/Fe2O3/ZnO nanocomposites and proved its antibacterial activity against S.mutans and E.faecalis. 
However, since this is an in vitro study, it has to be studied in detail in vivo to know its true advantages, as well 
as limitations. By incorporating these nanoparticles in commercial products, they will help in reducing the risks 
of oral diseases and progression of the bacterial growth. 
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