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Abstract 

Silver nanoparticles were prepared by the chemical reduction method. 

Silver nitrate was taken as a metal precursor and sodium borohydride 

as a reducing agent with polyvinyl alcohol (PVA) stabilizers of 

different concentrations, polyvinylpyrrolidone (PVP). X-ray diffraction 

(XRD), transmission electron microscopy (TEM), and atomic force 

microscopy (AFM) techniques have been used, these measurement 

results showed that the prepared material is silver nanoparticles. The 

average size of silver nanoparticles using the Scherrer equation with 

values ranging from 8.49-12.15nm. TEM images showed that the silver 

nanoparticles are spherical in size between 5-47nm. Nanoscale 

distribution of silver nanoparticles (AgNPs) prepared at different 

concentrations was studied by AFM. Silver nanoparticles showed high 

antimicrobial and antibacterial activity against Gram-positive bacteria 

such as Escherichia Coli and Gram-negative Staphylococcus aureus, 

whose bacterial activity was dependent on the concentration of PVA 

and PVP and the degree of intramolecular accumulation. Low 

concentrations of PVP lead to increase the activity, while high 

concentrations of PVA give better activity.   

 
DOI: 10.53293/jasn.2022.4514.1118, Department of Applied Sciences, University of Technology 

This is an open access article under the CC BY 4.0 License.  
 
1. Introduction 

Silver nanoparticles consist of sizes between (1-100) nanometres and possess physical and chemical properties 

such as optical, electrical, and thermal properties. Silver nanoparticles have been used in several technologies 

which give an advantage of their optical, conductivity, and antibacterial properties [1-3]. As silver has a property 

that makes it toxic to some types of bacteria, viruses, and fungi, as is the case with some heavy metals such as 

lead or mercury, but without high toxicity to humans [4, 5]. These nanoparticles may be used as antimicrobial 

agents in various products in clothes, shoes, paints, wound dressings, devices, and cosmetics. Plastic for its 

antibacterial properties, when AgNPs interact with micro-organisms (bacteria, fungi, and viruses), silver ions are 

released (Ag
+
), and these ions may affect and damage the micro-organism in various ways. They attack the 

negatively charged cell walls of microbes to inactivate cellular enzymes and disrupt membrane permeability, As 
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a result, cell lysis and cell death occur [6, 7, 8]. Figure 1 shows the mechanism of penetration of the silver 

nanoparticles into the cell wall and how the process of disrupting the cell functions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Shows the cell penetration process of silver nanoparticles [9]. 

The antibacterial actions of silver nanoparticles (AgNPs). 1) Disruption of the cell wall and cytoplasmic 

membrane: silver ions (Ag
+
) released by silver nanoparticles adhere to or pass through the cell wall and 

cytoplasmic membrane. 2) Denaturation of ribosomes: silver ions denature ribosomes and inhibit protein 

synthesis. 3) Interruption of adenosine triphosphate (ATP) production: ATP production is terminated because 

silver ions deactivate respiratory enzymes on the cytoplasmic membrane. 4) Membrane disruption by reactive 

oxygen species: reactive oxygen species produced by the broken electron transport chain can cause membrane 

disruption. 5) Interference of deoxyribonucleic acid (DNA) replication: silver and reactive oxygen species bind 

to deoxyribonucleic acid and prevent its replication and cell multiplication. 6) Denaturation of membrane: silver 

nanoparticles accumulate in the pits of the cell wall and cause membrane denaturation. 7) Perforation of 

membrane: silver nanoparticles directly move across the cytoplasmic membrane, which can release organelles 

from the cell. In the case of biomedical applications of AgNPs, uniform dispersion is critical as it enables a 

gradual and steady release of the antibacterial agent in the form of nanoparticles or silver ions. Which depends 

on the type of polymer matrix in the medium. Excellent antibacterial activity of silver content can be achieved 

when poly (vinyl alcohol)-PVA and polyvinylpyrrolidone PVP are used as a hydrophilic mixture. PVA, PVP is 

widely used to manufacture biomaterials such as biocompatible, biodegradable, and water-soluble polymers, 

while meanwhile, inexpensive polymers. Bioactive nanocomposites with PVA also have a lot of interesting 

applications, among others. Others, in the medicine, cosmetics, pharmaceuticals, and packaging industries [10, 

11]. Recently, Abdullah and co-workers demonstrated that nanocomposites containing AgNPs and PVA as 

matrix exhibit high antibacterial activity against a series of multidrug-resistant bacteria strains [12]. The PVP 

concentration and reaction temperature influence the particle size, morphology, and degree of polymerization of 

silver nanoparticles [13]. The antimicrobial activity of the size of the silver nanoparticles depends on the size and 

shape, one of the reasons is that the different shapes provide different areas for interaction with the microbes, 

thus resulting in different antibacterial efficacy [14]. Silver compounds were used to treat during World War II 

to effectively treat infections caused by burns and wounds, then replace the silver nitrate solution. Silver 

ointment «sulfadiazine», which remained until the nineties of the last century and was the first and basic 

medicine approved as an antibiotic and antibacterial in the treatment of burns until other compounds were added 

to «sulfadiazine» enhanced its effectiveness [16]. Silver nanoparticles are prepared in several ways, including 

physical, chemical, and biological methods. The aim of this work was to study the effect of concentrations of 

different fixing factors on the antibacterial activity of silver nanoparticles against bacteria, that were prepared by 

the chemical reduction method of (AgNps). Through the reducing agent sodium borohydride (NaBH4) [17] with 

the fixing agents used to prevent agglomeration of silver particles. Nanoparticles of polyvinyl alcohol (PVA) and 

polyvinylpyrrolidone (PVP). 
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2. Materials and Methods 

2.1.  Materials 
Silver Nitrate (AgNO3 MF: AgNO3 MW: 169.88   Assay: ≥ 99.8% Glentham Life Sciences is the UK).  Sodium 

Borohydride NaBH4 MW: 37.83g / mol, Assay95% (BDH CHEMICAL LTD POOLE England). Polyvinyl 

Alcohol (PVA) ((MESE) product of Germany Molecular Formula: (C4H6O2.C2H4O)x Average Molecular 

Weight: 67,000 Degree of Polymerization: (1,400). Polyvinyl pyrrolidone (PVP) molecular formula (C6H9NO)n 

central Drug House (CDH New Delhi India). Distilled Water. Laboratory bacteria were obtained (Escherichia 

coli isolated from diuretic and Staphylococcus aureus isolated from burns at Imam Ali Hospital)  

 

2.2. Methods   
Commercially purchased silver nitrate (molecular weight 169.88) was used to prepare a concentration of (0.002) 

M of AgNO3 Silver nitrate solution where (0.039) g of Silver nitrate is weighed and placed in a beaker 

containing distilled water after that, the solution is placed on a magnetic stirrer to dissolve the silver nitrate. 

Sodium borohydride (NaBH4 MW:37.83g /mol) was dissolved in a concentration of (0.1g) dissolved in 10ml of 

water. Polyvinyl alcohol (PVA) (C4H6O2.C2H4O)X was prepared by dissolving different weights (1, 3, and 5)g in 

100ml of distilled water placed on a magnetic stirrer that was dissolved entirely at a temperature of 70 °C At 60 

rpm/min. for 15 min. 

    

2.2.1. Silver Nanoparticles 
Take 50ml of silver nitrate solution for each concentration and place it on the magnetic stirrer. When it reaches a 

temperature (98-100) 
o
C, 20 ml of NaBH4 is added to it from each concentration as in Table 1 until the color 

changes to pale yellow indicating the formation of Silver Nanoparticles. It is removed from the device and cools 

down to room temperature.  A 10 ml is taken and placed it on the magnetic stirrer. It is heated to a temperature 

of 74 
o
C. Then 5ml of PVA or PVP is added to it in the form of drops for 30 seconds for each concentration, it 

showed different colors. The process takes 22-25 min. 

 

Table 1: Silver nitrate and sodium borohydride concentrations with stabilizing agents (PVP, PVA). 

stabilizing agents NaBH4(%) AgNO3(M) Sequencing 

1%PVA 1 0.002 1 

3%PVA 1 0.002 2 

5%PVA 1 0.002 3 

1%PVP 1 0.002 4 

3%PVP 1 0.002 5 

5%PVP 1 0.002 6 

 

3.  Characterization of Synthesized Silver Nanoparticles 

3.1. XRD Analysis 

Silver nanoparticles were synthesized by (XRD-6000) SHIMADZU-Japan by centrifugation at 10,000 rpm for 

15 min, and the pellets were re-dispersed as double sterile and centrifuged at 10,000 rpm for 10 min. Purified 

pellets were dried at 50 °C in an oven and analyzed by an X-ray diffraction (XRD) unit (Pan Analytical, X-Pert 

pro, The Netherlands). X-ray diffraction (XRD) measurement of the synthesized silver nanoparticles was 

performed by chemical reduction using sodium borohydride as a reducing agent. Using a Cu-Kα radiation source 

in the scattering range m (2θ) of 20-80 on the device operating at a voltage of 40 kV and a current of 30 mA. The 

presence, crystalline nature, phase diversity, and grain size of the synthesized silver nanoparticles were 

determined by X-ray diffraction spectroscopy The particle size of the prepared samples was determined using 

the Scherrer equation as follows [9, 18]: 

 

                                                                                     (1) 

 

Where D is average crystallite size and β  is line broadening in radians (full width at half maximum of the peak 

in radians).   is the wavelength of X-ray (1.546A°), and θ  is Braggs angle (diffraction angle). K is constant 

(geometric factor = 0.94). 
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3.2. TEM Tests 

A transmission electron microscope (Carl Zeiss - Germany - EM10C-100Kv) was used, where the samples were 

prepared in liquid form to conduct a TEM examination to know the size and shape of silver nanoparticles more 

accurately than (SEM) and it also gives more accurate information regarding size and shape.  

 

3.3. Atomic Force Microscopy Tests 

It was used by atomic force microscopy (TT-2 AFM - WORKSHOP USA) to determine the grain size 

distribution, shape, absorption and structure of silver nanoparticles (AgNPs) samples prepared for AFM assay. 

 

3.4. Antibacterial Test 

The antibacterial activity of silver nanoparticles prepared by chemical reduction was analyzed against Gram-

positive bacteria (Staphylococcus aureus) and Gram-negative bacteria (Escherichia coli). Bacteria were spread 

into dishes containing Mueller-Hinton agar medium and incubated at 37 °C for 24 h. to grow bacteria. Then, a 6 

mm in diameter drill was carried out in the center with the help of a gel hole. 10μl of silver nanoparticles were 

taken, and the plates were incubated in an incubator at 37°C for 24 hours. Antibacterial activity is measured 

based on the area of inhibition around the pit. 

 

4. Results and Discussion 

4.1. Synthesis of Silver Nanoparticles   
The synthesis of silver nanoparticles was observed when sodium borohydride solution was added to AgNO3 

solution at a temperature (98 ℃) to change color to light yellow or dark brown depending on the concentration of 

sodium borohydride and molarity of silver nitrate. Figure 2 shows the prepared silver particle solution. This 

color change is evidence of the formation of silver particles as a result of the surface plasmon resonance 

phenomenon. The plasmon surface resonance property occurs in some metals such as silver due to the particle 

diameter reaching the nanometer scale [19] and due to the excitation of free electrons in nanoparticles [20]. Then 

add the stabilizing agents, polyvinyl alcohol or polyvinylpyrrolidone, without noticing the color change from 

light yellow to greenish-yellow, green, brown or red. Figure 3, showed the shape of the solution of silver 

particles after adding stabilizing agents according to concentration. Because of the increase in hydrogen bonds 

within the mixture, which in turn leads to an increase in the bonding between polymer molecules and their 

linking to oxygen sites and the formation of strong bonds within the mixture. 

 

 

 

 

 

 

Figure 2: Silver nanoparticles before adding stabilizing agent. 

 

 

 

 

 

 

1,2,3 With PVA              4,5,6 With PVP 

Figure 3: Silver particles after adding the fixing agents. 

AgNO3 (0.002) M+NaBH4(1%) 
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4.2. XRD Analysis 

X-ray diffraction (XRD) results showed that the prepared material is silver nanoparticles at the diffraction peaks 

(32.1°, 38.4°), respectively. The XRD spectrum also confirmed that the average size of silver nanoparticles was 

obtained using the Scherrer equation with values ranging between (12.15, 8.49,) and that their crystalline nature 

can be customized from Miller's coefficients (122), (111) [21, 22] as in Figure 4 the diagram of the Bragg peaks 

for silver nanoparticles is shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: XRD diagram of silver nanoparticles. 

 

4.3. Surface Morphology Analysis    

The surface morphology, size and shape of silver nanoparticles were analyzed by transmission electron 

microscopy. Figure 5 shows TEM images of chemically reduced silver nanoparticles. TEM images showed that 

silver nanoparticles are spherical in shape and with a very small size ranging from (5-15) nm when adding PVA 

in a high concentration as in Picture A, while adding PVP with medium or low concentration gives a spherical 

shape and relatively large sizes ranging from (20-47) nm in comparison with the addition of PVA as in the 

picture B. 

 

 

 

 

 

 

 

 

 

 

                 A) AgNO3 0.002 M +NaBH41%+PVA5%         B) AgNO30.002 M+NaBH41%+PVP3% 

                             Figure 5: TEM images of chemically reduced silver nanoparticles. 

 

4.4. Surface Topography Structure Analysis 

To determine the surface roughness of prepared silver nanoparticles (AgNPs) we use AFM assay. Figure 6 

shows 3D AFM and histogram images of AgNPs prepared by chemical reduction with different conditions, 

which is affected by the concentration of silver nitrate, reducing agent, and used stabilizer agent. When adding a 

high concentration of 5% PVA a presence of different sizes of silver nanoparticles ranging between (20-95) nm 

as shown in Figure 6-A. However, adding 3% PVP with medium concentration gives sizes ranging from (30-57) 

111 

122  I (a.u) 

2θ dag 
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nm as in Figure 6-B. These results prove that the fixing factor affects the size of silver nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

A)  AgNO3 0.002 M+NaBH4 1%+PVA5% 

 

 

 

 

 

 

 

 

B)  AgNO3 0.002 M+NaBH4 1%+PVP3% 

Figure 6: 3D AFM & histogram images of AgNps at different conditions A) AgNO3 0.002 M+NaBH4 1%+PVA 

5%, left   image 3D AFM Right histogram image B) AgNO3 0.002 M+NaBH4 1%+PVP 3%, left   image 3D 

AFM Right histogram image. 

4.5.  Antibacterial Activity 

Silver nanoparticles have wide applications in many fields, including medicine, health and technology. Silver 

nanoparticles have been used as an antibacterial agent due to their high antimicrobial activity, small size, 

spherical shape or highly effective membrane shape, and membrane due to surface to large volume ratio 

inhibition of bacterial growth in aqueous and solid media [23]. This study examined synthetic silver 

nanoparticles using the reducing agent and stabilizing agents NaBH4 (PVA, PVP) as antibacterial. Silver 

nanoparticles were tested for antibacterial activity against Gram-positive (Staphylococcus aureus) and Gram-

negative (Escherichia coli) bacteria. Figure 7 shows the results of Antibacterial activities of silver nanoparticles 

evaluated according to the inhibition diameter. Table 2 shows the comparison between the inhibition zone 

diameters for (Escherichia coli) - (Staphylococcus aureus) and Table 3 shows the effect of each concentration 

and its activity against bacteria. The maximum inhibition zone 17 mm against the presence of PVP (Escherichia 

coli - Staphylococcus aureus) respectively, and the lowest inhibition area in (Escherichia coli) was 14 mm with a 

low PVA concentration. Gram-negative bacteria are more susceptible to silver nanoparticles. The cell wall of 

Gram-negative bacteria is narrower than that of Gram-positive strains. A thicker cell wall may reduce the 

penetration of nanoparticles into cells [24]. Alterations in the bacterial membrane could lead to the first bacterial 

contact with AgNP, triggering an antibacterial mechanism by facilitating the entry of AgNPs into bacterial cells. 

This is followed by an explosive release of silver ions into the bacterial cells, causing a bactericidal effect.  
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Figure 7: Activity of silver nanoparticles against bacteria. 

 

Table 2: Comparison of inhibition diameters of silver nanoparticles on bacteria (S.aureus, E.coli). 

E.coli (mm) S.aureus (mm) Sample 

14 15 1 

14 15.5 2 

15 16 3 

15 17 4 

17 16 5 
NO NO 6 

 

Table 3: Show the effect of each concentration and its activity against bacteria. 

Activity E-coli Activity S-aureus stabilizers NaBH4(%) AgNO3(M) Sequencing 

high high 1% PVA 1 0.002 1 

high high 3% PVA 1 0.002 2 

high very high 5% PVA 1 0.002 3 

high very high 1% PVP 1 0.002 4 

      very high very high 3% PVP 1 0.002 5 

       Low        Low 5% PVP 1 0.002 6 

 

5. Conclusions  

Silver nanoparticles AgNPs were synthesized using sodium borohydride (NaBH4) as a reducing agent, polyvinyl 

alcohol (PVA), and polyvinylpropylene (PVP) stabilizing agents at different concentrations, and the inhibition 

capacity of each concentration was studied on bacteria and fungi. It was also found that silver nanoparticles were 

obtained from AgNPs. Which range in size from (5-15) nm with a spherical shape in the presence of PVA and a 

size ranging from (20-47) nm in the presence of PVP through TEM examination. By examining the structure of 

the surface by AFM, it is proven for a sample with the presence of PVA in a high concentration gives small and 

large sizes ranging from (20-95) nm, while it has the addition of PVP ranging in size from (30-57) nm, although 

PVP gives medium-sized samples that give the best result against bacteria despite the presence of samples PVA, 

which contains different sizes that fit the cell pores, now PVP gave the highest activity against laboratory 

bacteria. The antibacterial activity was measured by the diameter of the inhibition and as a result, the study 

proved that the silver particles are able to kill laboratory bacteria including highly resistant bacteria such as 

Staphylococcus aureus and Escherichia coli). A high birth rate of (0.002) M gave a high inhibition capacity 

against Staphylococcus aureus and Escherichia coli. 
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