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Abstract 
Our research introduces a groundbreaking chemical reduction method for 
synthesizing silver nanoparticles, marking a significant advancement in the 
field. The nanoparticles were meticulously characterized using various tech-
niques, including optical analysis, structural analysis, transmission electron mi-
croscopy (TEM), and field-emission scanning electron microscope (FESEM). 
This thorough process instills confidence in the accuracy of our findings. The 
results unveiled that the silver nanoparticles had a diameter of less than 20 nm, 
a finding of great importance. The absorption spectrum decreased in the peak 
wavelength range (405 - 394 mm) with increasing concentrations of Ag nano-
particles in the range (1 - 5%). The XRD results indicated a cubic crystal struc-
ture for silver nanoparticles with the lattice constant (a = 4.0855 Å), and Miller 
indices were (111), (002), (002), and (113). The simulation on the XRD pattern 
showed a face center cubic phase with space group Fm-3m, providing valuable 
insights into the structure of the nanoparticles. 
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1. Introduction 

Our research explores the rapid application of nanostructures, mainly silver na-
noparticles (AgNPs), in various nanotechnology areas like electronics, catalysis, 
ceramics, magnetic data storage, and structural components [1]. The unique 
features of AgNPs make them highly beneficial in biomedical applications, espe-
cially in cancer diagnosis and therapy. They can revolutionize antimicrobial 
agents, drug-delivery formulations, detection and diagnosis platforms, bioma-
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terial and medical device coatings, tissue restoration and regeneration materials, 
complex healthcare condition strategies, and performance-enhanced therapeutic 
alternatives [2]. The potential of these applications is not just promising but also 
exciting. In our study, we employed the bottom-up technique, also known as the 
up-down technique, which involves accumulating atoms to produce nanopar-
ticles. Though more complex, this method is highly efficient and requires high 
technology. On the other hand, the top-down technique, which is more straight- 
forward, involves the decomposition of bulk material into the nanostructure [3]. 
This distinction provides valuable knowledge about the different methods of 
producing nanoparticle powders and their efficiency, and it is a crucial aspect of 
our research. 

Many techniques are used to prepare a silver nanoparticle powder, including a 
chemical reduction method [1] [4]. Traditionally, a Turkevich procedure ex-
tracts any element, such as nanoparticle powder, from a chemical compound [5]. 
In other words, many chemical and physical processes transfer the bulk material 
into the nanostructure. However, the reduction method is a powerful technique 
used to produce nanoparticles by the top-down procedure [4] [6]. The reason 
for applying this technique is related to its simplicity and reproducibility in 
producing spherical particles in the range (10 - 30 nm) [5]. The second thing is 
that it is non-toxic and stabilized by citrate ions. Finally, it has fast nucleation in 
the synthesis of nanoparticle powders with a narrow size distribution [7]. It was 
possible to prepare monodisperse gold nanocrystals with a size range (20 - 40 
nm) from the chemical solution having (pH = 6.2 - 6.5) [8]. It was applied by 
increasing the reactivity of the precursor. 

There is a new technique for extracting silver nanoparticles (AgNPs) from the 
Diospyrosmaritima Blume plant. They extract AgNO3 during a reaction time 
(0.416, 2, 3, 24, 48, and 96 hrs). The phytochemical screening results showed that 
the leaf extract ofDiospyrosmaritimacontained phenols, flavonoids, saponins, 
and alkaloids, which may act as a reducing agent of Ag and AgO [9]. On the 
other hand, AgNPs are very effective in medical applications, for example, as an-
tibacterial, antifungal, antiviral, anti-inflammatory, anti-angiogenic, and an-
ti-cancer agents, and the mechanism of the anti-cancer activity of AgNPs [10].  

There is a new technique for preparing silver nanoparticles: the injection me-
thod. Through TEM analysis, they conclude a wide range of particle sizes (12 - 20 
nm) and their shapes [11]. Usually, the absorption spectrum of Ag nanoparticles is 
used to determine the particle size. The change in the liquid color of the nanopar-
ticles to transparent orange and then blackish brown is a function of the concen-
tration of nanoparticles. It was found that the absorption peak of silver nanopar-
ticles was at a wavelength of 420 nm related to (50 - 350 nm) [12]. Experimentally, 
Ag nanoparticle preparation was done using the reduction method. The scientific 
specification of Ag nanoparticles is characterized by transmission electron micro-
scope (TEM), field emission scanning electron microscope (FESEM), UV-VIS 
spectrophotometer, and X-ray diffraction. The research aims to compare the na-
noparticle production of silver metal with that of standard metal. 
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2. Experimental Procedure 

The reduction method is a simple chemical process used to prepare silver na-
noparticles. It is a bottom-up procedure because the chemical reduction tends 
to produce Ag-atoms, which accumulate to produce nanoparticles. If the reac-
tion rate is too fast, many metal nuclei will suddenly form through the synthe-
sis process, and then the resultant particles are too small [13]. On the other 
hand, particle agglomerations will occur if the reaction rate is too slow [14]. 
The chemical reaction used silver nitrate (AgNO3), glucose and polyvinylpyr-
rolidone (PVP) (C6H9NO)n, and sodium hydroxide. The silver nanoparticles 
were reduced from the silver nitrate in the PVP aqueous solution. The glucose 
is used as a reducer, and sodium hydroxide is applied to accelerate the reac-
tion. Firstly, the silver nitrate solution was prepared by adding (3.4 g) of Ag-
NO3 into (20 ml) distilled water, making a solution (a). The PVP solution was 
prepared by dissolving PVP, glucose, and sodium hydroxide in (60 ml) of dis-
tilled water, making a solution (b). The last solution is heated to a temperature 
(60°C) by a magnetic stirrer. After the temperature was fixed for (15 min), the 
solution (a) was added to (b) as drops. Then, the mixture is stirred for (10 - 15 
min). The particles were separated by centrifugation, and the products were 
washed with distilled water many times to remove the possibility of NO3 that 
had not been reacted [15]. 

3. Results and Discussion 

After successive preparations of silver nanoparticles, many analyses and mea-
surements are performed to show the presence of Ag-nanoparticles prepared 
using a reduction method. These analyses and measurements were used to spe-
cify Ag nanoparticles experimentally. The absorption spectrum of Ag nanopar-
ticles was determined using a UV-VIS spectrophotometer for all samples at dif-
ferent concentrations. The absorption spectrum analysis is stated to understand 
the excitation of electronic states of atoms. It gives more details in the atomic 
excitation from one level (Sº) to another (Sp), shown in Figure 1, for different 
concentrations of (1 - 5%), respectively. The spectrum depends on the concept 
of surface Plasmon of Ag nanoparticles produced. The surface Plasmon spec-
trum (SPS) of Ag nanospheres was mentioned at (400 nm) wavelength for the 
sample (1%) concentration. At the same time, the surface Plasmon spectrum of 
the Ag nanostructure was denoted at a wavelength of (397 nm) for the concen-
tration (3%). The concentration (5%) noted that the maximum absorption peak 
occurred at (394 nm). That means the maximum absorption peak of surface 
Plasmon absorbance of Ag nanoparticles goes toward a short wavelength as the 
concentration increases. 

Meanwhile, the absorption coefficient decreased as the concentration in-
creased, as mentioned in Figure 1. These results are better than those recorded 
by Singh et al. [16]. They recorded the maximum absorption peaks at values  
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Figure 1. indicates the UV-VIS spectrum for silver nanoparticle solution with different 
concentrations (1% - 5%). 

 
(466, 438, and 427 nm) for the concentration (0.4, 0.3, and 0.2 M), respective-
ly. That means the results of SPS, as mentioned in Figure 1, are better. That is 
a return to a decrease in the size of nanoparticles. This confirms the ability to 
obtain a smaller size of the nanoparticle. Theoretically and experimentally, it 
was found that when size decreases, the SPR peak shifts towards a shorter wa-
velength side [17]. 

Transmission electron microscopy (TEM), for different concentrations, is the 
best technique to distinguish the size and shape of the silver nanostructures 
shown in Figure 2. There is a spherical shape with a particle size in the range (10 
- 17 nm). The average value of nanoparticle size is about (14.662 nm). The silver 
nanoparticles also showed high monodispersed. That is in agreement with the 
previous studies [17] [18]. The most important thing mentioned in Figure 2 is 
the creation of 1D nanostructures like nanowires by assembling nanoparticles in 
a specific 1D shape.  

The results of FESEM are in agreement with TEM results. It showed the ap-
pearance of nanoparticles with their morphology distribution on the surface and 
the homogeneity of grain size in the range (54 - 78 nm) that appeared in Figure 
3, which agrees with previous studies [19] [20]. The results showed the appear-
ance of silver nanoparticles in different sizes. In addition, the accumulation of 
silver nanoparticles is increasing silver nanoparticles rather than the size of the 
nanoparticles, as concluded in TEM results. The agglomeration happened be-
cause of the high conductivity of silver metal under the effect of the electron 
beam of FESEM. 
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(a)                               (b) 

Figure 2. Shows the TEM results for silver nanoparticles. 

 

 
Figure 3. The FESEM results for silver nanoparticles with different positions. 

 
The crystal structure during the XRD pattern, as shown in Figure 4, was ana-

lyzed using CrysalDiff software to find the structural type and the lattice con-
stants obtained through the simulation. The simulation must be compared with 
a database (1100136). The simulated data showed a cubic phase with lattice con-
stants (a = 4.0855 Å), and the volume of the unit cell is (68.1923 Å3). The peak 
modeling mentioned by the Miller planes labeled (111), (002), (022), and (113) 
were different from previous studies [1] [21]. The appearance of limited peaks is 
a sign of a single phase observed, and the sharp diffracted peaks indicate a high 
degree of crystallinity and smaller grain size. The determination of lattice con-
stants and the crystal phase related to the position of the peaks at a diffracted angle 
(2θ) and agreement with the database. The high width of peaks is proof of the na-
noparticle’s appearance. Secondly, the peak intensity (111) is a predominant 
orientation of a polycrystalline phase produced. Meanwhile, there are other 
orientations mentioned by (002), (022), and (113) with lower density incompar-
able with (111). The simulation of the XRD pattern, as mentioned in Figure 4, 
uses Endeavour software to conclude the type of crystal phase. A face-centered 
cubic was found, as mentioned in Figure 5. The theoretical density was about 
(10.506 g/cm3). Then, by applying the following equation to find the practical 

https://doi.org/10.4236/msce.2024.127002


W. A. Al-Dulaimi et al. 
 

 

DOI: 10.4236/msce.2024.127002 19 Journal of Materials Science and Chemical Engineering 
 

density 

3ex
a

zM
N a

ρ =  

Where (z = 4) is the number of atom/ unit cell, (M = 108) is the atomic weight of 
Ag, (Na) is Avogadro number, and (a3 = 68.19 Å3). Then, experiential density 
(10.5 g/cm3) was found was found. The approach between the theoretical and 
practical density is a function of low vacancy, including in the structure, and 
producing a highly dense sample. The last is a function of low porosity. Then, 
apply the following equation to find the probable porosity. 

% 100th ex

ex

d d
P

d
−

= ×  

It was found that the porosity of about (0.06%) emphasizes the presence of 
nanoparticles because the presence of nanostructure is related to a decrease in 
the porosity comparison with the microstructure. On the other hand, the surface 
area was about (36.7 m2/g); the suitable equation for calculation is: 

6

ex

S
d D

=  

Where (D) is the particle size, it is clear that there is an inverse relationship be-
tween the surface area and particle size. This is the second proof of appearing 
nanoparticles. The recording of high surface area is comparable with a previous 
study [22] [23]. 

 

 
Figure 4. XRD pattern of silver nanoparticle. 

 

 
Figure 5. The structural prediction of silver nanoparticle. 
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Figure 6. Explains the application of the Williamson-Hall equation. 

 
The XRD analysis is used to determine the crystallite size, which is a sign of 

the appearance of the nanoparticle. There is a scattering in the points mentioned 
in Figure 6 related to a wide range in crystallite size, whereas the straight line is 
associated with the average crystallite size value. In addition, it is necessary to 
conclude the elastic strain that might be exhibited within the unit cell during the 
lattice constants (a, b, c) by applying the Williamson-Hall equation, as men-
tioned in Figure 6. The plotting (βcosθ) on Y-axis versus (sinθ) on X-axis is 
producing a straight line equation. The components of this equation are the 
strain component (4ε) coming from the slope of a straight line and the intercept 
with the Y-axis related to the crystallite size component (0.9λ/D). The equation 
of a straight line is given by: 

F(x) = 0.0011x + 0.0089 

The first term is related to elastic strain in the crystal structure, which is a 
function of the slope of the line. The second term is related to crystallite size, a 
function of the intercept of a straight line with the Y-axis. The Williamson-Hall 
method is more accurate than the Debye-Scherer method because the William-
son-Hall method produces a simulated equation for measuring crystallite size 
and elasticity, as mentioned above. The results showed that the crystallite size is 
about (15.57 nm) comparable with results obtained by the Scherer formula [24]. 
It is approaching a particle size discussed by TEM results before. The beneficial 
thing related to elastic strain (h) is about (0.0002). It is tiny, a function of the 
minimal variation in a unit cell, and then it relates to the high stability of the cu-
bic phase produced. 

4. Conclusion 

A chemical reduction method is a simple technique to produce Ag nanoparticles 
experimentally. It was a perfect technique for producing metallic elements like 
silver at different concentrations. The nanoparticle size was smaller than (20 
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nm), which is more favorable than that imported from the external company. 
Then, it can be used commercially to mass produce any metallic element. The 
output results are robust in producing nanoparticle powder suitable for applica-
tion in the medical field through the obtainable results. 
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