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ABSTRACT: Several techniques have been used, including green manufacturing and femtosecond laser ablation, to synthesize 

silver oxide nanoparticles (AgO NPs). In this study, low-cost, environmentally friendly green nanomaterials were synthesized and 

compared to femtosecond laser ablation. Characterization studies demonstrated that the green nanosilver mixture provided a uniform 

and controlled distribution of silver nanoparticles within the polymer matrix without the addition of any other stabilizers. 

Transmission electron microscopy (TEM) studies revealed that the size of the green silver nanoparticles was around two times larger 

than the laser-absorbed method. The interactions between the silver nanoparticles and the mixture were characterized by changes in 

the intensity of the vibrational peaks and spectral positions. X-ray diffraction (XRD) confirmed the structural modification within 

the chitosan matrix resulting from the inclusion of silver nanoparticles. Tilt angles were constant for green methods. Absorption 

changes were studied using ultraviolet-visible (UV-Vis) spectroscopy, and the optical band gap was calculated. The nanosilver 

exhibits a broad peak at 450 nm, as well as an extract-associated peak at 280 nm, while the silver nanoparticles in the mixture exhibit 

a broad peak at 427 nm. These results reveal significant differences in the properties of product nanoparticles using the green method 

and femtosecond laser ablation technique.                                                                                                                                                  
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1. INTRODUCTION 

Environmentally friendly nanomaterials can be manufactured from natural sources such as bacteria and fungi, but the most important 

safe source for green nanotechnology is plants, which have proven their efficiency in creating effective and low-cost water 

treatments, and the resulting sludge is low in biodegradability [1-3]. Silver nanoparticles (AgNPs) are among the most widely 

materials that are used in research and industry because they possess distinct physical and biological properties compared to pure 

silver, as evidenced by altered optical and electrical properties. Silver nanoparticles can be used in a variety of applications, such as 

antibacterial agents [4], electronics, sensors and solar cells [5,6].                                                                                                           

Combining polymer composites with nanomaterials is one of the most interesting approaches currently to exploit the common 

features of polymers and nanomaterials. Chitosan is a natural polymer made from chitin and exhibits excellent properties such as 

being non-toxic, antimicrobial, biodegradable, and biocompatible with organic compounds [1,4]. Chitin is naturally found in the 

cell walls of fungi, the exoskeletons of arthropods such as crustaceans and insects, and fish scales [1]. Filling a chitosan matrix with 

silver nanoparticles holds great potential in medicine, especially in wound dressings and drug delivery due to their antimicrobial 

properties. The chitosan matrix helps control the release of silver nanoparticles, reducing their toxicity to normal cells [7]. Chitosan 

materials are used as coating agents to regulate the shape and size of nanoparticles and to stabilize the synthesized silver 

nanomaterials [8-11].This study aims to compare the green synthesis of AgONPs from (Leaves of Ziziphus spina-christi plants 

extracts) and the fabrication of a new chitosan-blend composite film filled with concentrated silver nanoparticles (laser-ablated), 

using a simple method for their production and to study their physical properties. This in-depth study also discusses the optical and 

structural properties of both methods using different techniques.                                                                                                           

 

2. MATERIALS AND METHODS 

Treatment of plant 

Z. spina-christi Leaves were collected and attended as stated in the literature of (Al Bayati et al., 2020). 

Solution Preparation and (AgNPs) A Green Synthesis 3AgNO 
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To create a usable 1 mM silver nitrate solution, 0.016987 gram of silver nitrate was dissolved in 100 ml of deionized water. (AgNPs) 

of the Z. spina-christi extract were produced using the procedure described in the literature of [12], which involved mixing 10 ml 

of the extract. Preliminary evidence of the formation of AgNPs was obtained by watering the plant with 100 ml of a 1 mM con. of 

silver nitrate solution, heating the mixture on a magnetic vibrating plate at 45 C° for 20 minutes, and observing the mixture's color 

change. The weights were prepared for every 1 ml of sterile distilled water, and the amount was preserved until used in the various 

experiments.                                                                                                                                                                                             

Preparation of Chitosan (AgNPs) Synthesis 

Chitosan (from Fluka, USA) were utilized as a blend matrix for filling with AgNPs (synthesized by femtosecond laser ablation 

method); the distilled water was used as solvent.                                                                                                                                      

Chitosan was prepared by dissolving it in distilled water containing 2% acetic acid. These components were then mixed to form a 

mixture of 20 wt.% chitosan. Silver nanoparticles (AgNPs) were combined in distilled water with the polymer blend in pre-

calculated amounts under the same conditions to obtain silver nano composite samples in the concentration of 19.8 ml.280 ppm/w. 

The solution was then placed in Petri dishes at 45 °C for approximately 48 h. After complete drying, the nanocomposite films were 

separated from the Petri dishes and stored in vacuum desiccators until use.                                                                                            

Physical characteristics of AgNPs     

FTM, the prepared samples were examined to determine the size and shape  3Using a French scanning electron microscope MIRA

of the particles [13]. Approximately 5 microliters of the ready-to-examine solutions were placed on an electron microscope holder 

made of carbon and gold, and the sample was left to dry at room temperature before being examined under various magnifications. 

The prepared AgNPs' size and diameter, as well as their surface morphology and roughness, were studied by using an atomic force 

microscope (Angstrom Advanced AA2000). To prepare for testing, a tiny drop of the sample solution was put on a 1 × 1 cm glass 

slide and allowed to dry at room temperature [14]. X-ray diffraction spectroscopy was used to measure the phase variation and grain 

size of AgNPs [15]. 48 hours after the green nanoparticles were prepared, a sample was obtained and subjected to a UV spectrometer 

examination at 190–1100 nanometers in wavelength. The water used was distilled deionized. At room temperature, the product's 

optical characteristics were evaluated [16].                                                                                                                                              

Statistical analysis 

Data was analyzed by (ANOVA) method and (LSD) Test.  

 

3. RESULTS AND DISCUSSION  

3.1 Characterization of silver nanoparticles   

3.1.1 Transmission electron microscopy (TEM) 

Transmission electron microscopy (TEM) was used to measure the size of the produced silver nanoparticles. Figure (1) shows TEM 

images of pure green silver nanoparticles and AgONPs removed by laser in aqueous solution. It reveals that the green nanoparticles 

were approximately spherical in shape, randomly distributed, with diameters ranging from 50 to 70 nm. The laser-removed ones 

appeared as even, well-packed cubes, with diameters ranging from 30 to 60 nm. Figure (3) due to the aggregation that occurred as 

a result of the presence of cell components on the surface of the nanoparticles, as it served as a barrier agent. This agrees with that 

was obtained in [17], who observed the morphology and composition of silver nanoparticles using extracts of the Tridux procumbens 

plant, also [17] stated that the silver nanoparticles extracted from cinnamon and sage plants were characterised with spherical as 

shown in figure (1).                                                                                                                                                                                  
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Figure 1. TEM images for green and laser ablated AgO NPs 

 

3.1.2.  X-Ray Diffractometer (XRD) 

Figure (2) shows a green manufacturing by reducing Ag+ ions using buckthorn extract is crystalline in nature, and all peaks that 

observed in the XRD pattern can easily be classified as having a structure of central cubic structure. The average size of the 

nanocrystals was estimated by using the Scherrer equation:                                                                                                                     

D = 0.9λ / β Cos θ                                                        (1) 

where the average size of the crystals according to the measurement was 24.37 nm. This also agreed with results of [18], in the 

preparation of silver nanoparticles using a water extract from some plant leaves, and the silver nanoparticles showed clear peaks.    

Figure (3) shows the X-ray diffraction (XRD) of chitosan filled with a concentration of silver nanoparticles (AgNPs) in the 

diffraction angle extending from 3° to 70°. Filling the mixture with silver nanoparticles also reduces the intensity of the peak at 2θ 

= 19.4°, which depends on the interaction between the filler and the mixture, which reduces the intermolecular interaction between 

the mixture chains, and works to lower the degree of crystallinity [19]. This amorphous nature is responsible for the high ionic 

diffusion, which leads to a higher ionic conductivity [20]. This behavior indicates that the chitosan matrix has undergone a structural 

modification as a result of the filling of silver nanoparticles and confirms the results that were obtained in the FTIR studies. 

Furthermore, it can be observed from the same figure that after filling with a high content of extracted silver nanoparticles, a new 
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peak is generated at ~38°, which can be attributed to the face-centered cubic (fcc) structure of the embedded silver nanoparticles, 

which corresponds to the parameters h k l (111) [21].                                                                                                                              

 
Figure 2. X-ray diffraction (XRD) of AgNPs from the buckthorn plant 

 
Figure 3. X-ray diffraction (XRD) of chitosan pure and filled chitosan blend with AgNPs 

 

3.1.3. UV/VIS absorption and optical studies  

Figure (4) shows the UV/Vis absorption spectra of the chitosan nanocomposite samples. The absorbance values at a wavelength of 

200 nm can be attributed to the interaction between the polymer matrix and the added silver nanoparticles, which affects the 

calculated optical band gap [22] associated with the crystallinity change in the nanocomposites. In addition, a peak begins to appear 
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at λmax = 427 nm, and its intensity increases continuously with increasing silver nanoparticle concentration. The appearance of this 

peak in the visible range is attributed to the surface plasmon resonance (SPR) nature of the silver nanoparticles incorporated in an 

insulating medium, which results from the collective excitation of the conduction band electrons in the nanoparticle. The presence 

of these peaks also indicates that the synthesized mixture can be used as a good cross-linking agent for silver nanoparticles. The 

increase in λmax (and hence the decrease in the optical band gap energy) means that the particle size increases with increasing filler 

concentration [23], indicating that the laser-exfoliated silver nanoparticles have a larger size than those obtained from green-coated 

silver nanoparticles.                                                                                                                                                                                   

 
Figure 4. UV/VIS absorption spectra of the chitosan pure and nanocomposite samples 

 

Figure 5.a. shows the highest absorption peak for the crude extract at a wavelength of 228 nm. While figure 5.b. showed the presence 

of silver nanoparticles, as the absorption peak was recorded at a wavelength of 440 nm. This result is within the diagnostic limits 

for silver nanoparticles, which range between 400 and 450 nm, due to surface plasmon absorption. This phenomenon occurs as a 

result of the dipole oscillation that is formed when the electromagnetic field within the visible range is coupled with the collective 

oscillation of conduction electrons. The plasmon resonance phenomenon often occurs for metallic surfaces of silver and gold when 

a light beam is directed and strikes the metallic surface at a specific angle and depends on the thickness of the molecular layer of 

the metal surface. Therefore, the size of the formed particles can be counted within the size limits of nanomaterials [24]. This result 

is consistent with the study of [25,26], as the UV-visible spectrometer for examining silver nanoparticles manufactured from ivy 

and aloe vera extracts showed that the highest absorption peak was at wavelengths of 419-427 respectively. The results of the current 

study are also consistent with those of [27]. The results of examining silver nanoparticles manufactured from celery and myrtle 

extracts using UV-visible spectroscopy showed the highest absorption peak at wavelengths 408-410 respectively, which are within 

the absorption range of silver metal, which ranges from 400 nm to 450-                                                                                                
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Figure 5. UV/VIS absorption spectra of the Z-AgONPs and plant extracts samples 

 

4. CONCLUSION 

Silver oxide nanoparticles were synthesized by green methods using an aqueous extract of sea buckthorn. A chitosan mixture filled 

with silver nanoparticles was prepared using a common casting technique. Transmission electron microscopy (TEM) investigations 

confirmed the presence of Z-AgONPs with diameters ranging from 50 to 70 nm, while in the case of chitosan, silver nanoparticles 

of diameters ranging from 30 to 65 nm were produced. X-ray analysis showed that Z-AgONPs have a spherical crystalline shape, 

while chitosan, after filling with highly corrosive silver nanoparticles, generates a peak at 38 °C. This can be attributed to the face-

centered cubic (fcc) structure of the embedded silver nanoparticles, which corresponds to the h k l (111) parameters. UV/Visible 

and Fourier transform infrared spectroscopy data revealed that Z-AgONPs possess more than just strong activity, due to the 

interaction of the active compounds in the plant extract and the formation of complexes with the prepared polymers and/or silver 

nanoparticles. This can be observed in the UV band expansion and redshift, which can be attributed to intermolecular interactions 

between hydrogen bonds. The study results showed that the optical band gaps are significantly reduced by filling, as filling with 

silver nanoparticles which produce levels of charge-carrier-rich traps. All these data support the idea that green nanofabrication 

produces stable and efficient silver nanocomposites, compared to complex formation between silver nanoparticles and a blended 

matrix.                                                                                                                                                                                                       
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