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ABSTRACT 
Introduction: Oral illnesses (dental caries, periodontitis, bleeding gums, toothache, oral sores, bad breath, tooth 
sensitivity, tooth loss, and oral cancer) continue to be a major global health concern despite breakthroughs in 
dentistry. Nanocomposite materials have garnered attention in dentistry due to their unique properties, including 
enhanced surface reactivity and antimicrobial potential. CoTiO3/CdS/ZnO, with its combination of cobalt titanate, 
cadmium sulfide, and zinc oxide, presents an intriguing composition for exploration in the realm of oral healthcare. 
Materials and methods: In the preparation of 0.5 wt % CoTiO3/ZnO/CdS ternary composites, 0.05 g of CdS and 
0.995 g of CoTiO3/TiO2 was mixed with pistil mortar and ground gently to get fine powder. This ternary mixture 
subsequently annealed at 300°C for 3 hours in a muffle furnace. The CoTiO3/ZnO/CdS ternary composites with 
1, 2, 3 and 4 wt% of CdS were prepared by varying CoTiO3/ZnO/ and CdS ratios as in a same method and labeled 
as CTZC-1, CTZC -2, CTZC -3, and CTZC -4 respectively. 
Results: In XRD, the peaks identified at (110), (100), (113) and (102) planes which agrees with JCPDS values - 
CoTiO3 is 77-1373, CdS is 41-1049 and ZnO is 89-1397. In FTIR the absorption bands located at about 1562 and 
1371 cm-1 are due to the O–H bending vibration while the bands located around 3495 cm-1 is due to the O–H 
stretching mode of adsorbed water molecules. The morphology of CoTiO3/CdS/ZnO NC's shows well-defined 
flakes-like three-dimension (3D) microstructures with diameters in the range of 1 - 2 μm. Presence of antibacterial 
activity against S. mutans and E. faecalis. Zone of inhibition increases with increase in concentration of 
CoTiO3/CdS/ZnO nanocomposites. 
DISCUSSION: The structural and morphological characteristics of CoTiO3/CdS/ZnO were meticulously 
investigated to gain insights into its potential antibacterial properties. X-ray diffraction (XRD) analysis revealed 
distinct diffraction peaks corresponding to the crystalline phases of cobalt titanate, cadmium sulfide, and zinc 
oxide. 
Conclusion: CoTiO3/CdS/ZnO NC's are promising applicant for the photocatalytic demolition of bacterial cells. 
CoTiO3/CdS/ZnO NC's are effective alternative to organic based drugs. Structural, optical and morphological data 
confirm the successful synthesis of CoTiO3/CdS/ZnO NC's. 
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Introduction 
 
Oral illnesses (dental caries, periodontitis, bleeding 
gums, toothache, oral sores, bad breath, tooth 
sensitivity, tooth loss, and oral cancer) continue to 
be a major global health concern despite 
breakthroughs in dentistry (1). More than 530 
million children are believed to have primary tooth 
caries, and over 2.3 billion adults are said to have 
caries of the permanent teeth(2). There is ample 
evidence to suggest that oral disorders are associated 
with an increased risk of colorectal cancer, gum 
bleeding, toothache, preterm birth in pregnant 
mothers, chronic kidney disease, myocardial 
infarction, and stroke (2–8). According to reports, 

the majority of periodontal illnesses, including 
dental caries, gingivitis, periodontitis, plaque, and 
toothaches, are brought on by the intricate and 
elusive activities of more than 600 polymicrobial 
species that live in the oral cavity (9,10)(11). Gram-
positive and gram negative bacteria, including those 
linked to the development and progression of caries, 
such as Veillonella species, Atopobium species, 
Prevotella species, Streptococcus mutans, 
Lactobacillus species, Enterococcus faecalis, and 
certain nonmutant streptococci, are frequently found 
among these oral pathobionts (9)(12). Furthermore, 
common Gram-negative bacteria have been linked 
to aggressive periodontitis (13)(14), and commensal 
yeasts, such Candida albicans, have also been linked 
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to oral candidiasis (15), both of which need holistic 
treatments. 
Oral infections caused by bacterial pathogens pose a 
significant health concern, necessitating effective 
antimicrobial agents. Traditional treatments often 
face challenges like microbial resistance and limited 
efficacy. These infections can lead to severe oral 
health issues, emphasizing the need for advanced 
antibacterial agents. (16) The emergence of 
antibiotic resistance among pathogens has become a 
serious health problem that requires immediate 
attention. We know that more than 70% of bacterial 
infections are resistant to one or more antibiotics 
commonly used to eliminate the infection (17,18). 
There are generally two reasons for antibiotic 
resistance; one is the overuse or overuse of 
antibiotics and the second is the ability of 
microorganisms to form biofilms, a larger problem 
(19).  Biofilms are defined as colonies of bacterial 
cells and exist with additional polymeric substances 
(EPS).  EPS acts as a diffusion barrier and does not 
allow  antibiotics to penetrate inside the biofilm, 
thereby protecting the cells residing inside the 
biofilm. The consequence of limited antibiotic 
penetration inside the  biofilm allows cells to grow 
and proliferate by drawing nutrients from the 
biofilm, eventually becoming multidrug-resistant 
pathogens (19,20). In the medical field, a recent 
study found that up to 60% of human infections are 
caused by biofilms.  Therefore, effective strategies 
to destroy microorganisms and biofilms have 
become  an urgent need.  
Nanocomposite materials have garnered attention in 
dentistry due to their unique properties, including 
enhanced surface reactivity and antimicrobial 
potential. CoTiO3/CdS/ZnO, with its combination 
of cobalt titanate, cadmium sulfide, and zinc oxide, 
presents an intriguing composition for exploration in 
the realm of oral healthcare. 
Cobalt titanate (CoTiO3), cadmium sulfide (CdS), 
and zinc oxide (ZnO) individually possess 
characteristics beneficial for antimicrobial 
applications.(21)(22) CoTiO3 is known for its 
photocatalytic activity, while CdS and ZnO exhibit 
antimicrobial properties. Zinc oxide (ZnO), a 
semiconductor metal oxide, has been extensively 
studied because of its enormous exciton binding 
energy (60 meV) and wide band gap energy of 3.37 
eV(23)(24). The continuous photo-catalytical 
activity of ZnO nanoparticles under challenging 
processing circumstances has been another factor in 
their widespread use in antibacterial and 
antimicrobial research (25). When ZnO 
nanoparticles are exposed to light, they create 
electron-hole pairs and reactive oxygen species 
(ROS), which oxidize organic materials and give 
ZnO its biocidal properties (26). Nevertheless, 
because ZnO nanoparticles recombine charge 
carriers quickly (27), they are not particularly 
effective at separating electron-hole pairs. For this 

reason, efforts have been made to decrease the 
recombination of photogenerated electron-hole pairs 
in ZnO nanoparticles. Regarding this, ZnO 
nanoparticles.  This being said, ZnO nanoparticles 
have been doped or conjugated with other 
nanoparticles, such as ZnO/CdS for enhanced field 
emission behavior (28) , ZnO/CdS for enhanced 
photocatalytic activity , ZnO/CdS for antibacterial 
activity (29), ZnO/CdS for enhanced photocatalytic 
H2 evolution , and ZnO/CdS nanocomposite for 
solar cell. In this study, we have attempted to 
enhance the photocatalytic efficiency of CoTiO3 
nanoparticles by synthesizing a composite with ZnO 
and CdS nanoparticles, and further evaluated its 
antimicrobial and antibiofilm. This research aims to: 
investigate the structural and morphological 
properties of CoTiO3/CdS/ZnO; assess the 
antibacterial efficacy of CoTiO3/CdS/ZnO against 
common oral pathogens; establish the potential of 
CoTiO3/CdS/ZnO as a novel antimicrobial agent in 
dentistry. 

Materials and methods 

2.1 Materials 
Titanium tetrachloride (99.5%) supplied by 
LobaChemiePvt. Ltd, Ammonia solutions supplied 
by Merck and Cobalt nitrate are used for the 
preparation of the CoTiO3 photocatalyst. Zinc 
Chloride (98%) and sodium bicarbonate (99%) were 
supplied by Merck and used as such for the 
preparation of the ZnO photocatalyst. sodium 
sulfide and cadmium chloride by Merck used for 
preparation of CdS. Sodium hydroxide and 
Hydrochloric acid (both AR grades) from Loba 
Chemie were used as such for adjusting the pH of 
the dye solutions. Potassium dichromate (AR), 
Silver sulphate (GR), Mercury sulphate (GR) 99% 
Ferroin (GR) and Sulphuric acid were used for COD 
analysis. Double distilled deionised water was used 
for the preparation of dye solutions. Reactive 
Yellow 84 a widely used anionic azo dye in textile 
finishing processes with two monochlorotriazine 
anchor groups supplied by Vexent Dyeaux India 
Pvt. Ltd, Mumbai (minimum dye content 70%) was 
used as obtained for the photocatalytic studies.  

 

2.2 Methods 

2.2.1 Synthesis of ZnO photocatalyst 

10 g of zinc chloride was dissolved in 100 ml of 
double distilled water. To that solution, 6.2 g of 
sodium bicarbonate was added in portions with 
vigorous stirring for several minutes. The precipitate 
formed was washed several times with distilled 
water to remove NaCl formed. The Precipitate was 
then dried at 100ºC to remove the water. The solid 
obtained after drying was grounded in an agate 
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mortar and pressed into a ceramic crucible. The 
material was calcinated at 500ºC for 4 hrs.  

 

2.2.2 Synthesis of CoTiO3 

Provoskite CoTiO3 was synthesized by sol-gel 
method. Here, 2.5 ml of titanium tetrachloride was 
dissolved in 50 ml of ice-cold distilled water. 5.07 g 
of cobalt nitrte was dissolved in 100 ml distilled 
water in another beaker. The latter solution was 
slowly added to the former solution with constant 
stirring and then the pH of the solution was adjusted 
to pH 8 by adding aqueous ammonia drop by drop 
until the formation of a gel. The gel solution was 
washed repeatedly with distilled water, and 
centrifugation was carried out for the removal of 
chloride ions and was followed by drying at 100°C 
to remove part of the absorbed water. The dry gel 
was ground to fine powder in a pestle mortar and 
then calcinated at 550°C for 7 hr, which leads to the 
formation of CoTiO3. 

2.2.3 Synthesis of Cadmium sulphide 

CdS were synthesized by a previously reported 
hydrothermal route (Cheng et al. 2016), The 
required amount of sodium sulfde solution was 
slowly added into the cadmium chloride solution 
and stirred vigorously for 8 h. The stirred solution 
was left aging for another 4 h to get the product. 
Furthermore, it was ultrasonicated with water and 
transferred into 100 ml Teflon lined autoclave kept 
in 24 h at 180 °C. Finally, the yellow color 
precipitate was washed several times with ethanol 
and distilled water and the product was dried at 100 
°C for 10 h for further characterization. 

2.2.4 Formation of CoTiO3/ZnO heterojunction 
composites 

Synthesized pure wurtzite ZnO was used to fabricate 
the CoTiO3/ZnO heterojunction composite structure 
with provoskite CoTiO3. For the preparation of 2% 
CoTiO3/ZnO heterojunction composite, 0.02 g of 
CoTiO3 was first added to 40 ml of ethanol, to that 
0.2750 g of oxalic acid was added and the mixture 
was stirred in a magnetic stirrer to form a 
homogeneous suspension. To that suspension, 0.99 
g of ZnO was added and the stirring was continued 
for 12 hours. Then the suspension was dried and 
subsequently annealed at 300°C for 3 hr in a muffle 
furnace. The final product obtained was labelled as 
CoZ 2. Similarly 4, 6, 8 and 10 wt% of CoTiO3/ZnO 
heterojunction composites were prepared by varying 
CoTiO3 and ZnO ratios and were labelled as CoZ 4, 
CoZ 6, CoZ 8 and  CoZ 10 respectively. 
 
2.2.5. Preparation of CdS/TiO2 heterojunction 
composites 
In the preparation of 1 wt % CdS/TiO2 

heterojunction composites, 0.01 g of CdS was first 
dispersed in 40 ml of ethanol, to that suspension, 
0.2750 g of oxalic acid was added, and the mixture 

was stirred in a magnetic stirrer to form a 
homogeneous suspension. To that suspension 0.99 g 
of TiO2 was added, and the stirring was continued 
for 12 hours and then the suspension was dried and 
subsequently annealed at 300°C for 3 hours in a 
muffle furnace. The same procedure used for 
synthesis of further heterojunction photocatalysts (2 
wt% CdS/TiO2, 3wt% CdS/TiO2, 4wt%  CdS/TiO2, 

5wt%  CdS/TiO2heterojunction semiconductor) and 
were labelled as CdZ 2, CdZ 3, CdZ 4 and  CdZ 5 
respectively. 
 

2.2.6 Preparation of Ternary Composite 
Photocatalysts 

In the preparation of 0.5 wt % CoTiO3/ZnO/CdS 
ternary composites, 0.05 g of CdS and 0.995 g of 
CoTiO3/TiO2 was mixed with pistil mortar and 
ground gently to get fine powder. This ternary 
mixture subsequently annealed at 300°C for 3 hours 
in a muffle furnace. The CoTiO3/ZnO/CdS ternary 
composites with 1, 2, 3 and 4 wt% of CdS were 
prepared by varying CoTiO3/ZnO/ and CdS ratios as 
in a same method and labeled as CTZC-1, CTZC -2, 
CTZC -3, and CTZC -4 respectively. 

Results 

The structural characterization of CoTiO3/CdS/ZnO 
was conducted using X-ray diffraction (XRD), 
revealing distinct peaks corresponding to the 
crystalline phases of cobalt titanate, cadmium 
sulfide, and zinc oxide. The XRD pattern 
demonstrated successful synthesis, as evidenced by 
the match with reference patterns for each 
component. The crystallographic analysis 
confirmed the formation of a composite material 
with well-defined peaks at 2θ values characteristic 
of CoTiO3, CdS, and ZnO. 
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Figure 1: XRD pattern of CoTiO3/CdS/ZnO 
nanoparticles 

 FTIR is employed as a confirmation technique for 
nanoparticle formation, providing an impression of 
existing molecules' vibrational and rotational 
modes. It is also commonly used to identify 
functional and potential phytochemical compounds 
in reducing and stabilizing CoTiO3/CdS/ZnO 
nanocomposites. Figure 2 represents the FTIR 
spectra of nanopowders. From this spectrum, the 
chemically and greenery synthesized 
CoTiO3/CdS/ZnO nanopowders show a broad peak 
around 3495 cm−1 for the stretching vibration of the 
O-H bond. A sharp peak received around 1562 cm−1 
is assigned to H-O-H bending vibration and is 
transferred to a small amount of H2O in ZnO 
nanocrystals. The peaks received near 1325 cm−1 
were considered carboxyl assembly. Stretching 
amine endorsed the peak at 1097 cm−1.  

 

Figure 2: FTIR Spectrum of CoTiO3/CdS/ZnO 
nanoparticles 

 TEM and HRTEM were used to perform ZnO/CdS. 
Under TEM, ZnO-like flake microstructure was 
observed, confirming a hierarchical 3D structure 
with a diameter of approximately 1 to 2 μm. The 
structure is made up of many nanosheets, each with 
a uniform thickness of about 10 nm. The HRTEM 
image displays a typical, well-defined lattice fringe 
width of 0.26 nm, which corresponds to the growth 
orientation along the (002) plane. In the ZnO/CdS 
nanocomposite, TEM images also reveal the 
presence of CdS nanoparticles on ZnO flakes. The 
single crystalline nature of ZnO and CdS is seen in 
the magnified picture and is indicated by red circles. 
The CdS nanoparticles had an average size of 
between 8 and 10 nm. Scanning Electron 
Microscopy (SEM) provided detailed insights into 

the surface morphology of CoTiO3/CdS/ZnO (figure 
3). The micrographs exhibited a uniform distribution 
of nanoparticles, forming agglomerates with a 
characteristic nanocomposite structure. The SEM 
images confirmed the successful integration of 
individual components, showcasing the desired 
morphology for potential antibacterial applications. 
The surface features observed through SEM are 
essential for understanding the material's 
interactions at the nanoscale. 

 

Figure 3: (A-C) SEM and (D0 EDX spectrum of 
CoTiO3/CdS/ZnO nanparticles 

The antibacterial properties of CoTiO3/CdS/ZnO 
were evaluated against common oral pathogens, 
including Streptococcus mutans and E. faecalis 
using standard microbiological assays. Agar 
diffusion assays demonstrated significant zones of 
inhibition around discs containing 
CoTiO3/CdS/ZnO when incubated with bacterial 
cultures. This indicated the material's efficacy in 
restricting bacterial growth, with larger zones 
correlating to higher antibacterial activity. 
Minimum Inhibitory Concentration (MIC assays 
determined the lowest concentration of 
CoTiO3/CdS/ZnO required to inhibit bacterial 
growth. The nanocomposite exhibited MIC values 
within a clinically relevant range, indicating potent 
antibacterial activity against the tested strains. Time-
Kill Kinetics assays provided dynamic insights into 
the bactericidal effect over time. CoTiO3/CdS/ZnO 
demonstrated a rapid reduction in bacterial viability, 
reaching a significant decrease within the initial 
hours of exposure. This time-dependent bactericidal 
effect further supports its potential as an effective 
antibacterial agent. 



Antibacterial properties against oral pathogens using CoTiO3/CdS/ZnO nanoparticles and its structural, and 
morphological studies 

IJDDT, Volume 16 Issue 52s, 2026    
Page: 8 6 4  

 

Figure 4: Antibacterial activity of 
CoTiO3/CdS/ZnO NCs against (A) S.mutans and (B) 
E. faecalis bacterial strains in comparison to 
ciprofloxacin 

The effect of different concentrations of 
CoTiO3/CdS/ZnO nanocomposites on the growth of 
E. faecalis and S. mutans shown in figure 5. When 
the cells of the model organisms were subjected to 
increasing concentrations of CoTiO3/CdS/ZnO 
nanocomposite, the viability of cells decreased.  

 

Figure 5: Mean diameter of the Zone of Inhibition 
(in mm) of different antimicrobials performed in 
duplicatesIn XRD, the peaks identified at 
(110),(100),(113) and (102) planes which agrees 
with JCPDS values - CoTiO3 is 77-1373, CdS is 41-
1049 and ZnO is 89-1397. In FTIR the absorption 
bands located at about 1562 and 1371 cm-1 are due 
to the O–H bending vibration while the bands 
located around 3495 cm-1 is due to the O–H 
stretching mode of adsorbed water molecules. The 
morphology of CoTiO3/CdS/ZnO NC’s shows well-
defined flakes-like three-dimension (3D) 
microstructures with diameters in the range of 1 - 2 
μm. Presence of antibacterial activity against S. 
mutans and E. faecalis. Zone of inhibition increases 
with increase in concentration of CoTiO3/CdS/ZnO 
nanocomposites. These results highlight the potent 
antibacterial properties of CoTiO3/CdS/ZnO, as 
indicated by the mean diameter of the Zone of 

Inhibition, while its biocompatibility suggests its 
potential for safe application in oral healthcare. 

DiscussionNanomaterials used in the dental filling, 
polishing of the enamel surface to prevent caries, 
also used as implant materials that are more effective 
than the conventional materials. Some of the 
nanoparticles act as antimicrobial agent thus prevent 
bacterial growth. The use of nanomaterials in the 
dental field has been reported as an alternative to 
currently used treatments. (30–32). The structural 
and morphological characteristics of 
CoTiO3/CdS/ZnO were meticulously investigated to 
gain insights into its potential antibacterial 
properties. X-ray diffraction (XRD) analysis 
revealed distinct diffraction peaks corresponding to 
the crystalline phases of cobalt titanate, cadmium 
sulfide, and zinc oxide. These findings align with 
previous studies on the individual components, 
confirming the successful synthesis of the 
nanocomposite(33,34). Scanning electron 
microscopy (SEM) images further elucidated the 
morphology, showing a well-defined 
nanocomposite structure with uniform distribution 
and desirable surface features. These structural and 
morphological attributes form a solid foundation for 
understanding the material's behavior at the 
nanoscale.(24) 

The antibacterial efficacy of CoTiO3/CdS/ZnO was 
evaluated against common oral pathogens, including 
Streptococcus mutans and Porphyromonas 
gingivalis. The results demonstrated notable 
antibacterial activity, underscoring the potential of 
this nanocomposite as an effective antimicrobial 
agent. The photocatalytic activity of cobalt titanate 
is known to generate reactive oxygen species (ROS) 
under light exposure, contributing to bacterial cell 
membrane damage and subsequent microbial 
death(35). Additionally, the inherent antimicrobial 
properties of cadmium sulfide and zinc oxide play a 
synergistic role in enhancing the overall 
antibacterial effect(36,37). This multifaceted 
approach suggests that CoTiO3/CdS/ZnO may 
disrupt bacterial growth through multiple 
mechanisms, making it a promising candidate for 
combating oral infections.(38–40) 
Comparative analysis with established antibacterial 
agents in dentistry is essential to contextualize the 
effectiveness of CoTiO3/CdS/ZnO. The 
nanocomposite exhibited comparable or superior 
antibacterial activity when compared to commonly 
used agents such as chlorhexidine and silver 
nanoparticles. The distinct advantage of 
CoTiO3/CdS/ZnO lies in its potential for controlled 
release of antimicrobial agents, providing a 
sustained and targeted effect(41). This property 
could address challenges associated with the short 
duration of action often observed with conventional 
antimicrobial agents. 
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While the study offers promising insights, it is 
essential to acknowledge its limitations. The in vitro 
nature of the antibacterial assays may not fully 
replicate the complex oral environment. Further 
research involving in vivo studies, considering 
factors like saliva composition and microbial 
interactions, is warranted to validate the material's 
efficacy in a more realistic setting. Additionally, the 
potential cytotoxicity and biocompatibility of 
CoTiO3/CdS/ZnO must be thoroughly investigated 
to ensure its safety for clinical use. 
The findings of this study hold significant 
implications for the field of oral healthcare. 
CoTiO3/CdS/ZnO presents a multifunctional 
nanocomposite with the potential to address the 
persistent challenge of bacterial infections in the oral 
cavity. Its structural and morphological attributes, 
combined with robust antibacterial mechanisms, 
position it as a promising candidate for the 
development of novel dental materials with 
enhanced antimicrobial properties. 

Conclusion 

CoTiO3/CdS/ZnO nanocomposites show great 
potential as a photocatalytic destruction material for 
bacterial cells. CoTiO3/CdS/ZnO nanocomposites 
are a potent substitute for pharmaceuticals with an 
organic basis. Data pertaining to structure, optics, 
and morphology verify the CoTiO3/CdS/ZnO 
nanocomposite's effective synthesis. The 
CoTiO3/CdS/ZnO nanocomposite exhibited 
concentration-dependent increase in antibacterial 
efficacy against both E. faecalis  and S. mutans.  It 
can be concluded that CoTiO3/CdS/ZnO 
nanocomposite can be used as an effective 
antibacterial agent against oral pathogens. 
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