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ABSTRACT 
The Successive Ionic Layer Adsorption and Reduction (SILAR) method was utilized to produce nanostructured silver thin films 
on a glass substrate. Ag nanoparticles were grown using SILAR parameters such as silver nitrate (AgNO3), reduction time, 
reduction agent in an aqueous solution of hydrazine hydrate with various concentrations, and growth cycles. In this study, X-ray 
diffraction (XRD), scanning electron microscopy (SEM), and UV-visible-NIR absorption spectroscopy techniques were used to 
assess the produced silver thin film nanostructure. The size and spreading of the formed silver nanoparticles are observed to grow 
with the reducing agent and eventually saturate for constant growth cycles. As a result, the size and the distribution of the produced 
Ag nanoparticles grow uniformly. Higher growth cycles, however, caused Ag nanoparticles to lose their homogeneity and change 
into gravel-shaped particles. Therefore, silver nanoparticles that have been produced with the ideal SILAR conditions can be 
employed as an extremely sensitive, repeatable substrate with an exceptionally efficient factor. Moreover, the Effect of the 
concentration of HyH on the properties of SILAR-grown silver thin films has been extensively studied. 
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1. INTRODUCTION  

Nanoparticles have inspired a great deal of interest in both 
science and commerce because they exhibit incredibly 
intriguing and practical qualities that bulk materials cannot, 
which may be used for a wide range of purposes [1]. Those with 
physical characteristics in a micrometer range mostly resemble 
materials in bulk; however, those with physical characteristics 
in the nanometer range are various in the bulk form [2]. At the 
range of nano, the proportion of surface atoms or ions increases 
noticeably to the total atoms or ions and the characteristics of 
such materials are strongly influenced by surface energy. Due 
to the change in the characteristics, the ratio rises in the surface 
to the volume. Contrary to significant energy levels in bulk 
materials, the electrical structure of materials is also altered at 
the range of nano, leading to the emergence of discrete energy 
levels [3]. Nanoparticles (NPs) display numerous fundamental 
properties such as optical, electrical, magnetic, and thermal 
conductivity, etc. These intriguing characteristics of 
nanomaterials are highly influenced by their shape, the size of 
nanoparticles, interactions with stabilizers, and the 
environment, as well as how they were made [4]. Many recent 
types of research on the synthesis of nanoparticles (NPs) and 
studying their properties and size have shown that some of the 
properties of nanoparticles such as magnetic, catalytic, 
electronic, and optical depend on their shape, size, chemical 
environments, as well as the morphology of NPs [5]. Due to 
their potential uses in optical, medical, and electrical devices, 
metal nanoparticles (MNPs) (such as Ag, Au, or Cu NPs) have 
gained a lot of attention in a variety of fields. A significant 
number of publications have been published on the creation of 
metal nanoparticles of varied morphologies, and controlling 
their size and shape is a difficult task [6]. Among the mentioned 
metal NPs silver (Ag) nanoparticles have drawn the most 

 
* Corresponding author 
This is an open access under a CC BY-NC-SA 4.0 license (https://creativecommons.org/licenses/by-nc-sa/4.0/) 

attention because of their numerous applications in multi-
disciplines including industrial, and their fascinating physical 
and chemical characteristics [7]. Silver nanostructures are 
typically grown from the solution of silver ions. The Ag+ is 

produced from salt, for instance, silver nitrate (AgNO3). At 
first, the ions are converted to atoms in this case a reducing 
agent will be utilized. The acquired atoms then start to form 
tiny clusters, which develop later into particles. The size and 
shape of the nanoparticles may be modified based on the 
number of atoms, which in turn depends on the silver salt to 
reduce the agent concentration ratio. In this process, a reducing 
agent and a silver salt are required for the nanoparticle to be 
grown [8]. Many techniques have already been studied for the 
preparation of silver nanoparticles such as metal vapor 
deposition, photochemical, sputtering, sol-gel, chemical 
reduction, ion implantation, microwave-assisted synthesis, 
laser ablation, and thermal decomposition [9]. Each technique 
has advantages and disadvantages, but they all have issues with 
cost, stability, uniform particle size, and size dispersion [10]. 
The chemical methods have been the most widely employed 
for the manufacture of Ag-NPs. The most accessible and all-
encompassing method for creating metal nanoparticles is 
the chemical reduction of metal ions [11]. Silver ions can be 
chemically transformed into silver nanostructures by utilizing 
the Successive Ionic Layer Adsorption and Reduction (SILAR) 
method [12]. Our primary goal in this study is to establish the 
sustainability of the successive ionic layer adsorption and 
reduction (SILAR) method for growing Ag nanoparticles with 
the help of SILAR parameters in the growth cycles such as 
silver nitrate (AgNO3), reduction time, reduction agent in an 
aqueous solution with various concentrations of hydrazine 
hydrate. In addition, it aims to study the effect of hydrazine 
hydrate concentrations on the properties of SILAR-grown Ag 
thin film. The most straightforward solution technique for 
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growing metal nanoparticle films on wide-area substrates is 
SILAR [13]. When using the SILAR method to produce MNPs, 
the reduction of metal ions pre-adsorbed on the surface only 
occurs on the surface of the substrate to prevent material loss 
in the form of precipitation. This is crucial for the growth of 
precious metal nanoparticles with the less expensive technique. 
The formation of metal/semiconductor thin films is controlled 
by several factors, including the precursor concentration, 
immersion duration, growth cycles, and temperature [14]. 
According to reports, the SILAR technique has been utilized to 
grow Ag nanoparticles for a variety of uses [15]. 

2. EXPERIMENTAL DETAILS 

Ag thin film nanostructure was applied to the glass substrate. It 
has utilized silver nitrate (AgNO3) as a silver ion source, and 
an aqueous solution of hydrazine hydrate (HyH) with various 
concentrations (0.01 M, 0.1 M, and 1.0 M) at a constant 
concentration (0.01 M) of aqueous AgNO3. Several reducing 
agents can be utilized to reduce silver ions such as hydrazine 
hydrate [16], sodium borohydride [17], amino acid [18], 
ethylene glycol [19], and glucose [20] to get Ag nanoparticles. 
All the chemical materials used in this research were purchased 
from the Sigma Aldrich company and directly utilized with no 
further purification [ purity 99%]. The glass slides were 
purchased from the Blue Star company with a dimension of 
(2.5 x 7.5) cm. Before the deposition process, the glass slides 
were  

Figure 1. Schematic of the method for growing Ag 
nanoparticles using successive ionic layer adsorption and 
reduction. The growth cycle can be divided into four stages: (1) 
Absorption, (2) Immersing, (3) Reduction agent with various 
concentrations, and (4) Immersing. 

cleaned and sonicated in distilled water. A growth cycle of Ag 
thin film nanostructure can be divided into four stages, as 
shown in figure 1.   
The glass slide substrate was initially submerged in an aqueous 
solution of AgNO3 for about 15 sec, which caused Ag+ ions to 
adsorb the substrate. To remove weakly adsorbed ions, the 
glass substrate was next submerged in a beaker of distilled 
water for about 30 sec. After the rinse stage, the substrate is 
submerged in the aqueous hydrazine hydrate solution for about 
15 sec, to decrease the highly adsorbed ions on the substrate. 
Lastly, to eliminate loosely linked Ag nanoparticles or any 
other weakly adsorbed ionic compounds, the substrate was 
once more cleaned with distilled water and retained in a 
separate beaker for about 30 sec. This ends a cycle of SILAR 
growth. The growth cycle was repeated three times for different 
concentrations (0.01 M, 0.1 M, and 1.0 M) of aqueous 
hydrazine hydrate solution at a constant concentration (0.01 M) 
of aqueous AgNO3. The impacts of reducing time and growing 
cycle for the optimum precursor concentrations have been 
investigated since these factors greatly affect the size and 

distribution of the produced Ag nanoparticles, as shown in 
Table 1. 

Table 1. Optimization parameters of SILAR method for 
growing Ag nanoparticles. 

SILAR growth cycle 
parameters 

Values 

The concentration of aqueous 
AgNO3 

0.01 M 

The concentration of aqueous 
hydrazine hydrate 

0.01 M 
0.1 M 
1.0 M 

Adsorption Time 15 sec 
Immersing Time 30 sec 
Reduction Time 15 sec 
Growth Cycle 3 

 

In the present work, the thickness of the film was measured at 
141±8 nm by the gravimetric weight difference method using 
the relation [21]:  

                 t = m / ρ *A                     (1) 

where (m) is the mass of the film deposited on the substrate in 
gm. (A) is the area of the deposited film in cm2 and ρ is the 
density of the silver. 

The following are the chemical reactions used in the SILAR 
method to grow Ag nanoparticles. AgNO3 is decomposed and 
produces Ag+ ions when it dissolves in water [22], which can 
be expressed as: 

AgNO3                    Ag+ (aq.)  + NO3
- (aq.)   (2) 

 Hydrazinium ions are generated in hydrazine hydrate aqueous 
solution and produce electrons that are then utilized to reduce 
Ag+ ions as shown in the following reactions: 

N2H4 + H2O                  N2H5
+ + OH-            (3) 

N2H5
+                            N2 + 5H+ + 4e-                  (4) 

Thus, the following overall response may be used to express 
the Ag nanoparticle growth [23]: 

4AgNO3 + N2H4               4Ag + 4HNO3 + N2↑(5) 

The silver thin film nanostructures were characterized by the 
X-ray diffraction (XRD) technique. Scanning Electron 
Microscope (SEM) images were done to investigate the surface 
morphology of the produced Ag nanoparticles. The UV-Vis-
NIR spectrophotometer was used to detect the optical 
absorption of the generated Ag nanoparticles. 

3. RESULTS AND DISCUSSIONS 

3.1. Characterization of thin film by X-Ray diffraction 
(XRD) 

X-Ray Diffraction (XRD) has been utilized to characterize the 
produced Ag thin films nanostructure with the help of a Bruker 
D8 advanced diffractometer. Figure 2 shows (XRD) pattern of 
Ag thin film nanostructure obtained after being immersed in a 
reduction agent hydrazine hydrate (HyH) with various 
concentrations of (a) 0.01 M, (b) 0.1 M, and (c) 1.0 M at a 
constant concentration (0.01 M) of silver nitrate (AgNO3). The 
strong peak was acquired after investigating the diffraction 
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peak along with the (111) plane at the value of 2θ (38.00), and 
the remaining peaks appeared with low intensity such as the 
(200) plane at the value of 2θ (44.28), (220) plane at the value 
of 2θ (64.60), as well as (311) plane at the value of 2θ (77.50). 
All the captured peaks of Ag were known as compared to the 
Joint Committee on Powder Diffraction Standards (JCPDS) 
silver card No, (04 - 0783). This demonstrates that the silver 
thin film nanostructure created by the SILAR technique was 
crystalline and had a face-centered cubic structure. It is 
established that the film is made entirely of silver because no 
further peaks of silver oxide or silver hydroxide could be seen 
in the diffraction pattern [24]. The crystallite size (D) of our 
material silver thin film nanostructure can be calculated for the  

Figure 2. Shows X-Ray Diffraction (XRD) pattern of Ag thin 
film nanostructure captured after being submerged in a 
reduction agent hydrazine hydrate (HyH) with various 
concentrations of (a) 0.01 M, (b) 0.1 M, and (c) 1.0 M at a 
constant concentration (0.01 M) of silver nitrate (AgNO3). 

detected peak diffraction such as (111), (200), (220), and (311) 
planes by using the Debye - Scherrer formula [25], as listed in 
Table 2. 

Table 2. XRD analysis of Silver thin film nanostructure. 

Peak 
Diffractions 

(111) (200) (220) (311) 

2θ 38.00 44.28 64.60 77.50 

FWHM 0.3826 0.5542 0.4364 0.6356 

Crystallite size 
(D) in nm 

21.9 15.4 28.7 25.1 

The average 
crystallite size 

(Dave) in nm 

 22.775   

 
D = !	#	

$	%&'	(
                                          (6) 

Where, (K) is the Debye - Scherrer constant (0.9) for spherical 
crystallites with cubic symmetry, (D) is the crystallite size in 
nm, and (θ) is the Braggs angle in degrees, half of 2θ. (λ) is the 
X-Ray source wavelength.  Cu Kα = 1.5406 Aº, and (β) is the 
line broadening at full-width half maximum (FWHM) in 
radians.   
 

3.2. Scanning Electron Microscope (SEM) analysis 

Scanning electron microscopy (SEM) was utilized to examine 
the surface morphology of the grown Ag thin film 
nanoparticles using a JEOL JSM-6360A apparatus with high 
magnifications (x30000) and 20 kV operating voltage. Figure 
3 demonstrates standard SEM images of silver thin film 
nanoparticles that were applied to the glass substrate at a 
constant concentration (0.01 M) of AgNO3 and with the 
various aqueous reduction concentrations of hydrazine hydrate 
(0.01 M, 0.1 M, 1.0 M) solution [26]. It has been noted that the 
particles are distributed evenly throughout the glass substrate, 
as can be seen in Figure 3(a). According to SEM, Figures 3 (b, 
c, and d) increasing the reduction concentration results in more 
Ag nanoparticles covering the whole glass substrate. The 
distribution of silver nanoparticles on the glass substrate and 
the size does not significantly vary for the reduction 
concentrations (0.1 M) and (1.0 M). It is clear from SEM 
figures that the majority of the produced Ag nanoparticles are 
spherical with a few larger non-spherical/rock-shaped particles, 
resulting in strong quadruple plasmon resonance. Ag nuclei are 
produced as a result of the adsorbed Ag+ ions being reduced. 
Since the amount of adsorbed Ag+ ions was constant, a greater 
reduction concentration led to the formation of more nuclei 
and, thus, a larger coverage. At 3 growing cycles, the majority 
of the Ag nanoparticles are spherical. Moreover, SEM images 
show that an increase in the reduction rate leads to an increase 
in the coverage of Ag nanoparticles over the entire glass 
substrate. It is evident from SEM images that most of the grown 
Ag nanoparticles are spherical with few exceptions of bigger 
and nonspherical Ag nanoparticles contributing to quadruple 
peaks. The reduction of the adsorbed Ag+ ions results in Ag 
particles. Because the number of the adsorbed Ag+ ions was 
fixed, with an increase in reduction agent concentration more 
particles were formed resulting in a higher coverage. When 
using the thermal evaporation method, it is well established that 
an increase in evaporation flux causes the distribution and the 
size of the produced nanoparticles to change [27]. 

 
Figure 3. Illustrates Scanning Electron Microscope (SEM) 
images of Ag thin film nanoparticles at (a) constant 
concentration (0.01 M) of AgNO3, and various reduction 
concentrations of (b) (0.01 M) conc. Of hydrazine hydrate, (c) 
(0.1 M) conc. Of hydrazine hydrate, and (d) (1.0 M) conc. Of 
hydrazine hydrate. 
 
3.3. UV analysis of the thin film 

The JASCO V-670 UV-Vis-NIR spectrophotometer was used 
to detect optical absorption of Ag thin film produced in the 
aqueous solution of hydrazine hydrate at various reduction 
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concentrations (0.01, 0.1, 1.0) M as shown in Figure 4. These 
spectra show the appearance of a surface plasmon peak. The 
dipole Plasmon spectrum of nanocrystalline silver is located in 
the range of 386 to 422 nm. According to UV-Vis absorption 
spectra, the Surface Plasmon Resonance (SPR) peak gets 
stronger as the hydrazine hydrate concentration increases. 
Surface Plasmon Resonance occurs between 386 and 422 
nanometers. The impact of the reduction rate on nucleation can 
be used to explain this event. The quantity and size of the 
particles produced by the reduction depending on the number 
of ions created at the start of the reaction [28]. Since there were 
initially few nuclei on the substrate at low concentrations of 
hydrazine hydrate due to the slow rate of reduction, this process 
continued and eventually led to the bigger size of particles. 
However, when the concentration of the hydrazine hydrate 
solution increases, the excess nuclei that were produced are 
reduced at a faster pace, which causes the formation of smaller, 
more agglomerated silver nanoparticles. 
 

Figure 4. UV-Vis-NIR absorption spectra of silver thin film 
nanostructure were produced at several reduction agent 
concentrations (0.01, 0.1, and 1.0) M in an aqueous solution of 
hydrazine hydrate. 

4. CONCLUSION 

In this study, the SILAR method was successfully utilized to 
apply silver thin film nanoparticles on a large area of the glass 
substrate by using silver nitrate at constant concentration and 
various reduction agent concentrations in an aqueous solution 
of hydrazine hydrate. To achieve superior enhancement, the 
SILAR growth parameters (reduction agent, duration, and 
growth cycles) were optimized. The face-centered cubic 
structure of the nanostructured silver was proven by XRD. The 
size, surface area, and shape of the produced Ag nanoparticles 
alter as a result of changes in the SILAR growth parameters. At 
first, growth cycles enhance the size and surface area of 
spherical Ag nanoparticles; however, as growth cycles 
increase, the silver nanoparticles' shapes change to gravel or 
non-spherical. UV-Vis absorption spectra show that the 
strength of the Surface Plasmon Resonance (SPR) peak rises as 
the hydrazine hydrate concentration increases, mostly because 
of the variation in nucleation and growth activity. Moreover, 
silver nanoparticles are equally dispersed, as seen by SEM. It 
has been found that morphology, together with size and 
coverage, is a crucial aspect of the generated Ag nanoparticles 
in deciding the activity of growth cycles. Therefore, silver 
nanoparticles that have been produced with the ideal SILAR 

conditions can be employed as an extremely sensitive, 
repeatable substrate with an exceptionally efficient factor. 
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