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ABSTRACT

The present work was aimed to study the synthesis of silver nanoparticles (Ag NPs) using Tri-
Sodium Citrate (TSC), stability study of synthesized Ag NPs and their characterization. Synthesis of
Ag NPs has been carried out by maintaining different conditions such as TSC concentration (0.50,
1.00 and 1.50%), AgNO; concentration (0.50, 1.00 and 1.50 mM) and stirring time (10, 15 and 20
min). The stability study of synthesized Ag NPs conducted for 30 days without adding any stabilizing
agents. The characterization of synthesized Ag NPs was carried out for different parameters like
particle size and zeta potential using particle size analyzer, absorbance peak by UV-Visible
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spectrophotometer, morphology by Scanning Electron Microscope (SEM), crystallinity by X-Ray
Diffractometer (XRD) and material structural characteristics by Atomic Force Microscope (AFM).
The stable chemically synthesized Ag NPs were obtained at C,, (AgNO3; concentration of 1.5 mM,
TSC 1.5% and stirring time 20 min) (desirability 99.97%), with average particle size of 22.14 nm and

average absorbance peak of 449.85 nm.

Keywords: Absorbance peak; characterization; tri-sodium citrate; particle size; silver nanoparticles

and stability study.
1. INTRODUCTION

Nanoscience and nanotechnology are the study
and application of extremely small things and can
be used across all the other science fields, such
as chemistry, biology, physics, materials science
and engineering. Nanotechnology is the study of
phenomena and manipulation of materials at
atomic, molecular and macromolecular scale. It
is a rapidly growing field with its wide application
in science and technology for manufacturing of
new materials at nanoscale level [1]. It includes
the synthesis, characterization, exploration and
utilization of nanostructured materials. The
nanostructured materials are very interesting
both for scientific reasons and practical
applications [2]. Despite the existence of
numerous metals in nature, only a few of them
such as gold, silver, palladium and platinum are
synthesized extensively in nanostructured form
[3]. Among the above mentioned metals, silver
nanoparticles (Ag NPs) have attracted much
attention due to their unique physical, chemical
and biological properties compared to bulk silver
for utilizing in various applications including
pharmaceutics, agriculture, water detoxification,
air filtration, food industries, textile industries and
as a catalyst in oxidization reactions [4].

However, chemical method of synthesis is
often used, due to its ease of
production [5]. The very common approach for
synthesis of Ag NPs by chemical reduction using
organic and inorganic reducing agents. The
selection of an suitable reducing agent is a
important factor, as the size, shape and particle
size distribution mostly depend on the nature of
the reducing agent. The most popular synthesis
of Ag NPs is chemical reduction of silver salts by
Tri-Sodium Citrate (TSC) [6]. TSC act as both
reducing and coordinating agent. Free electron
pairs in carbonyl groups can stabilize
nanoparticles electrostatically and act as a
coordinating agent in compounds with metallic
atoms that have free orbitals. The main
advantage of the chemical reduction method
using TSC is the possibility of further
functionalization (citrate ions can be easily
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exchanged with other compounds due to weak
interaction of citrate molecules with metal
surfaces) [7]. The preparation is simple, but great
care must be exercised. However, solution
temperature, concentrations of metal salt,
reducing agent and reaction time influence the
particle size [6]. However, the lack of particle
stability of Ag NPs has prevented the silver from
wider applications [8].

Thus, the aim of this study was to synthesize
silver nanoparticles using tri-sodium citrate and
to conduct stability study and characterization of
synthesized silver nanoparticles using various
characterization instruments.

2. MATERIALS AND METHODS

2.1 Chemical Synthesis of Ag NPs Using
Tri-sodium Citrate

The chemical synthesis of Ag NPs was carried
out using the materials such as Tri-Sodium
Citrate, Silver Nitrate (Ag NOs3) and the
procedure was described below.

Hundred millilitres of (0.50, 1.00 and 1.50 mM)
AgNO; solution was heated at 90°C for 5 min
using water bath. To this 12.5 mL of the prepared
TSC solution (0.50, 1.00 and 1.50%) was added
drop by drop while continuously stirring. The
reduction process begins with the colour change
from transparent to pale yellow, which showed
the formation of Ag NPs. The nanoparticle
solution was stirred (10, 15 and 20 min) on a
magnetic stirrer at 90°C and stored in refrigerator
(8+1°C) for further stability study [9].

The treatment combinations for chemical
synthesis of Ag NPs is given Table 1. Figs. 1 and
2 depicts the process flow chart for chemical
synthesis of Ag NPs using TSC.

2.2 Stability ~ Study
Synthesized Ag NPs

of  Chemically

The stability study of chemically synthesized
Ag NPs was conducted using twenty
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Preparation of 100 mL (0.50, 1.00 and 1.50%) TSC solution

100 mL of (0.50, 1.00 and 1.30 mM) AgNOs solution
(Heating at 90°C for 5 min)

Addition of 12.5 mL (0.50, 1.00 and 1.50%) of TSC drop by drop to AgNOj3 solution
{(With continuous stirring)

Colour changes from transparent to pale vellow showed the formation of Ag NPs
Stirring (10, 15 and 20 min) on magnetic stirrer and storage in refrigerator (8£1°C)

Conducting stability study

Fig. 1. Process flow chart for chemical synthesis of Ag NPs using TSC
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Tri-Sodium Citrate TSC solution

TS0 Sil\-erimte

Silver nitrate
solution

Adding TSC solution drop

5 g Heating of
by drop to AgNO; sclution

AsNO; sclution

Colour change from Stirring in magnetic Chemically synthesized
transparent to pale vellow stirrer silver nanoparticles

Fig. 2. Process flow chart for chemical synthesis of Ag NPs using TSC
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Different samples. The samples were stored in
refrigerated condition (8+1°C) during the stability
study and observed with particle size analyzer for
particle size and UV-Visible spectrophotometer
for absorbance peak for 30 days at an interval of
12 h.

Treatment
Chemically

2.3 Optimization of
Combinations for
Synthesized Ag Nps

Twenty experiments with three replications were
performed in a randomized order. A second
order quadratic polynomial model was used to fit
the experimental data, to develop mathematical
model and predict experimental data using
Design Expert software (Version 7.0.0).

2.4 Characterization of Ag NPs

The characterization of synthesized Ag NPs was
carried out for different parameters like particle
size, zeta potential, absorbance peak,
morphology, crystallinity and material structural
characteristics. The optimized treatment
combination obtained during the stability study
was taken for further characterization with the
following instruments.

2.5 Particle Size of Ag NPs Using Particle
Size Analyzer

The particle size analyzer performs size
measurements using a process called Dynamic
Light Scattering (DLS). The principle of DLS is
that fine particles and molecules are in constant
random thermal motion, called Brownian motion,
which diffuse at a speed related to their size,
smaller particles diffuse faster than larger
particles [10]. The average particle diameter (nm)
was recorded from intensity graph.

2.6 Zeta Potential of Ag Nps Using
Particle Size Analyzer

Zeta potential is a measure of the effective
electric charge on the nanoparticle surface. The
magnitude of the zeta potential provides
information about particle stability, with values
greater than +30 mV or less than -30 mV have
high degrees of stability due to a larger
electrostatic repulsion between particles [11].
Dispersions with a low zeta potential will
eventually aggregate due to Vander Waal inter-
particle attractions. A laser passes through the
cell and as particles move through the laser
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beam the intensity of scattered light fluctuates at
a rate proportional to the particle speed. Particle
speed at multiple voltages is measured and used
to calculate the zeta potential. The average zeta
potential was recorded from the intensity graph.

2.7 Absorbance Peak of Ag NPs Using
UV-visible Spectrophotometer

Absorbance peak of synthesized Ag NPs was
measured using UV-Visible spectrophotometer. It
works on the principle of Beer-Lambert law. This
law states that whenever a beam of
monochromatic light is passed through a solution
with an absorbing substance, the decreasing rate
of the radiation intensity along with the thickness
of the absorbing solution is proportional to
concentration of solution and incident radiation.
From the Beer-Lambert law, it was determined
that greater the number of molecules that were
capable of absorbing light at a certain
wavelength, greater the extent of the absorption
of light. The wavelength that corresponds to the
highest absorption is usually referred to as Ayax.
The resulting spectrum was presented as a
graph of absorbance (A) versus wavelength (A).
For Ag NPs the absorbance peak (Anax) ranges
from 380 to 450 nm [12]. The sample was
prepared by diluting 1 mL of Ag NPs into 2 mL of
distilled water and measuring the UV-Visible
spectrum of solutions [13].

2.8 Surface Morphology of Ag NPs Using
Scanning Electron Microscope

Surface morphology of synthesized Ag NPs was
measured using Scanning Electron Microscope
(SEM). SEM is a powerful magnification tool that
utilizes focused beams of electrons to obtain
information. It works on the principle that when
the accelerated primary electrons strike the
sample in vacuum chamber, it produces
secondary electrons. These secondary electrons
are collected by a positively charged electron
detector which in turn gives a 3D image of the
sample using the software and also
backscattered electrons are higher energy
electrons that are elastically backscattered by the
atoms of the sample. Atoms with higher atomic
numbers backscatter more efficiently and
therefore this detector can give compositional
information about the sample [14]. The
magnification (1 to 500 kX) and focusing was
carried out to get clear surface morphology of
samples at the accelerating voltage range from 1
to 30 kV with working distance of the sample at
10 mm (8 to 25 mm) [15].
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2.9 Phase Identification of Ag NPs Using
X-Ray Diffractometer

Phase identification of synthesized Ag NPs was
measured using X-Ray Diffractometer (XRD).
XRD is a unique method in determination of
crystallinity of a compound. It is based on
constructive interference of monochromatic X-
Rays and a crystalline sample. The X-Rays are
generated by a cathode ray tube, filtered to
produce monochromatic radiation and directed
towards the sample. The interaction of the
incident rays with the sample produces
constructive interference, when conditions satisfy
Bragg’s law [16]. Synthesized Ag NPs (1 g) were
uniformly spread on glass sample holder and
placed in scanning chamber. The scan speed
and step size were set by using ICDD PDF,
software (Version V6.7) of 0.30°min and 0.001 s,
respectively and were fixed [17]. The XRD
pattern was recorded for phase identification of
Ag NPs.

2.10 Surface Imaging of Ag NPs Using
Atomic Force Microscope

Surface imaging of synthesized Ag NPs was
measured using Atomic Force Microscope
(AFM). Atomic force microscope provides a 3D
profile of the nanoparticles surface by measuring
forces between a sharp probe (< 10 nm) and
surface at very short distance (0.20 to 10 nm
probe sample separation). The amount of force
between the probe and sample is dependent on
the spring constant, stiffness of the cantilever
and the distance between the probe and the
sample surface. This force can be described
using Hooke’s law [18]. Silver nanoparticle
solution was placed on glass slide in a thin layer
and dried in a hot air oven at 60°C for 10 min
[19]. Glass slide containing sample was kept on
the sample chamber by adjusting the cantilever
of AFM. Laser beam was focused on the
cantilever tip and glass slide to obtain 3D, 2D
images, image profile and roughness coefficient
values for individual samples.

3. RESULTS AND DISCUSSION

3.1 Chemical Synthesis of Ag NPs Using
Tri-sodium Citrate

The Ag NPs were prepared by chemical
reduction method using tri-sodium citrate (TSC).
For this, TSC solution was added drop by drop to
AgNO; solution after reaching to 90°C, resulting
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in a colour change and the mixture changed from
transparent to pale yellow indicating the
formation of Ag NPs. During the synthesis
process, the reductant (CgHsO;Naz) directly
reduced Ag” ions to generate metallic Ag® atoms.
The produced Ag°® atoms then acted as
nucleation cites and catalysed the reduction of
remaining metal ions present in the solution. The
coalescence of atoms led to formation of metal
clusters, which were normally stabilized by
ligands, surfactants or polymers by using TSC as
reducing agent [5]. The colour changed from light
yellow to yellow and then greenish. These
changes showed the formation of Ag NPs. The
colour of metal nanoparticles based on the shape
and size of the nanoparticles and the dielectric
constant of the surrounding medium. A visible
change in colour was observed using 1% TSC
from transparent to yellowish brown [6].

3.2 Stability ~ Study  of

Synthesized Ag NPs

Chemically

From Table 1, it is observed that C,y (AgNO;
concentration of 1.5 mM, TSC 1.5% and stirring
time 20 min) was the best treatment combination
with desirability of 99.97% in terms of stability
among 20 different treatment combinations.
During stability study, the size of nanoparticles
was varied from 19.50 to 118.00 nm and
absorbance peak varied from 393.50 to 476.00
nm. The effect of AQNO; concentration, TSC and
stirring time on particle size and absorbance
peak of chemically synthesized Ag NPs during
stability study are given in Table 1.

From Table 1, it is noticed that the minimum
particle size of 22.14 nm recorded at C,q (AgNO;
concentration of 1.5 mM, TSC 1.5% and stirring
time 20 min) and the maximum particle size of
86.96 nm at C; (AgNO;3; concentration of 0.16
mM, TSC 1.0% and stirring time 15 min). For
particle size of chemically synthesized Ag NPs,
F-value of the model observed was 9.79, R®
value was 0.89 and it is significant. The minimum
absorbance peak of 401.23 nm at Cs (AgNO;
concentration of 1.0 mM, TSC 0.16% and stirring
time 15 min) and the maximum of 449.85 nm at
C,o (AgNO3 concentration of 1.5 mM, TSC 1.5%
and stirring time 20 min) are also observed. For
absorbance peak of chemically synthesized Ag
NPs, F-value of the model observed was 11.04,
R® value was 0.90 and it is significant. The
interaction effects of AgNO; concentration, TSC
and stirring time on particle size and absorbance
peak are statistically significant (p<0.01) at 1%
level.
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Table 1. Treatment combinations and results (Particle size and absorbance peak) for synthesis

of Ag NPs
Run Treatment AgNO; Tri-sodium Stirring time  Particle size  Absorbance
concentration citrate (%) (min) (nm) peak (nm)
(mM)
1 Ci 0.50 0.50 10.00 85.65 403.70
2 C, 0.50 0.50 20.00 83.23 410.59
3 Cs 0.16 1.00 15.00 86.96 401.42
4 C, 0.50 1.50 10.00 29.72 427.15
5 Cs 0.50 1.50 20.00 24.63 439.51
6 Cs 1.00 0.16 15.00 76.89 401.23
7 C, 1.00 1.00 6.59 65.73 429.23
8 Cs 1.00 1.00 15.00 3151 432.10
9 Cy 1.00 1.00 15.00 37.96 435.64
10 Co 1.00 1.00 15.00 41.55 430.78
11 Cu 1.00 1.00 15.00 36.43 429.85
12 Cuw» 1.00 1.00 15.00 32.53 436.71
13 Cis 1.00 1.00 15.00 35.05 428.41
14 Cu 1.00 1.00 23.41 28.59 442.51
15 Cis 1.00 1.84 15.00 39.28 440.53
16 Cis 1.50 0.50 10.00 29.59 418.25
17 Cir 1.50 0.50 20.00 23.17 428.16
18 Cis 1.84 1.00 15.00 30.15 435.45
19 Cio 1.50 1.50 10.00 34.56 413.20
20 C 1.50 1.50 20.00 22.14 449.85

3.3 Effect of AgNO; Concentration, TSC
and Stirring Time on Particle Size

The effect of AQNO3; concentration and TSC on
particle size is depicted in Fig. 3a. From the
figure it is noticed that as the AgNO;
concentration (0.5 to 1.5 mM) increased, there is
a decrease in particle size from 34.01 to 32.96
nm. This might be due to increase in AgNO;
concentration (0.2 to 0.4 mM), which lead to the
formation of large number of tiny particles (8.6
nm) using NaBH, as reducing agent [20].
Whereas, increase in TSC (0.5 to 1.5%),
decreased the particle size (89.10 to 29.82 nm).
According to law of mass action, the reaction rate
is proportional to reactant concentration.
Therefore, the increase in TSC dihydrate
concentration from 0.1 to 0.2%, increased the
rate of reaction. As the reaction rate increased,
the silver ions (Ag") were dissolved faster, thus
having less possibility for particle size growth
(37.24 to 43.04 nm) [5].

Fig. 3b depicts the effect of AQNO3 concentration
and stirring time on particle size. From the figure
it is observed that as the AgNO; concentration
increased from 0.5 to 1.5 mM, decreased the
particle size from 62.78 to 34.94 nm. This might
be due to increase in AgNO; concentration (0.2
to 0.4 mM), which lead to the formation of large
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number of tiny particles [20]. Whereas, increase
in stirring time (10 to 20 min), decreased particle
size (52.60 to 19.10 nm). This might be due to
shift in SPR peak. Contact time is one of the
parameters that controls the size of Ag NPs
because of blue shift in adsorption peaks. It
could be inferred that, at the early stage the SPR
band was broadened because of the slow
conversion of silver ion (Ag") to zerovalent silver
(Ag®°) nanoparticles. However, further increase in
the contact time led to effective decrease in
nanoparticle size (1 to 5 nm) using NaBH, as
reducing agent [21].

From Fig. 3c, the effect of TSC and stirring time
on particle size is observed. With the increase in
TSC from 0.5 to 1.5%, the particle size
decreased from 49.51 to 21.87 nm. This might be
due to increase in TSC concentration which
increased the rate of reaction and thus in turn
decreased the particle size from 50 to 5 nm [13].
Whereas, the increase in stirring time from 10 to
20 min, decreased the particle size from 60.35 to
37.04 nm. This might be due to the shift in SPR
which resulted in reduction of particle size [21].

The variation in particle size might be due to
difference in reducing agent (TSC), AgNOs;
concentration, TSC concentration and stirring
time.
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3.4 Effect of AgNO; Concentration, TSC
and Stirring Time on Absorbance
Peak

Fig. 4a. depicts the effect of AgNO;
concentration, TSC on absorbance peak. From
the figure it is noticed that as the AgNO;
concentration (0.5 to 1.5 mM) increased, the
absorbance peak increased (402.37 to 423.86
nm). This might be due to increase in
AgNO; concentration which increased the rate at
which the SPR was attained. Ag NPs formed
within the wavelength range of 400.00 to 490.00
nm which showed the formation
of Ag° nanoparticles [21]. The increase in TSC
(0.5 to 1.5%), increased the absorbance peak
(431.09 to 434.72 nm). This might be due to the
fact that absorbance peak increases with
increased citrate concentration and attained a
plateau at higher citrate ion concentration. The
higher the concentration, complexation of the Ag
ions with citrate ions with maximum absorbance
of 420 nm was achieved [22].

The effect of AgNO3; concentration and stirring
time on absorbance peak is shown in
Fig. 4b. It is observed that increase in AgNO;
concentration from 0.5 to 1.5 mM, increases
absorbance peak from 419.00 to 424.73 nm. This
might be due to increase in AgNO;
concentration. This in turn increased the rate at
which the SPR was attained resulting in increase
of absorbance peak [21]. On the other hand, the
increase in stirring time from 10 to 20 min,
increased absorbance peak (425.08 to 444.46
nm). This might be due to increased contact time
which enhanced the absorbance peak due to
excellent SPR band formation as large amount of
Ag" has been converted to Ag® [21].

Fig. 4c depicts the effect of TSC and stirring time
on absorbance peak. From the figure it is
observed that as the TSC increased from 0.5 to
1.5%, the absorbance peak increased from
416.86 to 428.60 nm. This was probably due to
complete complexation of the Ag ions
with increase in citrate ions concentration [22].
On the other hand, the increase in stirring
time from 10 to 20 min has increased the
absorbance peak from 421.71 to 449.56 nm
which was due to increasing the contact time and
thereby the absorbance peak increased because
large amount of Ag” has been converted to Ag®
[21].

3.5 Characterization of Ag NPs

Optimized sample obtained during the stability
study of chemically synthesized Ag NPs were
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characterized by using various instruments viz.,
Particle size analyzer, UV-Visible
spectrophotometer, Scanning Electron
Microscope (SEM), X-Ray Diffractometer (XRD)
and Atomic Force Microscope (AFM).

3.6 Particle Size of
Synthesized Ag NPs

Chemically

The average diameter of chemically synthesized
Ag NPs using tri-sodium citrate is found to be
31.95 nm from the intensity distribution analysis
using Particle size analyzer. Fig. 5 shows the
DLS pattern of the suspension of chemically
synthesized Ag NPs (31.95 nm) using TSC.

Ag NPs size ranged from 7 to 20 nm with mean
diameter of 9 nm with 0.02% of TSC as reducing
agent and 1 mM AgNO; [23]. The variation in
particle size might be due to the difference in
AgNO;3; (0.5 to 1.5 mM) and TSC concentration
(1.5%). The diameter of the Ag NPs ranged
between 18 and 30 nm using tannic acid as
reducing agent [24]. The variation might be due
to change in reducing agent.

3.7 Zeta Potential of Chemically
Synthesized Ag NPs
The zeta potential value of chemically

synthesized Ag NPs using TSC is observed to be
-26.00 mV and its conductivity is 0.262. Hence,
the quality of chemically synthesized Ag NPs is
found to be good and Fig. 6 depicts the zeta
potential distribution.

The electrostatic stabilization of various
synthesized Ag NPs was estimated by
measuring their zeta potential values using
sodium borohydride (NaBH,4) as reducing agent.
The zeta potential value was found to be in the
range from -26.80 to -53.10 mV [25].

The synthesis of nanoparticles using NaBH,, the
zeta potential values was found to be -53.18 mV
[26]. They reported that, the presence of strong
electric charges on the particle surfaces hinder
the agglomeration and kept all the particles away
from each other. This variation in zeta potential
values might be due to difference in reducing
agent (TSC).

3.8 Absorbance Peak of Chemically
Synthesized Ag NPs

The UV-Visible absorption spectrum  of

chemically synthesized Ag NPs exhibited
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characteristic SPR band centered at wavelength
of 43465 nm and absorbance of 0.49

(Fig. 7).

The absorption peak of Ag NPs was 450 nm. UV-
Visible absorption spectrum results confirmed the
formation of Ag NPs by chemical reduction
method (AgNO; reduced by TSC CgHs0;Nas)
with absorption peak at 450 nm [6]. The UV-
Visible absorption band centered at
420 nm was the characteristic absorption of Ag
NPs using TSC [22].

3.9 Surface Morphology of Chemically
Synthesized Ag NPs

SEM image of chemically synthesized Ag NPs is
observed to be spherical in shape with
magnification of 7.42 kX at the accelerating
voltage of 10.00 kV with working distance of
10.00 mm as shown in Fig. 8.

Using TSC it was reported that SEM image of the
Ag NPs synthesized indicated well dispersed
particles that were more or less spherical [6]. The
morphology of synthesized Ag NPs using SEM
with sodium citrate as reducing agent (spherical)
observed similar results [22].

3.10 Phase Identification of Chemically
Synthesized Ag NPs

XRD pattern of chemically synthesized showed
five distinct diffraction peaks at 31.17°, 46.02°,
48.45°, 54.60° and 57.28° that are corresponding
to (111), (200), (220), (222) and (311) reflection
planes, respectively. The highest peak is
observed at 31.17° (111) reflection. The XRD
study confirmed that, the nanoparticles are FCC
in nature and intensity of the peaks reflected high
degree of crystallinity of Ag NPs. It confirmed
that the main composition of the nanopatrticles is
silver. The crystalline nature of Ag NPs is
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Fig. 6. Zeta potential distribution of chemically synthesized Ag NPs
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Fig. 8. SEM image of chemically synthesized Ag NPs
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confirmed from the XRD analysis of chemically
synthesized Ag NPs using TSC as shown in
Fig. 9.

The XRD pattern of synthesized Ag NPs using
TSC, obtained from Bragg’s reflection index
(111), (220) and (311) which corresponds to the
FCC structure and also shows that synthesized
Ag NPs were crystalline. However, it can also be
observed that the peaks are substantially
broadened, indicating that the material is
composed of very little quantity of silver crystals
[5]. The synthesized Ag NPs using TSC showed
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diffraction peaks at 20 values of 38.2°, 44.4° and
64.6° which can be indexed to (111), (200) and
(220) planes of pure silver. All the peaks in XRD
pattern can be readily indexed to a FCC structure
of silver [27].

of

3.11 Surface Imaging Chemically

Synthesized Ag NPs

For chemically synthesized Ag NPs, height and
width of the arbitrarily selected particles are 210
and 40 nm, whereas roughness average and root
mean square roughness are recorded as
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10.8535 and 15.3217 nm, respectively. The AFM
profile of chemically synthesized Ag NPs sample
which indicates the height (Y axis) and width (X
axis) of the Ag NPs is depicted in Fig. 10.

Larger roughness value was obtained due to the
rough surface area of the Ag NPs. Some
nanoparticles were agglomerated, this might be
due to the deposition of the Ag NPs on the
surface tending to form cluster together during
the analysis [28]. AFM micrographs with a
scanning area of 3 x 3 ym obtained from silver
thin films was having root mean square surface
roughness (Rq) value of 1.715 [18]. The variation
in the root mean square surface roughness might
be due to the difference in the reducing agent
(TSC) considered for the present study.

4. CONCLUSIONS

Chemical synthesis of Ag NPs was carried out by
using tri-sodium citrate as reducing agent shows
a colour change and the mixture changes from
transparent to pale yellow indicating the
formation of Ag NPs. The stability study was
conducted for 20 different samples to determine
the stability of Ag NPs, observed that C,, (AgNO3
concentration of 1.5 mM, TSC 1.5% and stirring
time 20 min) was the best treatment combination
(desirability 99.97%), with average particle size
of 22.14 nm and average absorbance peak of
449.85 nm. Characterization of synthesized Ag
NPs was analysed using particle size analyzer
(Partcle size 31.95 nm and Zeta potential -26.00
mV), UV-Visible spectrophotometer (Absorbance
peak 434.65 nm and Absorbance 0.49), SEM
(Morphology is spherical), XRD (FCC in nature)
and AFM (Height 210 nm and Width 40 nm).
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