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ABSTRACT 
 

Introduction and Aim: Root canal treatment is a dental operation that entails the extraction of the compromised 

tooth pulp tissue, sterilization of the root canal system, and subsequent filling with an inert substance. To mitigate 

the potential for bacterial infections and subsequent difficulties, it is customary for patients to receive a prescription 

for antibiotics prior to undergoing a root canal procedure. The objective of this study was to assess the effectiveness 

of Ca(OH)2: TiO2 nanoparticles as a potential substitute for antibiotics in root canal therapies, while also investigating 

their antibacterial properties against specific infections.  
 

Materials and Methods: Ca (OH)2: TiO2 nanoparticles were synthesized chemically using calcium hydroxide and 

varying concentrations of titanium oxide powder by a sol-gel process. The Ca (OH)2: TiO2 nanoparticles synthesized 

was characterized using Field Emission Scanning Electron Microscope (FE-SEM), energy dispersive X-ray (EDX), 

Fourier Transform Infrared Spectrometer (FT-IR), and UV-Vis spectrophotometry. The antibacterial activity of the 

synthesized nanoparticles was evaluated against pathogens Escherichia coli, Staphylococcus aureus, and Candida 

albicans spp.) by gel diffusion method.  
 

Results:  FE-SEM analysis indicated that the Ca (OH)2: TiO2 composite material exhibited an amorphous structure, 

characterized by a particle size measuring 25.88 nm. But FTIR was focused on the spectral region between 4000 and 

450 cm-1. The absorption spectra of nanoparticles composed of titanium dioxide consistently displayed a prominent 

peak at a wavelength of 300 nm. The results of the experiment pertaining to the biological effects of composites 

suggest that the inclusion of TiO2 nanoparticles at concentrations of 25%, 50%, and 75% in the composite material 

led to a notably wider inhibitory zone in comparison to the use of Ca(OH)2 alone, with a statistically significant p-

value of 0.05. 
 

Conclusion: The use of varying concentrations of Ca (OH)2TiO2 improves microbial activity against Escherichia 

coli, Staphylococcus, and Candida.  
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INTRODUCTION 
 

ultiple studies have demonstrated that the 

presence of bacteria within the root canal has 

a significant impact on the stability, 

development, and production of root lesions when root 

canal therapy is being performed. This has been shown 

to be the case in situations when bacteria are present (1-

3). Antibacterial agents are commonly employed for 

the purpose of root canal disinfection, mostly owing to 

the intricate and constricted nature of the root canal 

system, as well as the challenges associated with 

adequately preparing the area to effectively eliminate 

bacterial infections (4). Despite the administration of 

pharmaceutical substances, certain strains of bacteria 

may exhibit resilience, leading to their proliferation and 

subsequent colonization inside the targeted region (5). 

The resolution of this issue is commonly achieved 

through the utilization of calcium hydroxide, a mineral 

antibacterial substance, to fill the channel between 

treatments (6). The use of calcium hydroxide is 

widespread; however, research has indicated that the 

antibacterial activity of calcium hydroxide can be 

impeded by the various components present in dentine 

(7). 

 

The effectiveness of calcium hydroxide can be 

improved by combining it with nanoparticles, 

according to the findings of several researches that have 

been conducted on the topic. This combination has the 

potential to act as a treatment for root canal infections, 

which would eliminate germs (8, 9). Nanomaterials 

have a large surface area, the ability to pass through the 

cytoplasmic barrier of bacterial cell walls, which 

ultimately results in the death of the bacteria, and a low 

incidence of side effects (10–12). These factors 

contribute to the nanomaterials' remarkable 

effectiveness in the fight against bacterial diseases. The 

major purpose of this research was to produce and 

analyze a calcium hydroxide and titanium oxide 

composite nanoparticle, which we will refer to as 

Ca(OH)2:TiO2 NP. Following that, the effectiveness of 

this composite nanoparticle was evaluated against 

several different bacterial infections, such as 

Staphylococcus, Escherichia coli, and Candida spp. 
 

 

 

 

 

M 
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MATERIALS AND METHODS  
 

Chemical synthesis of TiO2 NPs 
 

The chemical synthesis of calcium hydroxide titanium 

dioxide nanoparticles (TiO NPs) was conducted by a 

sol-gel technique, utilizing Ca (OH)2 and TiO2 powder 

as precursor materials (13-15).  Different quantities of 

nanoparticles were generated by utilizing varying 

percentages (25, 50, 75) of TiO2 powder. To provide a 

summary, the powders were combined with distilled 

water to produce a gel, which was then subjected to 

agitation at a temperature of 80 °C for a period of two 

hours. After this step, the gel was dried at a temperature 

of 70 °C for a duration of twenty hours, which resulted 

in the development of a powdery substance. A sintering 

process was carried out on the powder at a temperature 

of 1100 °C for a period of two hours. After a string of 

processes that came one after the other, the granules 

were sintered some more at a temperature of one 

thousand degrees Celsius (16-17). 
 

Characterization of Ca(OH)2TiO2 nanoparticles 
 

The characterization method involved the utilization of 

various analytical instruments, (FE-SEM), (EDX, 

(FTIR), and UV-Vis spectrophotometry. These 

instruments were employed to analyze and assess the 

properties of the samples that were developed. To 

examine the optical characteristics of the Ca(OH)2:TiO2 

nanoparticles synthesized, an ultraviolet-visible 

spectrophotometer (UV2300 II, manufactured in Japan) 

was employed. In this study, we employed a field 

emission scanning electron microscope (FE-SEM) 

manufactured by JEOL India Pvt. Ltd., located in 

Delhi, India, as well as a Fourier transformed infrared 

(FTIR) spectrometer model 670 FTIR from the United 

States. These instruments were utilized to examine the 

characteristics of the nanoparticles that were generated, 

as well as to investigate the chemical bonds present 

between the constituent components. 
 

Antimicrobial testing   
 

The gel diffusion method was utilized to evaluate the 

antibacterial properties of the nanoparticles that were 

created. The purpose of this study was to determine 

how efficient the nanoparticles were against pathogenic 

microbes. Several potentially dangerous bacterial 

strains were tested using the Mueller-Hinton agar 

medium to determine the efficiency of an inhibitory 

agent. The three indicator microorganisms, namely 

Escherichia coli, Staphylococcus aureus, and Candida 

albicans spp., were initially cultivated in nutritional 

broth. Subsequently, the suspension containing a 

concentration range of 1.5 × 106 - 1.5×108 CFU/ml was 

plated onto Mueller-Hinton agar plates. A volume of 

100 μL of the suspension containing Ca(OH)2:TiO2 

nanoparticles was introduced into the 6mm deep wells 

on a plate. To encourage the growth of bacterial and 

fungal species, the plates were incubated at a 

temperature of 37 °C for a total of 24 and 48 hours, 

respectively. This was done with the specific intention 

of fostering population growth. The procedure for 

calculating the diameter (in millimeters) of the 

inhibitory zone was carried out in accordance with the 

approach described in other research investigations (18, 

19). 
 

RESULTS 
 

To determine the particle size of the produced 

nanoparticles, the pictures obtained using (FE-SEM) 

were analyzed with the "Image J" program. Figs. 1a, 1b, 

and 1c show, respectively, the FESEM images of 

Ca(OH)2:TiO2 at varying percent concentrations of 

TiO2 (25, 50, and 75). The crystal and amorphous 

morphologies of the Ca(OH)2:25% TiO2 can be seen 

in the FESEM images (Fig. 1a). The chemical 

production of TiO2 nanoparticles, which have an 

amorphous and varied appearance, is depicted in Figs. 

1b and 1c. The computed particle size for the three 

distinct concentrations of TiO2 NPs was, in order from 

smallest to largest, 59.09, 33.58, and 24.87 nm, 

respectively.  
 

The electron dispersive X-ray (EDX) spectra that were 

obtained from the samples that included Ca(OH)2:TiO2 

are displayed in Figs. 2a, 2b, and 2c respectively. On 

the labels of the samples that are prepared, the names 

of the components as well as the amounts of those 

components in relative terms are printed. It was 

discovered that the samples contained titanium (Ti), 

calcium (Ca), and oxygen (O), although the presence of 

any contaminants was below the detection threshold of 

the energy-dispersive X-ray spectroscopy (EDX). 

Titanium (Ti), calcium (Ca), and oxygen (O) are all 

present in the samples without a shadow of a doubt. Fig. 

2a depicts the elemental percentage of Ca(OH)2:50% 

TiO2, and Fig. 2b displays the results of Ca(OH)2:50% 

TiO2. In addition to the components of Ca(OH)2, the 

presence of TiO2 (Ti, O) can be detected in all three 

samples, as illustrated in Fig. 2c. This can be seen 

alongside the existence of Ca(OH)2 components. This 

component may be discovered in each of the three 

samples.  
 

The Fourier Transformed Infrared (FTIR) spectra of the 

composite material consist of calcium hydroxide (Ca 

(OH)2) and titanium dioxide (TiO2). In the mode of 

diffuse reflection, the spectral range of the wave 

number extends from 4000 to 450 cm-1. The absorption 

bands located in the higher frequency range were seen 

at 3641.60 cm-1 for the sample Ca(OH)2:25% TiO2, at 

2924.09 cm-1 for the sample Ca(OH)2:50% TiO2, and 

for the sample Ca(OH)2:75% TiO2, as illustrated in 

Figs. 3a, 3b, and 3c respectively. 
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Fig 1a 

  
Fig 1b 

  
Fig 1c 

Fig.1: The FESEM images of the (a) Ca(OH)2:25% TiO2, (b) Ca(OH)2:50% TiO2, and (c) Ca(OH)2:75%TiO2. 

 

 
Fig 2: EDX diagrams of (a) Ca(OH)2:25%TiO2, (b) Ca(OH)2:50%TiO2, and (c) Ca(OH)2:75%TiO2. 
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The presence of these notable peaks can be ascribed to 

the elongation and oscillation of the hydroxyl group 

(OH). The wavenumbers of the detected peaks in the 

three samples are 3298.28, 2924.09, 2854.65, 2298.65, 

2298.28, and 2864.65 cm-1. These peaks can be 

attributed to the vibrational modes of the CH functional 

group. The wavenumbers 1730.08, 1666.50, 1600.92, 

1534.05, 1597.09, and 1597.06 cm-1 were utilized for 

the purpose of characterizing the functional groups of 

(C=O) amines by the analysis of absorption bands. The 

detected peaks located at positions (1469.75, 1391.31, 

1257.59, 1219.01, and 1469.67) cm-1 are ascribed to the 

three samples containing calcium and titanium, 

respectively. The observed peaks can be attributed to 

the deformation of (-C-H-) functional groups at the (C-

O) bond, as well as the vibrational band located within 

the infrared spectrum at coordinates (1152.29, 1068.56, 

and 1033.85) cm-1. The wavenumbers of 860.25 cm-1, 

806.25 cm-1, and 813.96 cm-1 correspond to the 

vibrational bands attributed to C-H bonding. 

Nevertheless, it is important to acknowledge that the 

band was not observed in the experimental analysis of 

TiO2 nanoparticles. The vibrational frequencies 

associated with the (O-H) functional groups are closely 

approximated by the observed peaks at 759.95 cm-1, 

709.80 cm-1, 798.53 cm-1, 756.10 cm-1, 706.95 cm-1, and 

601.79 cm-1, as well as 799.95 cm-1 and 601.80 cm-1. 

The peaks seen at wavenumbers 563.21 cm-1, 416.62 

cm-1, and 567.07 cm-1 can be ascribed to the stretching 

vibration of the (Ti-O) band, as documented by (20-23).  
 

UV-visible spectroscopy is a technique that is 

commonly recognized as being particularly effective 

for exploring the optical features of various materials, 

with a particular emphasis on semiconductors and 

nanomaterials. This is because the technique can 

observe wavelengths that are invisible to the human 

eye. The spectra of absorption for each of these three 

distinct compositions are shown in the demonstrated 

fig. They are as follows: Ca(OH)2:25% TiO2, 

Ca(OH)2:50% TiO2, and Ca(OH)2:75% TiO2. 

Ca(OH)2:25% TiO2 and Ca(OH)2:50% TiO2 both 

produced peaks at a wavelength of 210 nm, which was 

the wavelength at which the peaks were seen. On the 

other hand, the peak was found at a somewhat longer 

wavelength of 220 nm for the sample Ca(OH)2:75% 

TiO2 (Fig. 4). 
 

The average diameter of the inhibitory zone is shown 

in Figure 5 and Table 1 for Ca(OH)2:TiO2 and TiO2 at 

three different weight percent concentrations: 25, 50, 

and 75. The introduction of TiO2 nanoparticles (NPs), 

in a broader sense, demonstrates a positive effect by 

increasing the inhibitory area. According to the 

findings, the different groups all display varying 

degrees of alterations in the amount of inhibition that 

may be noticed in their respective environments.  

 

 

 

 
Fig. 3: FTIR spectra for (a) Ca(OH)2:25% TiO2, (b) Ca(OH)2:50% TiO2, and (c) Ca(OH)2:75% TiO2. 
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Fig. 4: UV-visible spectra of Ca(OH)2: TiO2 

 

 
Fig. 5: The inhibitory zone histogram at varying Ca(OH)2:TiO2 concentrations 

 

Table 1: The inhibition zone of Ca(OH)2:TiO2. 

 

Bacterial 

0.07 g/ml 0.05 g/ml 0.02 g/ml 

E.coli Staph Candida E.coli Staph Candida E.coli Staph Candida 

Ca(OH)2:25%TiO2 9 12 12 8 11 10 8 9 9 

Ca(OH)2:50%TiO2 10 12 16 9 10 12 9 9 10 

Ca(OH)2:75%TiO2 9 10 10 8 9 9 8 9 9 

p-value 0.0699 0.07423 0.00009 0.05598 0.07999 0.07014 0.07113 1 0.06997 

 

DISCUSSION 
 

The findings from the field emission scanning electron 

microscopy (FE-SEM) analysis revealed a correlation 

between the proportions of TiO2 and the dimensions of 

the particles. To provide greater precision, a decrease 

in particle size was noted as the concentration of TiO2 

increased. The observed behavior can be attributed to a 

contact occurring between particles composed of 

titanium oxide and calcium hydroxide, alongside a 

disparity in the sizes of the respective ions engaged in 

the process (19). It is possible to draw the conclusion, 

based on the findings obtained from the EDX study, 

that there are no significant contaminants present. The 

absence of resistance in the raw materials that were 

utilized may be responsible for the presence of any 

pollutants that already exist. On the other hand, it is 

essential to keep in mind that the influence of these 

contaminants is negligible because of the precautions 

that were taken during the study process. This outcome 

further substantiates the materials that were developed 

for the research in terms of their trustworthiness as well 

as their suitability. The findings of this investigation 

allow for the inference to be made that the observed 

peaks within the wavelength range of (4000-450) cm-1 

indicate the likely existence of functional groups such 

as C-O, -C-H-, and -OH. This conclusion may be 

reached based on the findings acquired from this study. 

These functional groupings that have been found are 

able to be related with the processing that occurs during 

the reaction (20). The absorption peak at a wavelength 

of 300 nm was observed, consistent with the findings 

reported in a previous study (23). The SEM image also 

provides evidence for the claim by revealing the 

presence of smaller particles. Furthermore, it provides 

data indicating that the unidirectional disappearing 

pattern of nanoparticle distribution is attributed to the 

increased adsorption of Ca(OH)2:TiO2 nanoparticles 

(24). According to the findings presented in Table 1, 

there appears to be a clear correlation between the 

amounts of TiO2 present and the size of the inhibitory 

zone produced by each of the bacterial strains that were 

tested. Statistically there were significant variations in 

the diameter of the inhibitory zone for each of the 

selected bacteria when Ca(OH)2:TiO2 was present (p> 

0.05), these findings are presented in the Table 1 which 

indicates that the incorporation of titanium dioxide 

nanoparticles (NPs) into a calcium hydroxide 

(Ca(OH)2) solution results in improved resistance 

against bacteria, as indicated by an observed 
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enlargement in the diameter of the zone of inhibition. It 

is worth mentioning that the sample containing a 

concentration of TiO2 at 7% demonstrated the most 

significant diameter of the inhibition zone, suggesting 

the highest degree of inhibition (25). 
 

CONCLUSION 
 

Within the limits of the current investigation, it can be 

concluded that the Ca(OH)2:TiO2 NPs improved the 

antagonism of Gram-negative Escherichia coli, Gram-

positive Staphylococcus aureus, and Candida albicans. 

and therefore, could be used as an alternative to 

antimicrobials in root canal treatments. 
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