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Silver nanoparticles have become a popular area of research in the field of nanotechnology due to their
unique properties, including excellent antimicrobial activity. The synthesis of silver nanoparticles can be
optimized using response surface methodology (RSM), which provides a systematic and efficient approach
to determine the ideal process parameters for obtaining the desired nanoparticles. In this study, the Re-
sponse Surface Methodology (RSM) - Faced-Centered Central Composite Design (FCCD) was utilized to op-
timize the synthesis conditions for the preparation of silver nanoparticles. The variables affecting the syn-
thesis of silver nanoparticles, including precursor concentration, reducing agent concentration, and reac-
tion time, were investigated. The synthesized silver nanoparticles obtained in this study had a size of 10.99
nm and a maximum wavelength of 450 nm. Through the resulting 3D plots, the impact and interaction be-
tween silver nitrate concentration, ascorbic acid concentration, and reaction time could be analyzed. Over-
all, this research provides valuable insights into the optimization of silver nanoparticle synthesis using re-
sponse surface methodology, which can lead to the development of more efficient and effective methods for
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producing nanoparticles with desired properties.
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1. INTRODUCTION

Nanoparticles are defined as particles with dimen-
sions ranging from 1 to 100 nm [1]. Due to their size,
nanoparticles are more reactive than larger particles, as
the atoms on their surface are in direct contact with
other materials, influencing their material reactivity.
This property is advantageous and has led to the devel-
opment of nanoparticles for various purposes [2]. Among
the various types of noble metal nanoparticles, silver
nanoparticles (AgNP) have significant potential in vari-
ous applications, including as anti-bacterial agents, bi-
omedical device coatings, and drug carriers [3].

The chemical reduction of aqueous solutions of silver
salts or organic solvents using external reducing agents
into colloidal suspensions is the most common method
for producing silver nanoparticles [4]. This method has
a large-scale production capacity [5]. A variety of reduc-
ing agents, such as sodium borohydride, ascorbic acid,
aspartic acid, citric acid, and hydrazine hydrate, have
been utilized to convert Ag* to Ag®. To regulate the size
and stability of the nanoparticles, a stabilizing agent
can be incorporated [6]. Polymers such as polyvinyl pyr-
rolidone (PVP) are excellent hosts for stabilizing metal
nanoparticles due to their ability to act as stabilizers or
stabilizing agents [7].

The production of AgNP has recently been progress-
ing with different characteristics and effects of physio-
chemical properties, so characterization techniques have
been developed. These techniques allow the analysis of
the morphology, structure, composition, and behavior of
AgNP using an instrument such as visible ultraviolet
spectroscopy (UV-Vis), dynamic light scattering (DLS),
and transmission electron microscopy (TEM) [8].

Various factors can affect the synthesis of silver na-
noparticles, such as precursor, reducing agent and sta-
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bilizing agent concentrations, temperature, pH, and
reaction time [9]. However, the conventional approach
to finding optimal conditions for silver nanoparticle syn-
thesis is through the one factor at a time (OFAT) meth-
od, which can only evaluate the interaction of up to two
factors and requires a large number of experiments and
time. Experimental design is a more efficient approach
that reduces the amount of data collected in the fewest
number of trials while focusing on relevant statistical
assessments and interactions between studied factors
within a realistic range [10]. Among the experimental
designs, the CCD is the most commonly used second-
order design. These designs usually involve three types
of experimental points: factorial, center points, and axi-
al points [11]. The advantage of this type of optimiza-
tion model is that it is more accurate and there is no
need to carry out a three-level factorial experiment to
build a second-order quadratic model [12].

In this study, FCCD was adopted using response sur-
face methodology (RSM) to minimize the number of syn-
thesis trials and investigate the relationship between
independent variables and response variables to deter-
mine suitable experimental formulations for the synthe-
sis of silver nanoparticles using ascorbic acid as a reduc-
ing agent and polyvinyl pyrrolidone as stabilizing agent.

2. MATERIALS AND EXPERIMENTS

The materials utilized in this study include polyvi-
nylpyrrolidone (PVP), ascorbic acid (AA), silver nitrate
(AgNOs3), and distilled water. The preparation of 1%
PVP solution, AA solution (0.005; 0.025; 0.05 M),
AgNOs solution (0.005; 0.01; 0.02 M), and the synthesis
of silver nanoparticles were conducted in the Laborato-
ry of Instrumentation and Analytical Sciences, Chemis-
try Department, Faculty of Science and Data Analytics,
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Institut Teknologi Sepuluh Nopember. The FCCD was
optimized using Jupyter Notebook software with three
parameters, namely AgNOs concentration (0.005— 0.02
M), AA concentration (0.005 — 0.05 M), and reaction time
or reaction time (0 — 20 minutes), with the response var-
iable being the absorbance at the highest wavelength of
UV-Vis spectrophotometry. The values of the variables
used in the experiment are presented in Table 1.

The silver nanoparticles were synthesized by react-
ing 50 mL of 1% PVP solution with 30 mL of AgNOs
solution in an Erlenmeyer flask, followed by stirring at
350 rpm. The mixture was then added with 0.5 mL of
AA solution under reaction conditions, according to the
variations in synthesis. The resulting silver nanoparti-
cles were tested for their wavelength using a UV-Vis
spectrophotometer and their particle size distribution
using a particle size analyzer (PSA).

Table 1 — Variation of silver nanoparticle synthesis

AgNOs AA Reaction

Code concentration | concentration | time

(M) M) (minutes)
0 0.005 0.005 0
1 0.005 0.05 0
2 0.02 0.005 0
3 0.02 0.05 0
4 0.005 0.005 20
5 0.005 0.05 20
6 0.02 0.005 20
7 0.02 0.05 20
8 0.01 0.005 10
9 0.01 0.05 10
10 0.005 0.025 10
11 0.02 0.025 10
12 0.01 0.025 0
13 0.01 0.025 20
14 0.01 0.025 10

The independent and collaborative relationships of
the variables were evaluated using a faced-centered
central composite design (FCCD) using Python soft-
ware. The developed models were assessed using statis-
tical tools such as analysis of variance (ANOVA) and F
scores. The level of fit of the model equation was de-
termined by the value of the correlation coefficient, R2.
Finally, the fitted model was presented as a three-
dimensional surface plot to visualize the relationship
between the results.

3. RESULTS AND DISCUSSION

The absorption spectrum of the prepared sample was
obtained using a UV-Vis spectrophotometer. This spec-
trum is indicative of the formation of colloidal silver na-
noparticles as well as the quality of the sample. Fig. 1
shows the absorption spectrum of the AgNP formed with
the addition of AA. The measurements revealed an ab-
sorption peak at a wavelength of approximately 450 nm,
which is a characteristic feature of silver nanoparticles
and corresponds to surface plasmon resonance [14].
These results are consistent with previous studies re-
garding the synthesis of silver nanoparticles with ascor-
bic acid which showed absorption peaks of around
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453 nm with variations in pH [15]. Fig. 2 shows a typical
absorption spectrum of colloidal silver nanoparticles.
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Fig. 1 - UV — Visible spectrum of PVP, PVP + AgNO3 and AgNP
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Fig. 2 — UV — Visible spectrum of silver nanoparticles
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Fig. 3 — Size distribution of silver nanoparticles

Nanoparticle size was analyzed using a particle size
analyzer with a dynamic light scattering technique and
the size distribution of one sample is presented in Fig. 3.
The results indicate that most of the prepared nanopar-
ticles have a radius of less than 100 nm with an average
size distribution of 81.20 nm. Furthermore, over 22.5% of
the particles had a size of ~10.99 nm, demonstrating the
successful synthesis of nano-sized silver particles as ob-
served in previous studies [16].

The statistical significance of the variables on AgNPs
absorbances was confirmed by the Model F value of
17.59 and a Prob > F value of 0.00283, indicating that
the input factors have a significant impact on the re-
sponse. The correlation coefficient of the model (R2) and
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adjusted R2 (R2 adj) also demonstrated the model's sig-
nificance and goodness of fit. The obtained R2 value of
0.969 indicates excellent agreement between experi-
mental data and model prediction results, while the ad-
justed R2 value of 0.914, which is only 0.055 lower than
the R2 value, highlights the model's robustness.
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Fig. 4 — The 3D surface plot of AgNP synthesis via FCCD ap-
proach for effects of AA concentration and AgNOs concentration
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Fig. 5 —The 3D surface plot of AgNP synthesis via FCCD
approach for effects of AA concentration and reaction time
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The effect of the parameters assessed on AgNP syn-
thesis was depicted in Fig. 4-6 using counterplots and 3D
surface plots, focusing on the impact of AA concentra-
tion, AgNOs concentration, and reaction time. The re-
sults indicated that higher concentrations of both AA
and AgNOs lead to higher AgNPs absorbances, with an
optimal AgNOs concentration of less than 0.02 M and an
optimal AA concentration of more than 0.05 M. Moreo-
ver, the longer the reaction time and reaction time, the
higher the AgNPs absorbances, with an optimal reaction
time of more than 20 minutes. Importantly, the optimal
point was observed within the experimental range based
on the three plots obtained.
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Fig. 6 — the 3D surface plot of AgNP synthesis via FCCD ap-
proach for effects of AA concentration and reaction time

4. CONCLUSIONS

The successful synthesis of silver nanoparticles using
a chemical reduction method with silver nitrate as a
precursor, ascorbic acid as a reducing agent, and PVP as
a stabilizing agent has been accomplished using re-
sponse surface methodology. The synthesized silver na-
noparticles had a size of 10.99 nm and a maximum
wavelength of 450 nm. The impact of silver nitrate con-
centration, ascorbic acid concentration, and reaction
time can be analyzed through the resulting 3D plots. The
3D plot results indicate that the optimal point can be
observed from the experimental ranges carried out [19].
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CunuTe3 HAHOYACTUHOK CPidjia 3 BUKOPHCTAHHAM METOM0JIOTI] IIOBEPXHIi BiATyKy
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Indonesia

Hanouacturku cpibsa crajsy MOy ISpPHOI0 00JIACTIO JOC/IPKeHD Y TajIy3l HAHOTEXHOJIOTIH 3aBIsIKH CBOIM
VHIKQJIBHUM BJIACTUBOCTSIM, BKJIOUAIOYN BHCOKY AHTHMIKPOOHY akTHBHICTH. CHHTE3 HAHOYACTHHOK Cpibia
MOKHA OIITHMI3yBaTH 34 JOIIOMOIOK MeTo0JI0Tii moBepxHi Biaryky (RSM), saxa 3abesmedye crucTeMaTUUHMHA T
e)eKTUBHUN ITIIXIT 10 BU3HAYECHHS 1eaJIbHUX AapaMeTpiB MPoIecy IJIs OTPUMAHHS 0a/KaHUX HAHOYACTHUHOK.
¥V nmamiit poGoTi IJIST OITHUMI3AI] YMOB CHHTE3Y JJIs OTPUMAHHSI HAHOYACTHHOK CPi0sia 3acTOCOBYBAJIACA METO-
nmoJtoris moBepxHi BiAryky (RSM) — menTpoBanuii menTpaibHuit Kommosutauit qusaita (FCCD). Byso mocoi-
JIPKEHO 3MIHHI, 1110 BIUIMBAIOTH HA CHHTE3 HAHOYACTHHOK CpPibJia, BKIIIOUAIOYM KOHIIEHTPALI0 IPEeKypcopa, KOH-
IIEHTPAITI0 BITHOBHUKA Ta 4Yac peakiri. CHHTe30BaHI HAHOYACTUHKY CpPi0Jia, OTPUMAHI B IIbOMY JOCJOIMKEHHI,
Maui poamip 10,99 HM 1 MakcuMaIbHy H0BKUHY XBiinl 450 HM. Ha ocHoBi TpuBuMipHMX rpadikiB MOKHA IIPO-
aHaJIi3yBaTH BILIUB 1 B3a€MOIII0 MK KOHIIEHTPAIIIEI HITPATy cpibiia, KOHIIEHTPAIE acKOPOIHOBOI KHUCJIOTH
Ta YaCOM peaKilii. 3arajiom, Iie JOC/IIIPKeHH J1ae IIHHY 1H(popMAallio 11010 OIITUMI3allii CHHTe3y HAHOYACTUHOK
cpibiia 3a JOIOMOT0I0 METOJO0JIOTI IT0BEPXHI BIATYKY, IO MOXKe IIPU3BECTH 10 PO3POOKK eEeKTHBHUX METO/IIB
BUPOOHUIITBA HAHOUACTUHOK 3 HATlepe]] 3aJaHUMHU BJIACTUBOCTSIMHU.

Kurouosi ciiosa: Hanouacturkwm cpibia, Merosmosmorist moBepxHi BiAryky, LleHTpasibHmil KOMIO3UTHIH JU3aMH.
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