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Abstract

Chitosan-titanium oxide-silver CS-TiO2-Ag nanocomposite was successfully synthesized using pulsed laser ablation in 
liquid with a frequency of 1 Hz and energy of 500 mJ, and the number of pulses of titanium and silver plates was 1000 
and 500, respectively. The resulting nanocomposite was characterized using various techniques, including FTIR, UV-vis, 
X-ray diffraction, and SEM. The FTIR analysis showed that the chemical bonds of chitosan were superimposed with silver 
and titanium oxide. UV-vis spectrum showed that the absorbance peaks for CS-Ag and CS-TiO2 at 399.9 nm and 242 nm, 
respectively, and the calculating energy gaps of the CS-TiO2,CS-Ag and CS-TiO2-Ag nanocomposites are found to be (4.18 , 2.82 
and 2.74 ) eV, respectively. The SEM images for CS-TiO2-Ag showed that the shape as semi-spherical, and the average grain size 
of the nanoparticles is 95 nm. Moreover, the X-ray diffraction analysis revealed that TiO2 and Ag were polycrystalline and that 
the average crystallite sizes for CS-Ag, CS-TiO2, and CS-TiO2-Ag were 5.96, 5.96, and 5.95 nm, respectively. 
This study demonstrated that pulsed laser ablation in liquid is an easy and safe method for synthesizing CS-TiO2-Ag 
nanocomposites that can be used in various applications. The characterization techniques used in this study provided valuable 
insights into the properties and structures of the synthesized nanocomposite material.
    
 Keywords: Chitosan; Titanium Oxide; Silver; Pulsed Laser Ablation of Liquid; Optical Properties; X-Ray Diffraction; Scanning 
Electron Microscope (SEM) 

Abbreviations: SEM: Scanning Electron Microscope; 
EDX: Energy Dispersive X-ray Spectroscopy.

Introduction

Nanometals and metal oxide including gold, zinc, copper, 
silver, titanium, zinc oxide, silver oxide, and titanium oxide 
have attracted great attention recently in medical, chemical, 
and optoelectronics applications due to their chemical and 
physical properties [1]. Therefore, titanium oxide (TiO2) is 
a naturally occurring mineral that is widely used in various 
industrial and commercial applications due to its unique 

properties. Meanwhile, Silver (Ag) is chemical element 
with a highly conductivity and is often using in electrical 
and electronic, and other application. Silver has a high level 
of ductility and malleability, which makes it easy to shape 
into different forms [2]. On the other hand, polymers have 
been used with nanomaterials to enhance one another’s 
properties [3] such as polyvinyl alcohol [4], polystyrene [5] 
and Chitosan (CS) [6].

In general, nanomaterials (NMs) can be synthesized using 
two methods: chemical methods such as Sol-Gel method [7], 
electrochemical synthesis [8], and physical methods such as 
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Gas Phase Condensation [9], Solvent Evaporation [10], Ball 
Milling [11], and laser ablation [12].

In recent years, many reports have synthesized the 
nanocomposites CS-TiO2 by the laser ablation method 
[13,14], CS-TiO2 by a homogenization approach and by 
chemical reduction [15,16], as well as CS-Ag by the pulse 
laser ablation [17] and by Electrodeposition [18], In addition, 
the compound CS-Ag-TiO2 was synthesized by the chemical 
method [19].

As known, pulsed laser ablation has been utilized to 
prepare nanomaterials by focusing the laser beam on a 
solid target immersed in a liquid solution, where the target 
absorbs the heat from the laser, generates plasma, and then 
nanoparticles are obtained [20]. This method is safer and 
more environmentally friendly than other methods. It allows 
for the control of the laser parameters used, including laser 
energy, wavelength, pulsed number, repetition rate, and 
frequency, to obtain nanoparticles of an appropriate size 
[21].

In this research, the CS-TiO2-Ag nanocomposites were 
synthesized by pulsed laser ablation in liquid, and the 
properties of the nanocomposite were studied.

Material

High purity chitosan powder with a molecular weight 
of 1,500,000 g/mol was purchased from Life Sciences 
(GP5053) 0.5 (g). Silver and titanium plates (purity 99.8%) 
were also purchased from commercial market as target 
metal substrates. 

Experimental 

The chitosan was dissolved in a mixture of water (670 ml) 
and acetic acid (70 ml). Silver nanoparticles were prepared 
by pulsed laser ablation in liquids; a silver plate was placed 
in a previously prepared chitosan solution. A Nd:YAG laser 
with a wavelength of 1064 nm was used, with an energy of 
500 mJ, a pulse number of 500 pulses, and a frequency of 
1 Hz. Similarly, titanium nanoparticles were prepared using 
the same ablation method with same parameters, but with a 
higher number of pulses (1000 pulses). Thus, CS-TiO2-Ag was 
synthesized.

The CS-Ag and CS-TiO2 nanocomposites were prepared 
separately in the same chitosan solution, and the same laser 
parameters mentioned above were used for each sample 
CS, CS-Ag, CS-TiO2, and CS-TiO2-Ag. These samples were 
deposited on aluminum pieces for EDX and SEM analysis. In 
addition, the same samples were placed on a glass slide for 
XRD analysis. The liquid was used to perform the analyses 
(FTIR, and UV-Vis).

Results and Discussion

UV-Vis septum shows that the peak of CS-Ag is at 400 nm, 
and for CS-TiO2, the peak is at 242 nm. For CS-TiO2-Ag, the 
peak position has no change, but the intensity of absorption 
had been changed due to the increasing in the concentration 
of nanoparticles in the solution [22,23], where the increment 
in the intensity of (CS-TiO2) and the decreasing of (CS-Ag) 
intensity of the composite (CS-TiO2-Ag) due to the presence 
of core-shell, which means that the silver is surrounded by 
titanium [24] as shown in (Figure 1).
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 Figure 1: UV–vis spectra of the CS –Ag, CS-TiO2, CS-TiO2-Ag, CS.
 

Beer-Lambert law has been used to calculate the absorption 
coefficient, equation (1) [25]; 
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α=2.303A/t (1)
Where α: absorption coefficient
A: absorbance 
t: thickness

As shown in (Figure 2), the high absorption coefficient 
at 224 nm and 399.9 nm represented the TiO2 and Ag 
respectively.

Figure 2: The absorption coefficient for CS, CS-Ag, CS-TiO2, and CS-TiO2-Ag.

The Tauc plot method is based on the assumption 
that the energy-dependent absorption coefficient α can be 
expressed by equation (2) [26]:

(α · h ν) 1 / γ = B (h ν − E g) (2)
where h is the Planck constant, ν is the photon’s frequency, 
Eg is the band gap energy, and B is a constant.

So, the energy gaps of the CS-TiO2, CS-Ag and CS-TiO2-Ag 
are (4.18, 2.82 and 2.74) eV, respectively as shown in Figure 
3. Titanium oxide is a semi-conducting oxide, and when it is 
doped with chitosan polymer, it creates secondary levels in 
the energy gap between the valence band and the conductive 
band, as is the case with silver nanoparticles [27,28].

Figure 3: The Energy Band Gap for: A (CS-TiO2), B (CS-Ag), C (CS-TiO2-Ag).
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As is known, infrared spectroscopy is a powerful tool 
for analyzing the functional groups present in molecules. 
In general, the position and shape of peaks in the infrared 
spectrum can be used to identify specific functional groups 
within the molecule [29]. Figure 4 shows the chemical bonds 
(C-H, C-N, O-H, C-O, C-O-C, COO, C=H, C=C) to the chitosan 
polymer, which are present in all samples, and in the sample 

CS-Ag, the bond of silver with the polymer is followed by 
bonds (Ag-NH2, Ag-O). In the sample, CS-TiO2 bonds also 
appeared, indicating the presence of titanium in the polymer 
(Ti-O-Ti) and the sample CS-TiO2-Ag revealed links indicating 
the presence of both silver and titanium (Ag-O, Ti-O, Ti-C). 
These results indicate that the TiO2 and Ag nanoparticles are 
present in the matrix of the CS polymer [30-34]
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Figure 4: The FTIR for: CS-Ag, CS-TiO2, CS-TiO2-Ag, CS.

Figure 5: The EDX for (CS-Ag).
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Figure 6: the EDX for (CS-TiO2).

C [wt.%] Materials
67.78 Ag
14.76 N
10.22 C
4.37 O
2.1 Al

0.77 Mo

Table 1: The EDX for (CS-Ag).
 

C Error [wt.%] Materials
23.08 Ti
36.25 C
19.66 N

19 O
2 Al

Table 2: The EDX for (CS-TiO2).

In Figures 5 & 6, as well as Tables 1 & 2, Energy Dispersive 
X-ray Spectroscopy (EDX) analysis revealed the presence of 
various elements. Elements such as carbon (C), nitrogen (N), 
and oxygen (O) were attributed to chitosan, consistent with 
findings as reports [35,36]. Furthermore, the appearance of 
silver (Ag) and titanium (Ti) indicates the presence of silver 
and titanium nanoparticles. The detection of aluminum 
(Al) and molybdenum (Mo) could potentially stem from 

contamination originating from the sample holder.

Moreover, the X-ray diffraction technique was used to 
study the crystal structures of CS-TiO2, CS-Ag and CS-TiO2-Ag. 
For CS-TiO2, the diffraction spectrum in (Figure 7B) shows 
the peaks at (2𝜃 = 29.701, 37.42), directions (101, 401), and
intensity (110), (110), respectively. These angles coincided 
with the International Card for Titanium Oxide (46-1238). 
While (Figure 7C) shows the X-ray diffraction spectrum of 
CS-Ag, which showed diffraction peaks at (2𝜃 = 29.54, 32.03,
35.32, 37.27) corresponding to a previous study [37] and the 
International Silver Card (41-1402) and in the direction of 
(331), (131), (100), (101) with intensity (100, 100, 20, 50) 
respectively.

Additionally, for the CS-TiO2-Ag, its diffraction spectrum 
was as shown in (Figure 7D), at (2𝜃 = 29.655, 32.172,
37.328), directions (204), (404), (205) and intensity (150, 
800, 100) respectively, its combatable with the international 
card (32.1028). 

The angles were repeated in the CS-Ag, and CS-TiO2 with 
the angles of the CS-TiO2-Ag, but the angles (29, 32, and 37) 
were different in intensity as shown above. 

Peaks appeared for CS-Ag more than peaks for CS-TiO2, 
although the number of pulses used in the ablation of titanium 
is more than the number of pulses used in silver, because of 
the high bonding energy of titanium, where it needs a higher 
number of pulses to get rid of the bonds between its atoms 
[38-40].
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Figure 7: XRD for A (CS), B(CS-TiO2), C (CS-Ag) and D (CS-TiO2-Ag).
 

Figure 8: The SEM CS-TiO2-Ag.
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In the scanning electron microscope (SEM) images as in 
(Figure 8), sheet of chitosan formed with silver and titanium 
dioxide appeared in the form of white dots, and the grain size 
was different and the average grain size was 95 nm. Taking 
into account that the small sizes could not be calculated by 
the Image program.

Conclusions

In this study, we have successfully prepared 
nanocomposites CS-TiO2-Ag, CS-Ag, and CS-TiO2 using 
the innovative technique of pulsed laser ablation in 
liquid. The absorbance spectra analysis yielded valuable 
insights, revealing distinct peaks at 242 nm and 400 nm, 
corresponding to titanium dioxide and silver, respectively. 
Moreover, the calculated bandgap energies for CS-TiO2, CS-
Ag, and CS-TiO2-Ag were found to be 4.18 eV, 2.82 eV, and 
2.74 eV, respectively.

Our investigation into the crystalline structures through 
X-ray diffraction analysis unveiled commendable crystalline 
qualities in all compounds. Remarkably, the average 
crystalline sizes for CS-Ag, CS-TiO2, and CS-TiO2-Ag were 
determined to be 5.96 nm, 5.96 nm, and 5.95 nm, respectively, 
indicating fine crystallinity in the materials.

Chemical interactions among these compounds were 
systematically confirmed via FTIR analysis, demonstrating 
the successful formation of the nanocomposites. Visual 
examination of the SEM images showcased an average grain 
size of approximately 95 nm for the Ag and TiO2 materials, 
effectively adhering to the chitosan substrate.
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