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Abstract 

Silver nanoparticles (AgNPs) were successfully synthesized via laser ablation technique in aqueous media. 

Polymer blends of Chitosan (CS), polyvinylpyrrolidone (PVP), and Amoxicillin (AMOX) were synthesized using 

a casting technique from a common solvent. Ag NPs were incorporated into CS/PVP/AMOX blend matrix to 

outline the role played by AgNPs on the blend's main characteristics. Synthesized nanoparticles show a surface 

plasmon resonance peak at about 430 nm. XRD pattern of the synthesized silver reveals the formation of 

homogenous multi-dispersed nanoparticles with an average size of 14 nm calculated using the Scherrer equation 

and with an agreement with that obtained from transmission electron microscopic (TEM) image. The optical 

energy gap is calculated from the electronic UV/Vis. transitions in combination with the measured electrical 

conductivity of the studied samples imply a composition dependence on the obtained values. The antibacterial 

effect of the samples was measured, which shows a correlation with the added amount of the dopant materials.  
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1. Introduction 

Polymer blending attracts the curiosity of several 

scientists within the last decades because of their 

superior characteristics among their separate polymer 

networks and wide applications [1-3]. In addition, 

doping polymeric matrices with inorganic materials 

[4] or nanomaterials [5] may result in new 

applications. The development of biomaterials and 

drug delivery systems has sparked a lot of attention 

as the demand for millennium goals results from low 

cost and ease of production [6, 7]. The biocidal action 

of silver nanoparticles takes place by the slow 

liberation of Ag+ and by several mechanisms like 

reaction with thiols groups in enzymes and proteins, 

inducement of oxidative agents, and inhibition of 

DNA, leading to the difficulty of the production of 

resistant strains by bacteria. In addition to that, the  

 

large surface area of silver nanoparticles enhances the 

reactivity and sorption with pathogens [8]. 

Because of its high environmental stability, simple 

processability, reasonable electrical conductivity, and 

diverse physics in charge transport mechanism, PVP 

remains crucial among the conjugated polymers. 

Because of the existence of the stiff pyrrolidone 

group, it is an amorphous polymer with high glass 

transition temperatures (Tg) up to 170 °C. It has great 

wetting capabilities in solution and rapidly forms 

films. This makes it suitable for use as a coating or as 

a coating additive [9, 10]. 

Chitosan is a positively charged natural 

polysaccharide, which is composed of β-(1→4)-

linked N-acetyl-D-glucosamine (GlcNAc) and D-

glucosamine (GlcN) [11]. Chitosan is derived from 

the deacetylation of chitin polymer, and it is soluble 
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in acidic aqueous media because of the existence of 

amino groups Chitosan has a high ability to form 

films, but biopolymers are more expensive than 

synthetic polymers. So, to overcome that, blending 

between natural and synthetic polymers introduces 

new substances with improved characteristics with 

reduced costs [12] 

Amoxicillin drug is one of the most common 

antibiotics which are used to treat the eradication 

caused by Helicobacter pylori (H. pylori) which is a 

Gram-negative bacterium. Nanoencapsulation of 

drugs is a novel therapeutic technique to retard 

infections caused by bacteria. As a result of that, 

amoxicillin has been encapsulated in several forms in 

drug delivery systems like gastro-retentive tablets, 

polymeric, and lipid nanoparticles [13,14]. 

The present study is aiming to correlate the role of 

AgNPs embedded within blends of CS/PVP/AMOX 

thin films on their conductivity. 

 

2. Experimental 

2.1.Sample preparation 

Parent undoped thin films of Chitosan/ 

Polyvinylpyrrolidone (CS/PVP) (75/25wt%) in 

addition to another sample that doped with minor 

concentrations of variable mass fractions of AMOX 

and AgNPs were successfully synthesized via 

traditional solution casting route. Silver nanoparticles 

(AgNPs) were successfully synthesized via the laser 

ablation route in aqueous media. Clean Silver target 

immersed in distilled water subjected for Nd:YAG 

nanosecond pulsed laser adopting 1064 nm beam of 

width 6 nm and power 4 Watt with pulse frequency 

10Hz [15]. 

 

2.2. Preparation of CS/PVP (S0) 

A blend of CS/PVP was prepared by dissolving about 

0.75 g of CS in 125 ml of 2% aqueous acetic acid and 

0.25 g of PVP in 25 ml of distilled water. The two 

polymeric solutions were mixed by continuous 

stirring till the solution became homogeneous. After 

that, 25 ml of the blend solution which contain about 

0.167 g of CS and PVP was cast on a plastic Petri 

dish and dried in an oven regulated at 50C for 24h. 

 

2.3. Preparation of CS/PVP/AMOX/AgNPs samples 

(S2 and S4) 

Samples were synthesized by adding different mass 

fractions of AMOX and AgNPs to 25 ml of the blend 

solution containing about 0.167 g of CS/PVP blend 

as shown in Table 1, casting on clean plastic Petri 

dishes and drying in an oven at 50 C for 24h. 

 
Table 1: Amount of AMOX and AgNPs in S0, S1, and S2 

composites 

Samples* 

CS/PVP 

Amount (mg) 

AMOX AgNPs 

S0 0 0 
S2 133 0.16 

S4 266  0.32 
*All samples contain about 0.167 g of CS:PVP blend 

 

2.4. Synthesis of silver nanoparticles 

The experimental configuration used to create Ag 

colloids using laser ablation. The silver plate was set 

on the bottom of a glass jar that was filled with 

deionized and redistilled ultrapure water (>99.9% 

purity). A two-millimeter-thick coating of water was 

spread thinly across the silver foil. An ultrasonic bath 

was utilized to clean a silver plate and an ablation cell 

before laser ablation. During the ablation and 

fragmentation processes, the solution was gradually 

swirled. 

An outdoor (aerobic) environment was used for the 

preparation. Silver colloid was created using an 

active Q-Switched Nd:YAG laser system with a pulse 

width of 20 ns and a repetition rate of 5 Hz. An 

optical power detector was used to measure optical 

power, and a control voltage was set for the laser 

lamp discharge. With an aperture to control the size 

of the unfocused laser light's spot, the laser beam's 

core section was selected. The Nd:YAG laser's 

fundamental (1064 nm) and second harmonic (532 

nm) outputs were utilized as an irradiation source. 

 

3. Characterization of prepared compounds 

X-ray diffraction scans (XRD) recorded with a (PAN 

analytical X' Pert PRO XRD system) occupied with 

Cu K radiation (λ= 1.540) with a tube operating 

voltage of approximately 30 kV, Bragg's angle (2θ) 

extended from (5 to 80 °C) at STP, and the diameter 

of the incident beam can reach 100m were used to 

identify the crystalline/amorphous forms of the 

samples. Jasco 750 UV/Vis double beam 

spectrophotometer was used to record the spectral 

data within the range 200-1100nm. The size of the 

synthesized nanoparticles was examined using 

transmission electron microscopy (TEM) Model 

TEM-2100 JEOL, Japan. The DC electrical 

conductivity was recorded using two probe 
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arrangements adopting the KETHLEY 6517B 

electrometer, USA with an accuracy of ±0.5%. The 

antibacterial activity of the synthesized samples and 

AMOX was tested against gram-positive bacteria 

(Staphylococcus aureus), and Gram-negative bacteria 

(Escherichia coli). The % activity index for the 

complex was calculated by the formula: 

% 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥 =

 
𝑍𝑜𝑛𝑒 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑏𝑦 𝑡𝑒𝑠𝑡 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 (𝑑𝑖𝑎𝑚𝑒𝑡𝑟𝑒)

𝑍𝑜𝑛𝑒 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑏𝑦 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 (𝑑𝑖𝑎𝑚𝑒𝑡𝑟𝑒)
 x 100        

 

 

4. Results and Discussion  
4.1. Characterization of synthesized silver  

nanoparticles 
Figure (1) reveals the UV/Vis. Optical absorption 

spectral data of the synthesized silver nanoparticles. 

Obtained data shows the presence of a broad less 

intense peak centered at about 420 nm usually 

assigned to the characteristic surface plasmon 

resonance (SPR) of silver nanoparticles (AgNPs) 

previously reported by several authors [16]. In 

addition, the obtained transmission electron 

microscope image shows the presence of AgNPs with 

an average size ranging between 70-80 nm. 

Figure (2) displays the X-ray diffraction pattern 

(XRD) of the studied silver nanoparticles. Several 

sharp peaks at Bragg angles 38, 44.5, 65.5, and 78° 

correspond to (111), (200), (220), and (311) in 

agreement with that reported for the face-cantered 

cubic (fcc) structure of silver (JCPDS file No. 04-

0783) [17]. 
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Figure (1): UV/Vis. optical absorption spectrum of the 

synthesized AgNPs combined with TEM microscopic 

image 
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Figure (2): X-ray diffraction pattern (XRD) of the green 

synthesized silver nanoparticles. 

 

4.2. UV/Vis of the synthesized samples 

Figure (3a-c) shows the UV/Vis. electronic transition 

of the studied samples along with the direct and 

indirect transitions. Obtained spectra show a strong 

charge transfer band located at 230, 233, and 234 nm 

for S0, S2, and S4 respectively attributed to n* 

transition. In addition, the optical energy gap can be 

calculated using the wavelength edge in the 

intersection of the fundamental absorption edge with 

the x-axis using the formula; Eg = h c/edge and by 

using Tauc’s plot to represent the relation between 

[(αhν)
1

2 and (αhν)2] versus photon energy hν. In both 

direct and indirect transitions, the energy gap Eg at 

the X-axis intercept may be determined [18-20]. 
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Figure (3): UV/Vis. electronic transition of S0-S4 samples 

along with the direct and indirect transitions. 

 

4.3. Electrical conductivity 

The electrical conductivity was calculated for 

samples of nearly the same thickness (0.2 mm) 

coated with the silver electrode of 1 cm2 area. Direct 

current conductivity (DC) is calculated using the 

formula ( = d/RA), where A is the electrode area 

and d is the sample thickness. Calculated data were 

tabulated in Table 2. It was recognized that electrical 

conductivity increased with the addition of both 

AMOX and AgNPs due to the conducting nature of 

both dopant materials. 

 

Table 2: electrical conductivity results of S0, S2, and S4 

Samples Electrical conductivity (S/cm) 

S0 1.92  10-10 

S2 1.11 10-6 

S4 9.6710-6 

 

4.4. Antibacterial study 

     Table 3 shows the antibacterial activity of the 

synthesized samples against gram-positive bacteria 

(Staphylococcus aureus), and Gram-negative bacteria 

(Escherichia coli). Sample S0, which is free from 

drugs and AgNPs, shows no activity against the two 

types of bacteria. The antibacterial effect appears in 

samples S2 and S4, due to the release of AMOX and 

AgNPs from the polymeric matrices and effectively 

inhibited the target bacteria. The antibacterial effect 

of AMOX takes place by inhibiting the formation of 

the cell wall of bacteria, which this cell wall protects 

the bacteria from their outside environment [21]. The 

antibacterial effect of AgNPs was explained by the 

interaction of the silver (Ag+) ions with the thiol (-
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SH) group of amino acids like cysteine that exist in 

the proteins which belong to the respiratory enzyme 

class and this causes the destruction of the respiratory 

system of the bacterial cells and finally leads to the 

death of the bacterial cell [22]. 

 
Table 3: The antibacterial activity of S0-S4 samples 

against two types of bacteria (E. coli and S. aureus) 

samples 

E. coli 

(mg/ml) 

S. aureus 

(mg/ml) 

D 

(mm) 

Act. 

index  

% 

D 

(mm) 

Act. 

index 

% 

S0 NA ---- NA ---- 

S2 3 11.5 9 37.5 

S4 13 50 13 54.2 

AgNPs 9 34.6 16 66.7 

AMOX 26 100 24 100 

Where D is the diameter of the inhibition zone 

 

5. Conclusions 

Flexible thin films of 75 wt% chitosan (CS) and 

25wt% Polyvinylpyrrolidone (PVP) with silver 

nanoparticles (AgNPs) and amoxicillin drug 

(AMOX) with variable mass fraction were 

successfully synthesized. Effect of dopant (AgNPs) 

concentration on the electrical conductivity of the 

samples was studied. It increases by increasing the 

AgNPs concentration, due to the decrease in the 

distance between AgNPs in the polymeric matrices. 

Although the antibacterial activity of CS/PVP thin 

film was enhanced by the addition of AMOX and 

AgNPs, due to their effective antibacterial activity. 

Therefore, studied samples can be utilized in versatile 

medical and electrochemical applications. 
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