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Gold nanoparticles (AuNPs) are well known as free radical scavengers, which may
induce cell damage, triggering degenerative diseases and premature aging. This
research aims to assess the antioxidant activity of AuNPs synthesized via the
electrodeposition method, employing cyclic voltammetry on a Fluorine-doped Tin
Oxide (FTO) substrate. By varying the initial voltage, the resulting AuNPs exhibit
variations in both particle size and number. In this study, AuNPs demonstrated

Dol promising antioxidant potential, particularly at an initial voltage of -1 V, as
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of up to 36.80%.

evidenced by their ability to respond to DPPH radicals, yielding a percent inhibition

Keywords: antioxidants, electrodeposition, gold nanoparticles.

1. Introduction

Antioxidants are compounds capable of delaying,
controlling, or inhibiting the autooxidation process [1].
Antioxidants are compounds that function as cellular
defenders against the harmful effects of free radicals. By
donating electrons to neutralize the unpaired electrons of
free radicals, antioxidants disrupt the chain reaction of free
radical formation, thereby mitigating the oxidative stress
that leads to cellular damage [2].

The effectiveness of natural antioxidants and certain
synthetic antioxidants is constrained by factors such as
poor absorption, limited ability to traverse cell
membranes, and susceptibility to degradation during
transportation. The advancements in nanotechnology
have facilitated the utilization of nanoparticles derived
from inorganic materials as novel antioxidants exhibiting
enhanced properties [3].

Gold nanoparticles (AuNPs) are among the numerous
nanomaterials known for their potential as antioxidants.
These nanoparticles are recognized for their ability to

scavange free radicals, which are implicated in cellular
damage, leading to the onset of degenerative diseases and
premature aging [4]. Numerous studies have
demonstrated that the kinetic activity of radical
scavenging, both in vivo and in vitro, indicated that AuNPs
serve as potent antioxidants, exhibiting a notable capacity
for scavenging reactive oxygen species (ROS) in living cells
[3]. When compared with natural antioxidants, synthetic
antioxidants made from AuNPs exhibit three times more
effective antioxidant activity [5] and do not have
carcinogenic effects in the body [4].

The AuNPs are commonly employed as support agents
for various applications, and they are typically synthesized
using biosynthesis methods [6-10]. Nevertheless, this
approach necessitates considerable energy consumption
and high cost [11]. In addition, the synthesis of AUNPs using
the colloidal phase biosynthesis method involves a phase
that cannot solely account for AuNPs as an antioxidant;
instead, it is also influenced by other compounds [12- 16].
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One of the most attractive alternative methods is the
electrodeposition method. This method has been proven
by many researchers to be capable of synthesizing AuNPs,
resulting in the deposition of AuNPs onto the substrate
surface to form a thin film [17-21]. The method provides
several advantages, including simplicity, speed, and cost-
effectiveness. Furthermore, it offers the ability to control
the particle size, crystallographic orientation, mass,
thickness, and morphology of the nanostructured
materials by adjusting the operating conditions and bath
chemistry [22]. The utilization of cyclic voltammetry is
frequently observed in the process of electrodeposition
synthesis to produce nanomaterials. Cyclic voltammetry
allows for control over the deposition process by adjusting
the potential within a range of values [23].

Therefore, this research aims to determine the
response of antioxidant activity to AuNPs, which serve as
the primary antioxidants. These antioxidants are
synthesized using the electrodeposition method with cyclic
voltammetry techniques, resulting in AuNPs with either a
solid or thin film phase. This synthesis process avoids the
use of additives containing antioxidant compounds.
Consequently, the study aims to observe the mechanism
of AuNPs acting as single antioxidants.

2. Materials and Method

The materials used in this research are HAuCls.3H20,
H2S04, DPPH (2,2-diphenyl-1-picrylhydrazyl) and Fluorine-
doped Tin Oxide glass as a substrate.

The AuNPs synthesis process was conducted using 15
mL of 0.5 mM HAuCls-3H20 in 0.5 M H2SO4 as an electrolyte
solution, employing a cyclic voltammetry technique with a
scan rate of 100 mV/s, 50 cycles, a final voltage of 1.5V,
and varying the initial voltage. The initial voltage variations
used were as follows: -0.25V, -0.4V, -0.75V, -1V, and -1.5
V. AuNPs were synthesized on an FTO substrate, which
functioned as the working electrode, while the platinum
plate served as the counter electrode, and Ag/AgCl was the
reference electrode. All treatments were conducted at
room temperature (25°C). After the electrodeposition
process was completed, the AuNPs deposited on the FTO
substrate were removed from the cell, rinsed with distilled
water, and dried.

The obtained AuNPs were subsequently subjected to
characterization using an energy-dispersive X-ray
spectrometer (EDX, Qxford Instrument: Xplore 15) and a
Scanning Electron Microscope (SEM) (Thermoscientific:
Quanta 650) to analyze their elemental composition and
morphology. Concurrently, the determination of particle
size was carried out utilizing ImageJ software. In addition,
the characterization of the AuNPs structure involved the

use of X-ray Diffraction (XRD) (Panalytical AERIS) analysis,
to investigate the crystalline nature of the nanoparticles.

The DPPH assay was employed to assess the
antioxidant activity of AuNPs, with measurements taken
using a Microplate Reader Spectrophotometer (Thermo
Scientific: Elisa Reader). The AuNPs, measuring 5 mm x 15
mm, were positioned in microplate-24 wells and then
immersed in 1.3 ml of 100 uM DPPH solution dissolved in
ethanol. Subsequently, the specimen was shaken and
incubated in a spectrophotometric instrument with
various incubation times ranging from 15 to 150 minutes.
Absorbance readings were taken every 15 minutes.
Following this, experimentation was conducted by
scanning wavelengths in the range of 300 to 750 nm.

The determination of DPPH inhibition percentage was
carried out according to equation (1)

% Inhibition of DPPH = [(C-S/C)] x 100% 1)

Where C is the absorbance of the DPPH control and S
is the absorbance of the DPPH-AuUNFs solution at 516 nm.

3. Results and Discussion
3.1. AuNPs Characterization

3.1.1. XRD
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Figure 1. XRD diffraction patterns of AuNPs

The XRD characterization utilized a Cu-K-Alphal
radiation source (A = 1.540598 A), operating at a potential
of 40 kV and a current of 15 mA. The AuNP/FTO samples
underwent scanning from 5° to 100° (26). Based on the
XRD data acquired (Figure 1), Au crystals were identified
through diffraction peaks at 20 values of 38.24, 44.45,
64.68, 77.69, and 81.86. According to the Crystal Open
Database COD No. 96-901-1614, these peaks correspond
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to reflection planes (111), (002), (022), (113), and (222),
respectively, from face-centered cubic Au crystal.
Additionally, there is a diffraction peak attributed to the
indium tin oxide (ITO) substrate.

3.1.2. EDX & SEM

The EDX result confirmed the presence of gold
nanoparticles on the surface of the FTO substrate. Figure 2
illustrates the spectrum of gold nanoparticles (AuNPs),
revealing signals within the energy range of 2.1 and 8.5 -
11. keV. In addition, the spectrum indicated the presence
of other elements originating from the FTO substrate,
specifically tin (Sn) and silicon (Si).

Figure 2. EDX spectrum of AuNPs

The SEM results of AuNPs deposited under different
voltages are depicted in Figure 3, along with a histogram
that illustrates the distribution of particles per unit area.
Furthermore, the analysis of the relationship between
potential with particle size and particle number is
presented in Table 1. The AuNPs deposited at an initial
voltage of -1 V produce evenly distributed particles with an
average size of 60.95 nm. The dominant shape is spherical,
with some particles appearing to overlap, and a high
density between the particles. The total number of
particles produced is 100,496,943/mm?2.

Subsequently, upon decreasing the voltage to -0.75 V,
the particles exhibited an increase in size to an average of
92.22 nm, displaying a spherical shape, and the particle
density was measured at 51,000,266/mm?2. Further
reduction of the voltage to -0.4 V results in uneven particle
distribution, increased in size with an average size of
185.39 nm, an irregular or flower-like shape, and a low
density between the particles. The number of particles
decreases to 4,947,550/mm?.
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Figure 3. SEM analysis of AuNPs deposited and histogram of
particle distribution per unit area at various lower potential (a) -
0,25V, (b)-0,4 V, (c) -0,75V, (d) -1V, and (e) -1,5 V

Continuing the voltage reduction to -0.25 V, smaller
particles were generated, with an average size of 132. 79
nm and irregular morphology, accompanied by a notably
low interparticle density. The number of particles
produced is relatively small, totaling 5,432,759/mm?2.

Decreasing the initial voltage to -0. 25 V has the dual
effect of narrowing the voltage range and reducing the
particle deposition time. It is hypothesized that the
restriction on particle growth leads to a decrease in the
overlap of nuclei [24]. As a result, the particles
demonstrate minimal overlap, preventing the formation of
larger particles through particle fusion. This phenomenon
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leads to a decrease in the number of particles as they fail
to unite and retain their distinct individual entities.

Table 1 The relationship between potential with particle size and
particle number.

Sample Particle size (hnm)  Particle number/mm?
-0,25V 132,79 5.432.759
-0,4V 185,39 4.947.550
-0,75V 92,22 51.000.266

-1v 60,95 100.496.943
-15Vv 43,83 42.533.926

Nevertheless, an increase in voltage from -1V to -1.5V
led to a non-uniform distribution of particles with an
average size of 43. 83 nm and irregular shapes. The
particles tended to aggregate, forming islands with a
relatively high density between them. Furthermore, the
total number of particles produced was 42,533,926/mm?,
Raising the initial voltage to -1. 5 V impairs the rate of
nucleation of Au and restricts its formation to localized
regions on the FTO substrate, thereby yielding a limited
quantity of particles. It can be inferred that the application
of an initial voltage of up to -1. 5 V is suboptimal for
achieving the desired level of nucleation on the surface of
the FTO substrate. However, it appears adequate to
provide the particles with sufficient time to undergo
growth and aggregation processes [24].

3.2 Antioxidant Activity Test

As depicted in Table 2 below, the sample manifesting a
voltage variation below -1V exhibits the highest inhibition
value, notably 36.80%. This observation implies that the
synthesized AuNPs possess remarkable antioxidant
capabilities. This phenomenon arises from the ability of
AuNPs to transfer electrons to DPPH free radicals, resulting
in the reduction of DPPH to a stable non-radical compound
[25].

Table 2 The relationship between potential and percent
inhibition in the DPPH method after 150 minutes of incubation.

Sample Inhibition (%)
-0,25V 15,02
-0,4V 26,73
-0,75V 26,87
-1v 36,80
-1,5V 28,06
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Figure 4 displays a reduction in the DPPH absorbance value
for each sample of AuNPs. This study demonstrates the
DPPH inhibitory activity of AuNPs, which can subsequently
be quantified as a percentage inhibition to determine the
optimal antioxidant power of the AuNPs.
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Figure 5. Spectrum UV-vis spectra of DPPH control and AuNPs
samples tested after incubation 15, 75, and 150 minutes, also
The inhibition percent of AuNPs synthesized at different lower
potentials.

The scavenging mechanism involves  AuNPs
transferring their electrons and stabilizing the nitrogen
atom present in DPPH through mutual binding [6].
Moreover, the formed bond is a coordinated covalent
bond between gold (Au) and nitrogen (N), resulting in the
qguenching of the radical nature of the DPPH compound, as
the N atom is stabilized by the Au atom in this state [26].
The following is a presumed mechanism for reducing DPPH

free radicals by AuNPs:
N |
hl,' N—Au"

O,N NO,

+ A —
O,N NO,

NO, NO,
Figure 6. Mechanism of reducing DPPH free radicals by AuUNPs

The process of scavenging DPPH free radicals is
characterized by a color change from purple to yellow,
indicating the transformation of DPPH free radicals into a
more stable compound [6].

By the SEM results, the sample subjected to an
initial voltage of -1 V demonstrates the most
substantial percentage of inhibition, attributed to its
small particle size and highest particle count
compared to other samples. Moreover, the sample
exhibits uniform particle distribution and relatively
high density. At a voltage of -1.5 V, the produced
particles are even smaller. Still, the number of
particles distributed is very minimal and uneven,

resulting in a decrease in the percentage of inhibition.
Subsequently, as the voltage is reduced to -0.25 V,
the produced inhibition percentage also decreases.
This is attributed to the larger size of the particles
generated and the reduced particle count. This result
indicates a positive correlation between the
reduction in particle size of AuNPs and the
enhancement of antioxidant activity. This reduction
results in an increased surface area, which in turn
promotes an enhanced interaction between AuNPs
and radicals. This leads to a high antioxidant activity
[27].

By the SEM results, the sample subjected to an initial
voltage of -1 V demonstrates the most substantial
percentage of inhibition, attributed to its small particle size
and highest particle count compared to other samples.
Moreover, the sample exhibits uniform particle
distribution and relatively high density. At a voltage of -1.5
V, the produced particles are even smaller. Still, the
number of particles distributed is very minimal and
uneven, resulting in a decrease in the percentage of
inhibition. Subsequently, as the voltage is reduced to -0.25
V, the produced inhibition percentage also decreases. This
is attributed to the larger size of the particles generated
and the reduced particle count. This result indicates a
positive correlation between the reduction in particle size
of AuNPs and the enhancement of antioxidant activity. This
reduction results in an increased surface area, which in
turn promotes an enhanced interaction between AuNPs
and radicals. This leads to a high antioxidant activity [27].

Moreover, the number of particles is directly
proportional to the percent inhibition, indicating that a
higher production of AuNPs particles leads to increased
scavenging of radical species, thereby enhancing their
antioxidant activity. Additionally, it was observed that
longer incubation times resulted in a higher percent
inhibition. This phenomenon can be attributed to the
extended interaction between the AuNPs and radicals,
allowing more gold particles to effectively quench the
radicals [28].

4. Conclusion

Gold nanoparticles (AuNPs) synthesized through
electrodeposition at varying voltages demonstrated
promising potential as antioxidants, as evidenced by their
ability to quench DPPH radicals. The DPPH test findings
indicate that the synthesis of small-sized AuNPs with a high
particle count at a voltage of -1 V effectively inhibits DPPH
radicals, reaching up to 36.80%.
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