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Abstract: Polyvinyl alcohol (PVA)/Silver (Ag) nanocomposites exhibit re-

markable properties, including enhanced thermal, optical, electrical, and an-
tibacterial characteristics. These properties are modulated by the prepara-
tion and addition of silver nanoparticles into polyvinyl alcohol films. The Ag-
NPs were synthesized by a microwave-assisted method and, showed size-
dependent properties, where the increase in microwave power resulted in 
increased nanoparticle sizes, reducing the energy bandgap from 2.93 eV to 
2.55 eV. The electrical conductivity of the PVA film improved significantly 
from 0.065 S/m to 0.57 S/m, while its crystallinity increased from 14.047% 
to 18.331% with higher Ag-NP content. Additionally, UV-Vis absorption of 
the nanocomposite film increased with Ag-NP incorporation, reflecting uni-
form particle distribution. The antibacterial efficacy of these nanocomposites 
is particularly noteworthy. Smaller Ag-NPs, produced under lower micro-
wave power, exhibited enhanced penetration through bacterial membranes, 
leading to improved antibacterial activity. This was evident in an 84% reduc-
tion of E. coli colony-forming units, from 36 to 6. The antibacterial activity 
against E. Coli bacteria makes the film highly suitable for various industrial applications. With their unique combination 
of electrical, thermal, and antibacterial properties, Ag/PVA nanocomposites hold significant promise for use in 
healthcare, packaging, and electronics. 
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Introduction 

    Silver nanoparticles (Ag-NPs), with their strong antibacterial 
qualities, have become a possible answer to the increasing prob-
lem of antibiotic resistance brought on by the common misuse 
of antibiotics (1). Ag-NPs are efficient against bacterial infections 
in a variety of medical applications, including stopping bacterial 
colonization on catheters, dental materials, and prosthesis (2). 
Recent developments in Ag-NP synthesis demonstrate this. The 
huge surface area and small size of Ag-NPs provide greater in-
teraction with bacterial cells, releasing silver ions that cause bac-
terial cell death and disrupt essential biological functions (3). No-
tably, polyvinyl alcohol-based Ag-PVA nanoparticles stand out 
for their biocompatibility, stability, and effectiveness, making 
them suitable for wound dressings and medical treatments. Ag-
PVA nanocomposites present an effective method to address 
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the growing threat of bacterial resistance against traditional anti-
biotics by interacting with essential enzymes, breaking down 
bacterial membranes, and preventing the formation of biofilm (4). 

Previous studies have extensively explored various methods for 
synthesizing PVA/Ag nanocomposites. For example, Chandran 
et al. employed a chemical reduction method to synthesize Ag 
nanoparticles within a PVA matrix, highlighting the enhanced an-
timicrobial properties of the composite (5). Similarly, Tavuk-
cuogluet al. utilized a green synthesis approach by reducing Ag 
ions using plant extracts and successfully embedding the nano-
particles into a PVA matrix to develop biocompatible materials 
for medical applications (6). Furthermore, Iswarya et al. demon-
strated the use of UV irradiation to reduce silver ions in a PVA 
solution, reporting a uniform dispersion of nanoparticles and sig-
nificant improvements in the composite's mechanical and elec-
trical properties (7) 
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    The synthesis of novel organic and inorganic nanocompo-
sites, such as metal-polymer nanoparticles (5), is of great inter-
est to material scientists. For example, silver (6), gold(Au), and 
iron(Fe) (7),  nanoparticles are blended with a wide range of pol-
ymers to form nanocomposites with superior mechanical and 
physical properties (6). The combination of polyvinyl alcohol 
(PVA) with silver nanoparticles (Ag NPs) has attracted much in-
terest (7). The resulting Ag/PVA nanocomposites show promise 
for various applications due to their unique properties (8) which 
include improved thermal stability, optical properties, electrical 
conductivity, and antimicrobial properties (9). PVA matrices in-
corporate silver, which has superior antibacterial characteristics, 
to optimize their synergistic effects. For the dispersion and im-
mobilization of Ag NPs, PVA offers a flexible and reliable plat-
form that provides enhanced mechanical, thermal, and biological 
properties (10). The resulting nanocomposites have enormous 
applications in industries including electronics, packaging, and 
medicine (11). 

    Silver nanoparticles (Ag NPs) have emerged as a subject of 
paramount interest within the realm of nanotechnology 
(12)owing to their unique properties and notable versatility 
across various applications. These nanoparticles are composed 
of silver atoms arranged on a nanoscale, typically between 1 and 
100 nanometers .(13) The diminutive size and consequential high 
surface area-to-volume ratio of Ag NPs contribute to their ex-
traordinary physicochemical characteristics ,(14)  including 
heightened catalytic, optical, and antimicrobial attributes(15). 

    Ag NPs can be synthesized through diverse methods(16), en-
compassing chemical reduction, physical techniques, and bio-
logical approaches(17). The applications of these nanoparticles 
span a wide array of fields, encompassing medicine, electronics, 
catalysis, and environmental remediation(18). Particularly note-
worthy is their application in the medical domain, where their an-
timicrobial properties render them invaluable for various applica-
tions  in wound healing, drug encapsulation, and biosensors 
(19). 

     This study focuses on the rapid synthesis of silver nanoparti-
cles (Ag-NPs) utilizing a microwave-assisted approach, high-
lighting the unique role of microwave power in influencing their 
electrical and optical properties. Furthermore, the research aims 
to enhance the electrical, thermal, and antibacterial characteris-
tics of polyvinyl alcohol (PVA) films. The novelty lies in leverag-
ing microwave technology as an efficient and environmentally 
friendly method for synthesizing Ag-NPs, offering precise control 
over nanoparticle size and distribution while significantly reduc-
ing processing time compared to conventional techniques. This 
innovative approach also enables the development of multifunc-
tional PVA films with improved performance for advanced appli-
cations. 

 

Experimental Work 

Materials: Silver Nitrate AgNO3 (precursor), Ethylene glycol 

(reducing agent), Polyvinylpyrrolidone (PVP, MW = 40 kDa) as 

stabilizing agent, Polyvinyl alcohol (PVA, MW =30-70 kDa) (pol-

ymer), distilled water (solvent). All chemicals have been supplied 

by Sigma Aldrich and used without further purification. 

Sample Preparation 

 Preparation of silver nanoparticles (Ag-NPs): 0.34 g of 

Polyvinylpyrrolidone (PVP) was dissolved in 40 ml Ethylene gly-

col at room temperature under continued stirring using a mag-

netic stirrer. When a homogeneous mixture was obtained, 0.17 

g of AgNO3 was added. The mixture consisting of AgNO3 and 

PVP was heated by a domestic microwave at different powers 

medium-low (ML) (300- 400 W), medium (M) (400-500 W), me-

dium-high (MH) (500-800 W), and high (H) (800- 1000 W) for 90 

seconds. 

Preparation of Polyvinyl alcohol (PVA) film and Ag nano-

composites: 1.0 g of PVA was dissolved in 50 ml of distilled 

water at 90°C under continued stirring using a magnetic stirrer. 

After the dissolving of PVA the Ag-NPs solution with a concen-

tration of 2.23 mg/ml was added in different volumes (0.25 ml, 

0.5 ml, 0.75 ml, 1.0 ml) to the PVA solution, as a result of this 

addition we get a different weight percent of Ag-NPs inside the 

PVA film. The homogeneous mixture was poured onto a clean, 

dry, leveled surface to obtain thin film nanocomposites. The film 

was left to dry naturally. 

 

Sample Testing: UV–Vis absorption spectra for the Ag-NPs 

solution and PVA/Ag nanocomposite films were recorded using 

a Beckman Coulter DU 800 Spectrophotometer in the region of 

300-600 nm. Gwydion software was used for the analysis of 

Atomic Force Microscopy (AFM) images. For AFM, a drop of a 

solution of Ag NPs was added onto mica substrates and was 

analyzed by coreAFM from Nanosurf company, Switzerland (20). 

The electrical conductivity of the prepared Ag NPs solution and 

PVA/Ag nanocomposite films was measured by a vector network 

analyzer (VNA). Thermal properties of the prepared samples 

were determined by using the Differential Scanning Calorimetry 

(DSC) model Pyrix-6, PerkinElmer Corporation, U.K. Each film 

sample (with Ag-NPs of 0, 0.11, and 0.22wt%) was heated from 

room temperature to 400°C at a rate of 10°C/min. The melting 

temperature and the heat of fusion were derived from the maxi-

mum peak and the area under the peak, respectively, which was 

essential for estimating the percentage of crystalline regions. 

The DSC test was performed following ASTM D3418-15 (21). 

Antimicrobial Activity 

Bacterial Strains: The study examined the antibacterial ac-

tivity of Ag-NPs that were synthesized under ideal conditions ad-

herence to CLSI/EUCAST guidelines, and proper biosafety prac-

tices (22). The strains of bacteria that were tested included: 

“Escherichia coli (ATCC 25922), Staphylococcus aureus (ATCC 

25923), methicillin-resistant Staphylococcus aureus (MRSA) 

(DPC 5645), Klebsiella pneumoniae (ATCC 13883), Proteus vul-

garis (ATCC 13315), and Pseudomonas aeruginosa (ATCC 

27853)”. 

 Preparation of the Bacterial Suspension: Three to four 

colonies were transferred under sterile conditions according to 

the CLSI standard to saline solution from a newly cultured plate 

containing bacteria in the log growth phase. The 0.5 McFarland 

reference solution was prepared by mixing 0.5 mL of 1.175% 

(w/v) BaCl2H2O with 99.5 mL of 1% (v/v) H2SO4 and was used to 

correct the turbidity of the bacterial suspensions. When the tur-

bidity reached 0.08−0.1, which corresponded to a bacterial con-

centration of 1.5 x 10⁸ CFU/mL, the absorbance of the suspen-

sions was read at λ = 630 nm using pure water as the reference 

blank. The McFarland solution was tightly wrapped in aluminum 

foil and sealed to prevent evaporation and to protect it from light 

(23).  

Broth Microdilution Method:  

The broth microdilution method was done in line with the 

CLSI protocol to determine the minimal inhibitory concentration 

(MIC) of synthesized Ag-NPs at different powers, L, LM, M, MH, 

and H. In each well of a 96-well plate, 100 μL of LB broth was 

added, then 100 μL of Ag-NPs synthesized at LM power (2.23 

mg/mL) were added to the first well and serial dilutions by trans-

ferring 100 μL to the next wells, except wells 11 and 12. Then, 1 

μL of bacterial suspension was added to each well except well 

12 as the negative control. For all other sets of Ag-NPs synthe-

sized at, the aforementioned steps were repeated. Then, the 

plates were incubated at 37°C overnight. MICs were determined 
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by observing the lowest concentration of each sample which pre-

vents observable bacterial growth. (23). 

 Bacterial Growth Reduction (CFU): Three flasks were 

prepared and added with 90 mL of sterilized water in each. Then, 

10 mL of E. coli solution was added to each flask. Ag/PVA film 

was introduced to one of the flasks, while pure PVA film was 

added into another. The third flask acted as a blank control. Fur-

ther dilution of each material to 1x10⁵ of the original concentra-

tion followed after one hour's stir of all three flasks using an or-

bital shaker. From each of these dilutions, 1 mL was seeded into 

a Petri dish to which Luria-Bertani agar was added. All the plates 

then were incubated at 37 °C for 12 h. The surviving numbers of 

E. coli were enumerated by counting bacterial colonies (24). 

Results and Discussion 

Synthesis of Ag-NPs  

    Ag-NPs were prepared using AgNO3 as a precursor and eth-

ylene glycol as a reducing agent while polyvinyl pyrrolidone as a 

stabilizing agent. Silver nitrate will be used to provide the re-

quired ions of silver that will be reduced to Ag0. Ethylene glycol 

plays an important role in the reduction of silver ions into silver 

nanoparticles was achieved utilizing ethylene glycol. The high 

viscosity of PVP plays an important role in stabilizing the colloid 

viscosity and also controls the reduction rate, which impacts the 

size and shape of nanoparticles, preventing nanoparticle aggre-

gation. Under microwave irradiation, the reducing agent initiates 

the reduction of silver ions to form nucleation sites, these nucle-

ation sites then act as seeds for the growth of silver nanoparti-

cles (25). The microwave power accelerates the reaction kinetics 

by rapidly heating the reaction mixture(26). This accelerated the 

time needed within the 90s and gave a product yield of 22.11%. 

Optical properties 

    The optical characteristics of the prepared Ag-NPs and 

PVA/Ag nanocomposite films were determined by UV-Vis. 

Fig.1(a) illustrates the UV-Vis absorption spectra for the pre-

pared Ag-NPs at various powers. The surface plasmon reso-

nance band at 450 nm was observed for all powers except for 

400 nm for M-L power. With an increase in power, the plasmon 

peak shifts to a longer wavelength and becomes wider, indicat-

ing that power affects the size, as the size increases, this shift 

occurs and the peak becomes wider (25). Furthermore, the en-

ergy band gap was determined by applying the Tauc equation 

and drawing the Tauc plot (27), the Tauc equations:  

(𝛼ℎ𝑢)n = 𝐵(ℎν − 𝐸)        (1)  

(𝛼ℎ𝑢)1/n = 𝐵(ℎν − 𝐸)      (2) 

 where α is the absorbance coefficient, n is a factor that depends 

on the electron transition property, B is a constant, h is the Plank 

constant, υ is the photon frequency, and E is the band gap en-

ergy. for a direct band gap (𝑛 = ½) and an indirect band gap (𝑛 = 

2) as shown in Fig.2 Considering the direct band gap, Plotting 

the values of (αhν)² against hv and extrapolating along the linear 

region along the X-axis on the energy bandgap in electron volts, 

an estimate of the energy gap. as shown in Fig.1 Considering 

the indirect band gap as in Fig. 1, we noticed that increasing the 

power led to a decrease in the band gap from 2.93 eV to 2.55eV. 

This decrease in the band gap could be due to increased size 

with increasing power. 

 

Figure 1:(a) UV-vis absorption spectra of synthesized Ag-NPs 

at different power, (b) Tauc plot of Ag-NPs at different power. 

   Furthermore, the UV-Vis absorption was examined for the pre-

pared PVA/Ag nanocomposite films as shown in Fig.2(a). By in-

creasing the amount of Ag-NPs in the PVA film, there is a clear 

increase in its absorption. Also, we noticed the presence of plas-

monic peaks, and this is evidence of the presence of Ag-NPs 

particles in the film, as it increases, the intensity increases and 

the absorption becomes higher. On the other hand, there is a 

slight effect of the concentration on the band gap as explained in 

Fig.2, because the Ag-NPs solution is synthesized at the same 

power, so the size stays the same. The slight change in the band 

gap is the result of the distribution of Ag-NPs within the film.

 

Figure 2:(a) UV-vis absorption spectra of prepared PVA / Ag 

nanocomposite Tauc plot of PVA / Ag nanocomposite at me-

dium-high power. 

Electrical properties 

   The electrical conductivity of Ag NPs solutions synthesized us-

ing different powers is given in Fig.3(a), as the power increases 

the electrical conductivity increases, this was due to the rise in 

the size with power and the decrease in band gap(28). Moreover, 

the electrical conductivity of PVA film increases with the amount 

of Ag-NPs added to the film. In Fig. 3, we noticed an increase in 

the conductivity of PVA film with 0.0 ml of Ag-NPs (pure PVA) 

from 0.065 s/m to 0.570 s/m for PVA film with 1 ml of Ag-NPs 

solution.

 

Figure 3: (a) the electrical conductivity of synthesized Ag-NPs, 

and (b) the electrical conductivity of synthesized PVA / Ag nano-

composite with different volume Ag-NPs. 

Atomic Force Microscopy (AFM) 

    AFM was used to study the morphology and size of formed 

Ag-NPs. It’s clear from Fig.4 that the formed Ag-NPs are rod-like 

nanomaterial affected by the power. The Ag-NPs exhibit a rod-

like nanomaterial structure, and their size varies depending on 

the power applied. In the case of medium power, we observed 

rods with diameters ranging from approximately 5 nm to 20 nm. 
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Furthermore, the obtained Ag nanorods exhibit sizes ranging 

from 20 nm to 80 nm for high- medium power. 

 
Figure 4:(a) The morphology and size for Ag-NPs at medium 

power, (b) The morphology and size for Ag-NPs at medium-high 

power. 

Differential Scanning Calorimetry (DSC) 

Based on the Differential Scanning Calorimetry (DSC) anal-

ysis, the effects of adding 0.0 wt%, 0.11wt%, and 0.22wt% of Ag-

NPs (silver nanoparticles) to PVA on its heat flow as a function 

of temperature were investigated. DSC curves (Fig.5) show dis-

tinct peaks, indicating different thermal transitions occurring 

within the samples. 

 

Figure 5: DSC results for Ag/PVA nanocomposite film contain-

ing different wt% of Ag-NPs. 

   The results demonstrate that as the content of Ag-NPs in-

creases, there is a noticeable shift in the thermal behavior of 

PVA. Specifically, the introduction of Ag-NPs causes a slight de-

crease in the melting point of PVA, depending on the Ag-NPs. 

The results are summarized in Table 1. 

Table 1: DSC results for Melting Enthalpy (∆Hm), Melting Peak 

Temperature (Tm), and Glass Transition Temperatures (Tg) of 

PVA and PVA/Ag Nanocomposites, %Degree of crystallinity. 

 Crystallinity also changed with the addition of Ag-NPs. The per-

centage of crystalline regions can be calculated using the for-

mula(29): 

𝑋𝑐 =
∆𝐻𝑓

∆𝐻°𝑓 × X
× 100% 

    Where Xc is the percent of crystalline regions, Hf is the heat 

of fusion of the sample; ∆𝑯°𝒇 is the heat of fusion for 100% crys-

talline PVA which is found to be 138J/g, and X is the weight per-

cent of polymer (PVA) in the produced composite. The results 

show the sample containing 0.22 wt% Ag-NPs exhibits the high-

est percentage of crystallinity compared to other tested samples. 

The slight increase in crystallinity is attributed to the nucleating 

effect of Ag-NPs, which promotes the formation of more ordered 

crystalline regions within the PVA matrix (30).  

    Additionally, the increased mobility of polymer chains near the 

Ag-NPs may contribute to a significant decrease in the glass 

transition temperature for the nanocomposite containing 0.22 

wt% of Ag-NPs which act as plasticizers (31).  

Antibacterial Activity 

    The minimum inhibitory concentration (MIC) of Ag-NPs syn-

thesized at different powers (L, ML, M, MH, H) was determined 

using the broth microdilution method against different bacterial 

strains and reported quantitatively in Table 2. 

Table 2: MIC values (μg/mL) of different powers for the Microbial 

and Fungal Growth Inhibition. 

    Furthermore a decrease in MIC with lower power could be re-

lated to smaller Ag-NPS with an ability to penetrate the cell mem-

brane easily compared to large ones which improve their anti-

bacterial activity (32).  

     Moreover, the Ag/PVA nanocomposite film containing 0.22% 

Ag particles caused a colony forming units’ reduction from 36 to 

6 with a reduction percent of 84% for the E. coli bacteria. 

Conclusion 

    In this work, Ag-NPs solution was prepared from AgNO3 using 

PVP as a stabilizing agent, and Ethelyn glycol as a reducing 

agent at different power levels using the microwave chemical re-

duction method. As the power increased, the particle size in-

creased, and the band gap decreased. Different Ag-NPs pre-

pared at medium-low power were combined with PVA polymer 

to give Ag/PVA nanocomposite film. The absorption of Ag/PVA 

nanocomposite film increases with increasing Ag-NP concentra-

tion and has a slight effect on the band gap, the slight difference 

in the band gap resulting from the distribution of the particles 

within the PVA film, the degree of crystallinity of PVA film in-

creases with increasing the wt% of Ag-NPs added to the film, 

The decrease in power lead to a decrease in the Ag-NPs’ size, 

inducing an increase in their ability to penetrate the cell mem-

brane, improving antibacterial activity for Ag-NPs. Ag/PVA nano-

composite film caused high colony-forming unit reduction, for the 

E. coli bacteria. 

Wt%  Ag Tg Tm ∆Hm/J g-1 Xc % 

0.0 Pure PVA 83.87 218.62 -19.38 14.05 

0.11 Ag-NPs  80.10 218.28 -19.71 14.20 

0.22 Ag-NPs 78.89 216.48 -21.47 18.33 

     

ATCC 

Number 

microbe 

Strain 
Gram type 

 

L 

 

ML 

Power  

M 

 

MH 

 

H 

DPC 5645 MRSA  + ve 20  17  18  183  330  

ATCC 

25923 
S. aureus + ve 20  17  18  183  330  

ATCC 

25922 
E. coli -  ve 10  8.6  18  91  330  

ATCC 

13883 

Klebsiella 

pneu-

moniae 

-  ve 5  4.3  4.6  45  330  

ATCC 

8427 

Proteus 

vulgaris 
-  ve 20  8.6  18  45  160  

ATCC 

9027 

Pseudo-

monas 

aeru-

ginosa 

-  ve 5  4.3  4.6   45  330  
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