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Abstract:
In this research, titanium dioxide (TiO2) nanopowder, TiO2-Ag (TA) and TiO2-Ag-CH (TACH)
nanocomposite were produced by the hydrothermal method. After the synthesis of nanoparticles
and nanocomposites, the skull titanium mesh implant pieces were immersed in solutions containing
nanopowders of TiO2, TA, and TACH and coated using the dip coating method. Structural, chemi-
cal, and antibacterial properties of these nanocomposites were characterized using X-ray diffraction
(XRD), field emission scanning electron microscope (FESEM), tunneling electron microscopy
(TEM), Fourier transform infrared (FTIR) spectroscopy, and Raman analysis. Specific surface
area was determined by the Brunauer-Emmett-Teller analysis (BET) method and the antibacterial
properties of the coated implants were investigated using the disk diffusion method.Based on the
antibacterial results, it has been observed that the TA and TACH nanocomposites have effectively
inhibited bacterial growth, as evidenced by the clear non-growth halo around the bacteria in the
growth inhibition halo images. TACH nanocomposite showed the highest antibacterial property
and TiO2 nanoparticle had the lowest antibacterial property on both Escherichia coli (E. coli) and
Staphylococcus aureus (S. aureus).
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1. Introduction

One of the most important issues in discussions about hu-
man health is the failure of a part of the body or tissue,
which causes many problems for the patient. In order to
treat such problems, a part of the patient’s body or another
person’s body is transplanted to the damaged area, and
sometimes artificial structures made of non-living materials
are used. Although these methods may cure the patient,
they are sometimes associated with limitations and com-
plications such as infection at the transplant site and tissue
rejection [1]. Today, another therapeutic approach called
tissue engineering is being developed. Tissue engineering
is using a combination of cells, engineering materials and
suitable chemical agents to repair, improve, or replace inef-
ficient or disabled tissues in a living organism [2]. In this
approach, usually a porous and biodegradable scaffold is

typically created and then the desired tissue cells are cul-
tured on it [3]. By controlling the physiological conditions
outside the body, primary tissue forms on the scaffold and
after implantation inside the body, the scaffold is destroyed
by the formation of new tissue [2].
One of the advantages of tissue engineering is that it reduces
the number of surgeries required and helps patients recover
faster. One of the main factors influencing tissue engineer-
ing is the choice of scaffolds used in tissue engineering. A
scaffold is a three-dimensional structure that mechanically
supports cells [4]. The scaffold must be biocompatible and
have desirable mechanical properties, so that it has the abil-
ity to withstand forces and provide a behavior similar to the
target tissue against stresses [5]. In addition, it should have
a controlled degradation rate, proper porosity dimensions
and morphology, and possess acceptable sterilization and

https://dx.doi.org/10.57647/j.jtap.2024.1801.07
mailto:salah.aldin@uomustansiriyah.edu.iq


2/12 JTAP18 (2024) -182407 Alduwaib et al.

grafting capabilities so that it can be used in tissue engineer-
ing [3]. So far, many composites made of biodegradable
polymers and bioactive ceramics have been used as biocom-
patible scaffolds in tissue engineering [6]. Therefore, due to
an increase in the number of bone injuries and the develop-
ment of surgeries with minimal damage has been directed
research towards the design and manufacture of nanocom-
posites consisting of biodegradable polymer (Chitosan) and
bioactive ceramic (TiO2) with antibacterial properties (TiO2,
Ag nanoparticle), as a biocompatible scaffold in bone tissue
engineering [7]. Titanium dioxide (TiO2) is a biocompatible
compound that has favorable antibacterial properties in ad-
dition to bioactive properties and good corrosion resistance
[8–10]. TiO2 is a biocompatible material with desirable
bioactive properties, and for this reason, it has favorable
bone growth promotion properties and can be used in the
form of a three-dimensional structure as a suitable scaffold
for bone formation at the site of bone defects [11], [12].
Other bio-ceramics, such as hydroxyapatite and bioactive
glass, have no antibacterial effect despite their excellent
bioactivity, while titanium dioxide is a bioactive ceramic
with an antibacterial effect in vivo [13]. In addition, the
addition of TiO2 nanoparticles to chitosan-based coatings
improves the antibacterial and mechanical properties and
thus increases the stability of the coating [14, 15].
Among other biodegradable materials, biocompati-
ble/biodegradable polymers, including chitosan, are usu-
ally flexible but do not have sufficient strength compared
to bone. In bio/medical applications, chitosan has several
applications (such as drug encapsulation and tissue engi-
neering scaffolds) [16, 17]. On the other hand, due to the
similarity of chitosan to the extracellular matrix of bone and
cartilage, as well as having unique physical and chemical
properties such as biocompatibility, non-toxicity, biodegrad-
ability, biological function, antibacterial activity and chemi-
cal resistance, it is used as a coating material to modify the
surface of orthopedic implants [17, 18]. Also, nanocompos-
ites made of bio-ceramics and biodegradable polymers have
been widely used to prepare absorbable scaffolds in bone
tissue engineering, to provide temporary mechanical sup-
port to the damaged tissue, and to provide the conditions for
tissue regeneration. In addition, such scaffolds provide the
possibility of releasing the desired elements or compounds
in the place and eventually being removed. Therefore, there
will be no need for secondary surgery [19, 20]. On the
other hand, hybrid composites can be made with organic-
organic (chitosan-alginate, chitosan-protein and chitosan-
starch), organic-inorganic (chitosan-TiO2, alginate-TiO2,
and starch-TiO2) and inorganic-inorganic (TiO2-ZnO, TiO2-
MgO and TiO2-Ag) compounds and can be prepared using
different synthesis methods including intercalation of the
polymer, sol-gel, hydrothermal, electrical deposition, chem-
ical and physical vapor deposition, suspension and liquid
phase deposition [21–26]. Today, there is a particular in-
terest in combining natural polymers such as chitosan with
inorganic materials such as TiO2 to obtain hybrid compos-
ites with useful properties. Also, according to the studies, it
was observed that inorganic compounds such as TiO2 can
increase the mechanical, physical and biological properties

of this biopolymer (chitosan) [21]. Kumar [7] investigated
the use of nano-TiO2-doped chitosan scaffolds for bone
tissue engineering applications. The study found that the
interaction between chitosan and nano-TiO2 made the scaf-
fold highly porous and brittle, which could be an effective
substitute for bone tissue engineering. In one of the research
projects conducted by Xiao et al. [27], they investigated and
made a Chitosan-Ag-TiO2 three-component hybrid compos-
ite against E. coli, S. aureus, and C. albicans bacteria. The
results show the synergistic effect of these three compo-
nents for microbial inactivation and subsequent cell death.
Miyazaki et al. [28] emphasized that organic-inorganic
composites (Chitosan-TiO2) showed interesting biomedical
applications. It has been found that the integration of TiO2
in a chitosan biopolymer is a new approach to increase the
biological activities of this biopolymer.
The purpose of this research is the fabrication and character-
ization of a new chitosan/titanium dioxide/silver nanocom-
posite scaffold. Chitosan, as a natural polymer with excel-
lent biocompatibility properties, is combined with a com-
bination of titanium dioxide and silver nanoparticles to
be evaluated as a new scaffold for bone tissue engineer-
ing. Titanium dioxide nanoparticles show relatively good
antibacterial properties and bioactivity, but they are not bio-
compatible with bone cells. On the other hand, chitosan
improves biocompatibility and promotes bone growth in
living tissue and has an antibacterial effect in the body. In
addition, the silver nanoparticles that are used also possess
strong antibacterial properties. Therefore, it is expected
that the scaffold investigated in this research for bone tis-
sue engineering will lead to the promotion of bone growth,
improvement of antibacterial behavior and bioactivity.

2. Materials, methods of synthesis and
characterization

2.1 Raw materials
The titanium precursor, Titanium tetraisopropoxide (TTIP),
was used in the synthesis of the nanocomposites. Chitosan
and silver nitrate were also used as precursors and were
purchased from Merck Company, Germany. Acetic acid,
nitric acid, and ethanol were obtained from the Mojalali
brand, Iran.

2.2 Methods of synthesis
2.2.1 Synthesis of TiO2 solution
In this research, titanium dioxide (TiO2) nano-powder was
produced by the hydrothermal method. In the first step,
5 mL of ethanol was mixed with 5 mL of acetic acid and
stirred with a magnetic stirrer for 15 min. Then, 5 mL of ti-
tanium tetraisopropoxide was quickly added to it and stirred
for another 15 min to complete the reaction between the
two materials. In the next step, 100 mL of deionized water
was quickly added to it to complete the hydrolysis reaction
between the two materials, and then, 2 mL of concentrated
nitric acid was added to it. In the next step, the solution was
placed in an oil bath under reflux conditions to be heated in
a controlled temperature condition. In the reflux procedure,
heating is uniformly and indirectly applied to the solution.
The solution was placed at 80 °C for one hour. After one
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hour, the color of the solution changed from white to pale
blue.
A 100 mL autoclave with stainless steel material was used
to perform the hydrothermal process. Its inner material is
made of Teflon, which does not react with the material in-
side. The final solution was transferred from the reflux into
the autoclave and its lid was completely tightened to create
the temperature and pressure necessary for the formation
of nanoparticles inside the autoclave. The autoclave was
placed in an oven at 200 °C for 10 hours.
The material removed from the autoclave has two phases,
solid and liquid. The resulting material was stirred a little
to make it uniform and then it was placed in a centrifuge
to completely separate its solid deposit. The final deposit
was washed three times with ethanol. The spin speed of the
centrifuge was set at 10000 rpm for 5 min. In the last step,
the material washed with ethanol was dried in an oven at a
temperature of 60 °C and then ground with a mortar. The
final titanium dioxide nano-powder was used for structural
and morphological characterization. 0.5 g of synthesized
titanium dioxide nano-powder was mixed with 50 mL of
deionized water and stirred for 30 min until it was com-
pletely dispersed. In the next step, this solution was used to
coat the implant pieces.

2.2.2 Synthesis of TA solution

In a 100 mL beaker, 0.1 g of silver nitrate was added to
10 mL of deionized water at room temperature until it was
completely dissolved. In the second beaker, 0.5 g of TiO2
nano-powder was mixed with 50 mL of deionized water and
stirred for 30 minutes until it was completely dispersed. The
Ag solution was added little by little to the TiO2 solution
under stirring and placed at 70 °C for 15 min until it became
completely uniform.

2.2.3 Synthesis of TACH solution

0.5 g of chitosan powder was mixed with 50 mL of deion-
ized water and 0.5 mL of acetic acid at a temperature of
80 °C for 30 minutes until it was completely dissolved. In
another beaker, 0.5 g of titanium dioxide nano-powder was
mixed with 50 mL of deionized water and stirred for 30
minutes until it was completely dispersed. In third beaker,
0.1 g of silver nitrate was added to 10 mL deionized wa-
ter and stirred at room temperature. The three solutions
were mixed together and placed at 70 °C for 15 min until it
became completely uniform.

2.2.4 Coating the implant pieces

skull titanium mesh implant pieces were coated by the dip
coating method. The Iranian Toos Nano device was used to
carry out the dip coating process. The implant pieces were
immersed in the three solutions prepared in the previous
steps (TiO2, TA, TACH). The speed of entering and leaving
of the implants into the solution was set at 10 mm/min.
Each time, the pieces were placed in the solutions for 10
seconds, and 5 min were considered to dry the solution on
the surfaces of the implants. This dip coating process was
repeated 50 times. After finishing the coating process, the
samples were dried in the oven at 120 °C for 24 hours.

2.3 Characterization method
The X-Ray Diffraction method, D8 Advance Bruker YT
model, was used to investigate the structure of the synthe-
sized samples, using CuKα radiation at λ = 1.541 Å. Field
emission scanning electron microscope (FESEM), MIRA3
TESCAN-XMU model, was employed to study the surface
morphology of the coated implants. The chemical compo-
sition was investigated by Energy-dispersive X-ray spec-
troscopy (EDX) in the voltage range of 0− 10 kV. Trans-
mission electron microscopy (TEM), EM 208S model, was
used to analyze the size and shape of the nano-structures.
The chemical bonds of the nano-structures were analyzed by
Fourier Transform Infra-Red spectrometer (FTIR), Nicolet
AVATAR 370 equipment model. Specific surface area was
determined by the Brunauer-Emmett-Teller analysis (BET)
method from the N2 isotherms collected with a Belsorp
mini II BEL device, Japan, on degassed samples. In Raman
spectroscopy, a laser light beam is applied on the sample
and a detector records the wavelength and intensity of the
beam emitted from the sample. By measuring the difference
in the wavelength of the input and output beam, the type of
bonds in the sample can be determined. Raman analysis of
the samples was performed by the TakRam N1-541 device,
Iran, at a wavelength of 532 nm.
The antibacterial properties of the coated implants have
been investigated by disk diffusion and viable cell count.
The disk diffusion method is a simple, low-cost, and widely
used technique for evaluating the antibacterial properties
of materials. In this method, a standard suspension of the
desired microorganism is spread on an agar culture medium,
and samples containing the antibacterial agent are placed
on the culture medium. The antibacterial agent diffuses
from the sample into the agar and inhibits the growth of the
microorganism. After incubation, the diameter of the zone
of inhibition (the area where no bacterial growth occurs) is
measured. This method provides a qualitative assessment
of the antibacterial activity of the material. Standard gram-
negative bacteria E. coli ATTC25922 and gram-positive S.
aureus ATTC25923 were purchased from the Iran Scientific-
Industrial Research Center. The concentration of bacte-
ria used was 104 CFU/mL. Müller-Hinton Broth culture
medium (Merck) was used.

3. Structural characterization

3.1 XRD analysis
X-ray diffraction, which is an old method, is used to study
the crystalline properties of nanomaterials. Structural stud-
ies of nanocomposites were carried out by examining X-ray
diffraction (XRD) spectrum. The X-ray diffraction spec-

trum was taken in the range of 2θ=10°-90° and with a step
of 0.01.
The X-ray diffraction (XRD) patterns of TiO2, TA, and
TACH nanocomposites are shown in Figure 1. All the
diffraction peaks of TiO2 nano-powder show the crystalline
structure and the peaks correspond to crystalline planes
with angles 2θ=25° (101), 2θ=37.44° (004), 2θ=47.56°
(200), 2θ=54.56° (105), 2θ=55.6° (211), 2θ=62.5° (204),
2θ=68.6° (116), 2θ=69.8° (220), 2θ=74.75° (215). All
the diffraction peaks define the anatase phase well and can
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Figure 1. XRD patterns of TiO2, TA and TACH nanocomposites.

be attributed to the card JCPDS-21-1272 [29]. No distinct
peaks related to other crystalline forms were detected in
the XRD pattern, indicating the pure nature of the anatase
phase of TiO2 nano-powders.
The X-ray diffraction (XRD) pattern for TA nanocomposite
is shown in Figure 1. The XRD pattern of this nanocom-
posite shows the diffraction peaks that are related to the an
anatase-rutile mixed phase. Diffraction peaks observed at
25.4°, 32.5°, 36.3°, 39.1°, 48.5°, 54.8°, 55.5° correspond
to the planes 101, 103, 004, 112, 200, 105, and 211, re-
spectively [30, 31]. The diffraction peak at 2θ = 25.4 cor-
responding to plane 101 specifies the crystalline phase of
anatase in the nanocomposite [29]. On the other hand, the
diffraction peaks at 2θ = 27.8, 36.6, 39.3, 41.7, and 57.1
correspond to the 110, 101, 200, 111, and 220 planes of
TiO2 rutile, respectively [29, 31]. In addition, the presence
of Ag peaks at 38.2° and 44.3° could not be confirmed by
XRD, which could indicate that Ag is highly dispersed in
the nanocomposite or there is a possibility that an Ag peak
overlaps with the peak of anatase at 38.3°.
The X-ray diffraction (XRD) of the TACH nanocomposite
shown in Figure 1 indicates the diffraction peaks of the
anatase phase of TiO2, Ag and CH nanoparticles. These
specified peaks corresponded with the previously described

peaks of silver nanoparticles reported by Li et al. [32], while
the TiO2 and CH peaks are consistent with the findings of
Zafar et al. [33]. It can be seen that the diffraction peaks of
this nano-carrier are shifted to a high-angle region, indicat-
ing that foreign materials, such as chitosan, introduce stress
on the lattice of the host material (Ag/TiO2). It was also
noted that the prominent Ag peak at 38.18° overlapped with
the peak of TiO2 at 38° and suppressed the TiO2 signal.

3.2 FESEM and EDX analysis

There are various methods to determine the shape and size
of grains of the material, one of the most prominent of
which is microscopic methods. The Scanning Electron
Microscope (FESEM) is one of the most prominent micro-
scopic methods that, in addition to providing the magnified
images, can also be used for chemical analysis if equipped
with additional equipment. The results of surface morphol-
ogy of TiO2, TA and TACH nanocomposites by FESEM are
shown in Figure 2. As seen in Figure 2, TiO2 nanoparticles
formed clusters of spherical crystals with a diameter of ap-
proximately 0.1−0.3 micrometers and an average particle
size of 100 nm. Figure 2 shows the morphology of TA
composites. Silver nanoparticles in sizes of 60 to 100 nm
are homogeneously distributed in the anatase TiO2 matrix.

Figure 2. FESEM images of TiO2, TA and TACH nanocomposites.
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Figure 3. EDX images of TiO2, TA and TACH nanocomposites.

The EDX spectrum related to this composite is presented
in Figure 2. It is clear that the Ag element dominates in the
EDX spectrum and confirms the presence of silver nanopar-
ticles in TA nanocomposites. In addition, both Ti and O can
be detected in the EDX spectrum.
The morphology of TACH composites is shown in Figure 2.
As seen in the Figure, chitosan biopolymer covers the entire
surface of TA polygonal nanocomposites. As is evident
in the morphology of this composite, silver nanoparticles
remain separate on the surface of TiO2. The elemental spec-
trum of the synthesized TACH composite is also shown in
Figure 2, which shows the peaks related to titanium, silver
and chitosan.
EDX analysis was performed to investigate the composition
of the grown nanoparticles. Figure 3 shows typical EDX
analysis of TiO2 nanoparticles. From EDX analysis, it is
confirmed that the grown nanoparticles are only composed

of titanium and oxygen. The Ti:O molar (molecular) ratio
of the grown nanoparticles, calculated from EDX and quan-
titative analysis data, is close to that of bulk. Except for Ti
and O, no other peaks were found for any other element in
the spectrum, indicating that the grown TiO2 nanoparticles
are pure.
Figure 3 shows the EDX analysis for TA nanocomposites.
As can be seen from the figure, the elemental composition
of the nanocomposite was confirmed by EDX studies. The
presence of TiO2 elements in the TA nanocomposite is evi-
dent in the EDX diagram.
Figure 3 shows the EDX analysis for TACH nanocomposite.
As can be seen in the figure, silver and carbon peaks confirm
the formation of this nanocomposite structure. In contrast,
the peaks of Ti and O elements indicate the characteristic
composition of TiO2.

Figure 4. TEM images of TiO2, TA and TACH nanocomposites.
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Figure 5. FTIR spectrum of TiO2, TA and TACH nanocom-
posites.

3.3 TEM analysis
TEM images were taken from the samples, in order to inves-
tigate the morphology of the synthesized nanocomposites.
TEM images of TiO2, TA and TACH nanocomposites are
shown in Figure 4. The image of TiO2 nanoparticles can be
seen in Figure 4, where the titanium dioxide nanoparticles
are spherical in shape and less than 100 nm in size, which
have formed inter-connected clusters with a diameter of
0.1 to 0.3 micrometers. Figure 4 shows the image of TA
nanocomposite, in which spherical silver nanoparticles with
dimensions below 100 nm are homogeneously distributed
on TiO2 nanoparticles. By adding chitosan polymer, it can
be seen that according to Figure 4, this polymer covers the
entire surface of TA nanocomposites.

3.4 Fourier Transform Infrared spectroscopy analysis
(FTIR)

FTIR is a chemical technique used to identify functional
groups. This technique can plot the intensity of the infrared
spectrum based on the absorption wavelength. In this pro-
cess, infrared rays from 100 to 10000 cm−1 are irradiated to
the sample. Some of these rays are absorbed and others pass
through the sample. The absorbed rays are converted into
rotational and vibrational energy by the sample molecules.
Finally, the final signals are displayed by the detector in the
range of 400 to 4000 cm−1. It should be noted that each

Figure 6. Raman spectrum of TiO2, TA and TACH nanocom-
posites.

molecule shows its own spectra. Therefore, according to the
fingerprint spectra that are specific to each molecule, iden-
tification becomes very easy with the help of this analysis.
The FTIR spectrum of TiO2, TA and TACH nanocomposites
is shown in Figure 5. As can be seen, FTIR spectroscopy
was used to observe the interactions between silver and chi-
tosan nanocomposites and TiO2 nanoparticles.
Figure 5 shows the FTIR spectrum of TiO2 nanoparticles.
The peaks related to TiO2 nanoparticles can be seen in the
Figure. From this FTIR spectrum, several peaks are visible
at 3391.72, 2920.55, 2849.32, 1747.95, 1627.28, 1342.47,
728.77 and 463.88 cm−1. TiO2 nanoparticles have signif-
icant hydroxyl groups on the surface. In addition, small
crystals can lead to broad peaks. The spectroscopic band is
observed at ∼ 3391.72 cm−1, which is related to the sym-
metric and asymmetric tensile vibrations of the hydroxyl
group (Ti-OH) [34].
The broad peak observed between 3600− 3000 cm−1 is
related to the tensile mode of the hydroxyl group O-H,
which indicates the presence of moisture in the sample. The
characteristic peak at 1627.28 is related to O-H bending
vibrations of absorbed water molecules. Therefore, the two
peaks observed at 3391.72 and 1627.28 cm−1 are related
to interfacial (surface) absorbed water and hydroxyl groups
[35] and the presence of OH bands in the spectrum was due
to chemical and physical absorption of H2O on the surface
of nanoparticles [36]. It has been reported that bands from
400 to 1000 cm−1 are attributed to Ti-O tensile and Ti-O-Ti

Table 1. Results obtained from the BET test.

Samples Average diameter of porosity Effective pore volume Effective surface area
(nm) (cm3/g) (m2/g)

TiO2 2020.7 0.0072335 0.014319
TA 181.5 0.0075158 0.16564

TACH 106.48 0.0044144 0.16582
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bridging modes [37]. For pure TiO2, the peaks in the range
of 400 to 800 cm−1 are due to anatase titanium.
Figure 5 shows the FTIR spectrum of TA nanocomposite.
The broad peak located at ∼ 3439 cm−1 is related to the
tensile vibration of the hydroxyl group (-OH), which ab-
sorbs water and CO2 molecules in air. And at 1618 cm−1, it
originates from the bending vibrations of water molecules
[38]. The peak at 1384 cm−1 indicates the bonding of the
TA composite, confirming that Ag molecules are success-
fully deposited on TiO2 particles [39, 40]. The peaks in the
range of 500−1000 cm−1 are related to the anatase TiO2
phase [41].
The FTIR spectrum of the TACH nanocomposite is pre-
sented in Figure 5. When the physiochemical environment
in the vicinity of a functional group changes (for example,
complexation between a ligand and a metal ion), accord-
ingly, its characteristic peak changes in position and/or
intensity. According to other research [42], chitosan has
shown two main peaks at 1642 (C=O tensile) and 1518
cm−1 (N-H bending), respectively. In the FTIR spectrum
of the nanocomposite, these two peaks were changed to
1692 cm−1 and 1516 cm−1, respectively, indicating that
silver has bonded with amide on chitosan. In addition, a
new high-intensity peak at 1314 cm−1 was observed in the
nanocomposite, which is possibly attributed to the newly
formed Ag+-N coordination bonds [43]. Due to its numer-
ous amine and hydroxyl groups, chitosan has a great affinity
for metal ions [44].
Figure 6 shows structural information from Raman spec-
troscopy for TiO2, TA and TACH nanocomposites. In Fig-
ure 6, four characteristic Raman active modes of anatase
TiO2 with symmetries of Eg, B1g, A1g and Eg were observed
at 134, 382, 500 and 618 cm−1, respectively. These vibra-
tional frequencies and their intensity ratios confirm the pure
phase of anatase TiO2 [45].
Raman spectroscopy for TA nanocomposite is also shown
in Figure 6 in order to evaluate and identify the phase of
nanocomposites. The bands around 153.35, 198.74, 396.32,
521.19 and 637.41 cm−1 are characteristic of the anatase
TiO2 phase. However, no signal related to Ag nanoparticles
was detected, perhaps due to the relatively low concentra-
tion of Ag on TiO2 and poor dispersion (scattering) of its
Raman. The Raman spectrum of the TACH nanocompos-

ite is shown in Figure 6. The bands observed at 147, 398,
516, and 629 cm−1 indicate the anatase phase of TiO2. In
fact, these bands can be assigned to the active modes of
the O-Ti-O Raman spectrum in the low frequency of the
Eg mode and the high frequency of the B1g, A1g, Eg mode.
The presence of these peaks confirms the crystallization of
the anatase phase of TiO2.

3.5 Specific surface area measurement (BET)

The BET theory aims to explain the physical absorption of
gas molecules on a solid surface and serves as an important
analytical technique for measuring the specific surface area
of materials. By using BET analysis, it is possible to cal-
culate the percentage of porosity and specific surface area
of nanoparticles. BET analysis works based on measuring
the volume of nitrogen gas absorbed and desorbed by the
surface of the material at a constant temperature of liquid
nitrogen.
BET analysis of TiO2, TA and TACH nanocomposites was
performed, as shown in Figure 7. Table 1 shows the prop-
erties of TiO2, TA and TACH nanocomposites, including
the effective area, effective porosity volume and the average
diameter of porosity using the BET method. According
to Table 1, it can be seen that all three nanocomposites
have pores larger than 50 nm, so they are in the macro-pore
dimensions. The diameter of the pores was significantly de-
creased by adding silver nanoparticles, and in the presence
of chitosan, the diameter of the pores was decreased again.
In the presence of silver nanoparticles, the effective area
has also significantly increased, and it also shows a slight
increase with the addition of chitosan. Based on the shape
and position of the pores relative to each other inside the
porous material, the pores are divided into the following
four categories: passing pores, dead end pores, closed pores,
and inter-connected pores. By examining the FESEM im-
ages in Figure 2, it turns out that in all three structures, the
pores are of the closed type.
In all types of absorption isotherms, as the vapor partial
pressure of the absorbate material increases, the amount of
absorbed material increases until a monolayer is formed on
the surface. Increasing the pressure after this point causes
more than one layer to form on the surface. According to
the classification by BDDT, the absorption and desorption

Figure 7. Nitrogen absorption-desorption isotherm for TiO2, TiO2-Ag and TACH nanocomposites.
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Figure 8. Growth inhibition halo created by disks containing TiO2, TA and TACH samples on E. coli.

isotherm diagrams of TiO2, TiO2-CH and TiO2-PVA follow
type 1 and 2, which is specific to non-porous and microp-
orous solid materials [46].
The absorption and desorption diagrams of N2 of all three
nanocomposites showed that in low relative pressure (P/P0)
conditions, the absorption and desorption diagrams do not
overlap. This unusual case can occur in materials such
as chitosan. Therefore, the excretion process can occur
through the penetration mechanism, which encloses the
exit of the gas phase from the pores. Confined gases are
collected in the pores and simultaneously released under
low pressure. Therefore, the absorption-desorption diagram
showed that more gases were desorbed than absorbed [47].

3.6 Analysis of the antibacterial property of the samples

The antibacterial test of TiO2, TA and TACH nanocompos-
ites was performed in the first step by the disk diffusion
method. In this method, a standard suspension of the de-
sired microorganism is spread in the Mueller-Hinton agar
culture medium, and the samples are then placed on the
culture medium and antibacterial agents are spread on it
by a sampler. Usually, the antibacterial agent is spread in
the agar and prevents the germination and growth of the
microorganism, and finally the diameter of the non-growth
halo is measured. This method is very popular due to its
simplicity, low cost and easy interpretation of the results.
In this method, bacteria are classified as sensitive, semi-

sensitive or resistant to each antibacterial agent.
Here, the effect of TiO2, TA, and TACH nanocomposites in
solid culture medium was investigated by the disk diffusion
method, which included measuring the growth inhibition
halo created by disks containing sample on E. coli and S.
aureus bacteria.
The minimum diameter of the inhibited halo was measured
after 24 hours and the results are shown in Figures 8 and 9.
According to these figure, it is specified that TA and TACH
nanocomposites have prevented the bacterial growth and a
non-growth halo around bacteria is clearly visible in these
images. It can also be seen that the TACH nanocomposite
showed the highest antibacterial property and TiO2 nanopar-
ticles showed the lowest antibacterial property on both E.
coli and S. aureus. In addition, the effect of nanocompos-
ites on S. aureus is greater than E. coli and it has a larger
non-growth halo.
Given that disk diffusion analysis is a qualitative analysis,
the viable cell count method was also used to more precisely
investigate the antibacterial property of TiO2, TA and TACH
samples. The results are reported in Table 2. According to
Table 2, it can be seen that all three samples have antibacte-
rial property against both gram-positive and gram-negative
bacteria compared to the blank sample. Similar to the re-
sults of disk diffusion, the TACH nanocomposite showed
the highest percentage of bacterial growth inhibition and
the TiO2 nanoparticle showed the lowest percentage of bac-

Figure 9. Growth inhibition halo created by disks containing TiO2, TA and TACH samples on S. aureus.
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Table 2. Growth inhibition percentage of E. coli and S. aureus in the presence of TiO2, TA and TACH samples measured by
viable cell count method after 18 hours.

Samples E. coli S. aureus

Blank 0.0 0.0
TiO2 48.5 50.8
TA 53.0 63.7

TACH 56.9 71.7

terial growth inhibition on both E. coli and S. aureus. In
addition, the percentage of bacterial growth inhibition by
nanocomposites on S. aureus is higher than E. coli.
The reports of researchers show that silver nanoparticles
and metal oxides such as TiO2 kill bacteria in different ways.
Among them, the penetration of nanoparticles into the bac-
terial cell and their effect on the cellular DNA causes the
death of the bacteria. On the other hand, nanoparticles affect
the exchange across the bacterial cell membrane, disturb
the activity of cytoplasmic enzymes, and produce the lethal
free radicals inside the cell, which causes the destruction of
bacteria. The increase in antibacterial property of the TACH
nanocomposite is due to the presence of nanoparticles that
are uniformly dispersed in the polymer matrix. In fact, the
presence of chitosan makes it possible for nanoparticles
to have better distribution and dispersion in the polymer
matrix. Also, chitosan polymer has effectively reacted via
hydrogen bond with nanoparticle plates, which has finally
been able to create an inter-connected and uniform structure
with the help of transverse connections between polymer
strands, which agrees with the results of TEM and FESEM
microscopes [48–50].

4. Conclusion
Titanium dioxide (TiO2) nanopowder, TA and TACH
nanocomposites were produced by the hydrothermal
method. After the synthesis of nanocomposites, implant
pieces were coated by the dip coating method. The skull
titanium mesh implant pieces were dipped in solutions
containing nanopowders of TiO2, TA, and TACH to
achieve a consistent coating. The X-ray diffraction (XRD)
results of TiO2 show that all the diffraction peaks of TiO2
nano-powder show a crystalline structure. Also, The XRD
pattern of TA nanocomposite shows the diffraction peaks
that are related to an anatase-rutile mixed phase. The
XRD of TACH nanocomposite indicates the diffraction
peaks of anatase phase of TiO2, Ag and CH nanoparti-
cles. The surface morphology of TiO2, TA and TACH
nanocomposites was characterized using FESEM. The
TEM images of TiO2, TA and TACH nanocomposites show
that they are spherical in shape and the size of nanoparticles
less than 100 nm. The FTIR spectrum of TiO2, TA and
TACH nanocomposites was used to observe the interactions
between silver and chitosan nanocomposites and TiO2
nanoparticles. The Raman spectroscopy for TiO2, TA
and TACH nanocomposites shows four characteristic
Raman active modes of anatase TiO2 with symmetries of
Eg, B1g, A1g and Eg were observed at 134, 382, 500 and

618 cm−1, respectively. BET analysis of TiO2, TA and
TACH nanocomposites included effective area, effective
porosity volume and the average diameter of porosity using
the BET method. According to the antibacterial results,
it is specified that TA and TACH nanocomposites have
prevented the bacterial growth and a non-growth halo
around bacteria is clearly visible in the images. It can also
be seen that TACH nanocomposite showed the highest
antibacterial property and TiO2 nanoparticle the lowest
antibacterial property on both E. coli and S. aureus.
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rucuel, and M. Soylak. “TiO2ZnO nanocomposite:
bifunctional material for solid phase extraction of U
(VI) and Th (IV) and photocatalytic degradation of
organic contaminant”. Journal of Radioanalytical and
Nuclear Chemistry, :1–14, 2023.

[24] W. Al Zoubi, A. A. Salih Al-Hamdani, B. Sunghun,
and Y. G. Ko. “A review on TiO2-based composites for
superior photocatalytic activity”. Reviews in Inorganic
Chemistry, 41:213–222, 2021.

[25] L. M. Anaya-Esparza, Z. Villagran de La Mora,
N. Rodrı́guez-Barajas, T. Sandoval-Contreras,
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