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Abstract

Gold nanoparticles (AuNPs) were found to act as antioxidants owing to their
inert, high stability, biocompatibility, and non-cytotoxic. The present
investigation involved the synthesis of gold nanoparticles through the
electrodeposition technique on a substrate comprising Fluorine-doped Tin
Oxide (FTO). By manipulating the scan rate parameter, an effective approach
can be employed to facilitate precise management of particle morphology and
size. The obtained shape of AuNPs were spherical and irregular. In this study, it
was observed that gold nanoparticles elicited potent inhibition, particularly at
a scan rate of 150 mV/s, with a markedly high inhibition value of 41.27%. The
outcome was further supported by the increase of particles distribution density
per unit area, which measured as 149,635,036.5/mm?.
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1. Introduction

Degenerative diseases have emerged as the biggest
contributor to mortality rates worldwide. According to the
World Health Organization, approximately 17 million died
from the disease. Biochemists commenced investigating
and elucidating the cause of oxidative metabolic
dysfunctions in human beings via the utilization of
quantitative calculations. The root cause of the
aforementioned  phenomenon stems from an
overabundance of free radicals within cellular tissue, which
causing premature aging, cellular impairment, and the
incurable disease [1]. These free radicals that may cause
oxidative stress in cellular metabolism are commonly
called reactive oxygen species (ROS) [2].

An antioxidant substance is conceptually defined as a
compound that has the ability to either directly scavenge
reactive oxygen species (ROS) or indirectly modulate the
expression of antioxidant defence mechanisms in order to

suppress ROS production [3]. Commonly, antioxidant is
derived from nature or synthetic. However, several
drawbacks have been noted from these antioxidants
among others inadequate antioxidant efficiency,
unfavourable flavour or odour, potential degradation
during the processing stage, susceptibility to radio
sensitization, high toxicity especially for synthetic
antioxidant and low aqueous solubility [4].

Currently, there is a promising alternative antioxidant
known as gold nanoparticle (AuNPs). Numerous studies
have reported AuNPs possess antioxidant qualities, which
effectively mitigate the detrimental effects of oxidative
stress that contributes to the formation of ROS [5-8].
These nanoparticles exhibit inertness, robust stability,
biocompatibility, as well as non-cytotoxic properties [9].

A variety of physical, chemical, and biological
methodologies are employed for synthesizing AuNPs. Each
of these methods exhibits its own limitations, which

Published by The Center for Science Innovation

51


https://www.scirp.org/journal/articles.aspx?searchcode=Research+Centre+for+Pharmaceutical+Ingredients+and+Traditional+Medicine%2c+National+Research+and+Innovation+Agency+(BRIN)%2c+Kawasan+PUSPIPTEK+Serpong%2c+Tangerang+Selatan+Banten+15314%2c+Indonesia&searchfield=affs&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Research+Centre+for+Pharmaceutical+Ingredients+and+Traditional+Medicine%2c+National+Research+and+Innovation+Agency+(BRIN)%2c+Kawasan+PUSPIPTEK+Serpong%2c+Tangerang+Selatan+Banten+15314%2c+Indonesia&searchfield=affs&page=1
https://doi.org/10.56425/cma.v2i2.60
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Suliasih et al. / Chem. Mater. 2 (2) 2023, 51-55

Chemistry and Materials

include high costs, potentially harmful effects, demanding
labor requirements, and various other factors [10]. In this
research, we propose an electrodeposition method for
synthesizing AuNPs in the form of nanofilm (AuNFs). The
utilization of this approach presents various advantages,
including but not limited to high purity, reduced cost,
accelerated processing, higher deposition rates, ability to
overcome shape-related constraints, as well as elimination
of the need for after-deposition treatments [11]. Several
parameters can be applied in this technique to modify the
size and shape of AuNPs. The size and shape of the gold
nanoparticles determine their optical, physical, and
chemical properties. Moreover, this morphology has the
potential to exert significant impacts on various
phenomena, such as the enhancement of Raman
scattering at surfaces (also known as Surface-enhanced
Raman scattering or SERS) and the resonance of plasmons
at interfaces (referred to as surface plasmon resonance)
[12]. Therefore, this research will investigate the effect of
scan rate parameters to the morphology of AuNFs which
further contribute to its antioxidant capacity.

2. Materials and Method

A set of materials were employed which included
HAuCls. 3H20 (Sigma-Aldrich), H2S04 (Merck), C:HsOH
(Merck), NaOH (Merck), KCI (Merck), 2,2-diphenyl-1-
picrylhydrazyl (Merck), and distilled water. In addition, a
fluorine-doped tin oxide glass (FTO) as a substrate was
procured from NSG Pilkington.

The synthesis was performed using 15 mL of 0.5 mM
HAuCls.3H20 in 0.5 M H2S04 as the supporting electrolyte,
employing cyclic voltammetry technique at a scan rate of
100 mV/s. Subsequently, several scan rates were set within
the optimum potential range generated under the
previous conditions which was -0.5 V — 0.75 V. The
variations in scan rates were as follows: 50 mV/s, 100
mV/s, 150 mV/s, 250 mV/s, and 300 mV/s. AuNPs were
synthesized on an FTO substrate that functioned as a
working electrode, while platinum was used as the counter
electrode, and Ag/AgCl as the reference electrode. All
treatments were carried out at room temperature of 25 °C.
After the electrodeposition process was completed, the
substrate was removed from the cell, rinsed with deionized
water, and dried again.

The obtained AuNFs were then characterized by energy
dispersive X-ray spectroscopy (EDX, Oxford Instrument
Xplore 15) and Scanning Electron Microscopy (SEM,
Thermoscientific Quanta 650) to investigate its elemental
composition and morphology, respectively. The particle
size was subsequently determined by ImageJ Software.

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) in vitro test
method was used to evaluate the antioxidant activity of
AuNFs  which examined by microplate reader
spectrophotometry (Thermo Scientific™ Multiskan™ GO
Microplate). AuNFs with 3 mm x 4.25 mm in size were
placed in a 24-well plate and filled with 0.75 ml of a 250
MM DPPH solution dissolved in ethanol. Subsequently, the
samples were incubated in the spectrophotometry
equipment for various time intervals of 30, 45, 60, 75, and
90 minutes. Prior to measurement, the samples were
agitated by shaking. The percent inhibition of DPPH was
determined using the similarfollowing equation (1).

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

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

3. Results and Discussion
3.1. Characterization of AuNFs

The EDX spectrum confirms the formation of AuNFs on
the surface of FTO. In Fig. 1, the spectrum shows signals of
Au at 2.2 and 9.8 keV. In addition to Au, there are also
spectra of other elements originating from FTO glass,
namely Sn and Si.
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Figure 1. EDX Spectra of AuNFs
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The results of the SEM analysis of AuNFs deposited at
various scan rates and histogram of particle distribution
per unit area are shown in Fig. 2. This SEM analysis
revealed that gold nanoparticles, which were deposited at
a scan rate of 50 mV/s, manifest a particle density per unit
area of 66,909,975. 67/mm? and tend to exhibit a spherical
morphology with a diverse range of sizes, as depicted in
Fig. 2a. Upon an elevation in scan rate up to 100 mV/s, the
shape of the particle becomes irregular form and tends to
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have a similar size with a particle distribution per unit area
of 98,053,527.98/mm? (Fig. 2b). The morphology of the
particles exhibits a predominantly spherical shape, with
minor incidences of irregular shaped particles in smaller
sizes. However, the enhancement in scan rate to 150 mV/s
results in a notably homogeneous distribution of the
particles and particle distribution per unit area of
149,635,036. 5/mm, as depicted in Fig. 2c. When subjected
to scan rates of 250 mV/s and 300 mV/s, the particles
demonstrate comparable circular morphology with small
sizes. The results indicate that the number of particles per
unit area for 250 mV/s and 300 mV/s is 122,627,737.
2/mm?and 114,111,9221/mm?, respectively, as illustrated
in Fig. 2d and 2e.
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Figure 2. SEM analysis of AuNFs deposited at various scan
rates and histogram of particle distribution per unit area.

The phenomenon of particle growth at varying scan
rates showed that the increased scan rate triggers a
shortened period of deposition process. The acceleration
of the particle growth process occurs subsequent to
nucleation, leading to non-growth particle and only appear
in a spherical shape [13]. In the study conducted by Gao,
et.al [14], it was found that extended periods of deposition
gave rise to a progression in the morphology of particles
from a spherical to an irregular configuration.

3.2. Antioxidant capacity test

All samples showed good response from DPPH in vitro
test. Fig. 3 shows a decrease in the absorbance value of
DPPH in each sample. This indicates the presence of
antioxidant activity, which is further calculated as the %
inhibition to identify the most optimal sample.
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Figure 3. UV—-vis spectra of DPPH control and AuNFs
samples synthesized at different scan rate (a) 50 mV/s, (b)
100 mV/s, (c) 150 mV/s, (d) 250 mV/s, (e) 300 mV/s, (f) The
inhibition percent of AuNFs synthesized at different scan
rate.

Based on the graph of inhibition values, the sample at
the scan rate of 50 mV/s which has spherical and fewer
particles compared to other samples shows an inhibition
value of 17.93%. At a scan rate of 100 mV/s, the observed
inhibition value was 22.91% with particles exhibited an
irregular morphology and were reasonably distributed
throughout the sample. At a scan rate of 150 mV/s,
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particles with an irregular shape possess a percentage
value of 41.27%. This particular specimen demonstrates
the most homogenous dispersion and exhibits the greatest
number of particles when compared to other samples. At
a scan rate of 250 mV/s, the particles showed a more
spherical morphology and a tendency to disperse in a
group formation with a corresponding inhibition value of
38.03%. At a scan rate of 300 mV/s, the sample also
showed spherical particle morphology with an inhibition
efficacy of 20.45%. This specific sample exhibits a lower
incidence compared to the remaining particles.

The sample that underwent treatment with a scan rate
of 150 mV/s and possessed the highest number of particles
exhibited the greatest degree of inhibition, as indicated by
the highest percentage of inhibition observed. The number
of particle value is positively correlated with the
concentration of gold nanoparticles, whereby an increase
in the number of particles results in a corresponding
increase in concentration that contribute to increase of
antioxidant capacity [15].

4, Conclusion

Gold nanofilms were successfully synthesized using the
electrodeposition method with variations of the scan rate.
The findings from the SEM analysis demonstrated that the
fabricated gold nanoparticles possess heterogeneous
particle distributions and present with structurally
irregular and spherical morphologies. According to the in
vitro DPPH assay result, it can be inferred that the sample
treated with a scan rate of 150 mV/s displayed the greatest
antioxidant capacity, attaining an impressive value of
41.27%. The assertion was corroborated through analysis
of the collected data, whereby it was revealed that the
studied sample exhibited the most substantial particle
number of 149,635,036.5 particles/mm?2.
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