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Abstract

Hydroquinone is a hazardous and toxic chemical often added to cosmetics due to bleaching properties. It is commonly analyzed
in cosmetics using expensive and time-consuming instruments, showing the need for a cheap, fast, and sensitive hydroquinone
electrochemical sensor. The performance of electrochemical sensor to detect hydroquinone is determined by the working electrode.
Therefore, this study aimed to explore the synthesis of Au-Pd-NPs working electrode and application as electrochemical sensor of
hydroquinone in cosmetics. Synthesis process was carried out by preparing Au-NPs using banana peel extract (Musa acuminata
Colla) as a bioreductor, followed by adding H,PdCl, solution. Au-NPs nanoparticle was confirmed using Ultraviolet-Visible spec-
trophotometer, which showed maximum wavelength of 550 nm. The indication of Au-Pd-NPs was shown by the peak at the same
wavelength. The FTIR spectrum showed pectin which acted as a bioreductant agent in synthesis of nanoparticles. The results of the
TEM image showed that Au-NPs had a spherical shape in the dark field with a diameter of 38.5 + 3.3 nm and a Pd shell layer around
the Au core in the bright field with a diameter of 12.4 + 2.6 nm. The solid Au-Pd-NPs materials were made into a composite electrode
by adding PVC and tetrahydrofuran as solvents. Electrochemical response of Au-Pd-NPs electrode was tested by cyclic voltammetry
in ferricyanide and PBS solutions at pH 7.0. Based on CV in the ferricyanide system, it shows that Au-Pd-NPs electrode produces peak
oxidation and reduction currents ten times higher than Au-NPs. These data indicate that Au-Pd-NPs are more reactive and sensitive
than Au-NPs electrodes. The Au-Pd-NPs electrode was used to analysis the concentration of hydroquinone in cosmetics samples.
Electrochemical response showed a linearity (R?) of 0.9935 in concentration range of 0-60 mM, containing 1.12% hydroquinone.
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1. INTRODUCTION

A total of 39 types of cosmetics were identified in 2016 by
the Food and Drug Supervisory Agency (BPOM). These in-
cluded 25 local and 14 imported product brands containing
hazardous chemicals, dominated by decorative cosmetics and
skin care products. Many of these products contain 46.16% red
dye rhodamine B as well as 17.95% hydroquinone and mer-
cury (Nurhan et al., 2017). However, the use of hydroquinone
has been prohibited as a bleach in cosmetics in the Regula-
tion of the Head of BPOM in 2011 concerning Technical
Requirements for Cosmetic Ingredients (Chakti et al., 2019).
Hydroquinone is widely used as a skin bleach by inhibiting
the formation of melanin through the enzyme tyrosinase and
skin depigmentation. Although hydroquinone is capable of
treating hyperpigmented skin, long-term use can have harmful
effects such as inflammation or irritation of the skin, damage to

melanin-producing cells, ochronotic, post-inflammatory, and
nail discoloration (Adebajo, 2002). Based on the European
Commission, the use of hydroquinone has been banned in
cosmetics (Siddique et al., 2012; Elferjani et al., 2017). Ac-
cording to Cosmetic Safety Regulation of the EU, a significant
proportion is permitted at concentrations of approximately 2%
(Lin et al., 2005).

Several studies have shown that hydroquinone is carcino-
genic and mutagenic, with a high level of toxicity. It is low
in decomposition, causing harmful effects on humans, ani-
mals, and the environment. Hydroquinone toxicity can cause
severe side effects such as kidney and liver damage, cancer,
blood poisoning, nausea, stomach pain, seizures, and coma
(Wang et al., 2017; Elferjani et al., 2017). Dermatologists have
shown that long-term use of products containing this chemical
causes accumulation in the body capable of damaging the outer
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protective layer of the skin and temporary or permanent skin
discoloration. This phenomenon damages nerves, leading to
kidney failure or skin cancer (Westerhof and Kooyers, 2005).
Hydroquinone can cause neurological effects including dizzi-
ness and headaches, ringing in the ears, severe confusion or
dazedness that makes it difficult for sufferers to focus and think,
and green to greenish brown urine (Melisa and Jay, 2009).

Several research have been conducted to obtain the best
method for the determination of hydroquinone content. These
include (HPLC) high-performance liquid chromatography
(Desiderio et al., 2000; Pistonesi et al., 2006; Sotomayor et al.,
2022), spectrometry (Lei et al., 2007; Aziz et al., 2007), chemi-
luminescence (Tsai and Chiu, 2007; Mersal, 2009), capillary
electrochromatography (Zhao et al., 2009), and fluorescence
(Khoshroo et al., 2018). Despite the significant contribution,
these methods have many disadvantages such as high opera-
tional costs, complicated sample pretreatment, long analysis
time, limited sensitivity, high detection limits, and require spe-
cial expertise, thereby limiting their application.

In this context, electrochemical sensor method is an alter-
native method for the efficient determination of hydroquinone
levels due to high sensitivity, rapid detection, cost-effectiveness,
and good selectivity (Li et al., 2018; Liu et al., 2018; Du et al.,
2019; Pereira et al., 2020; Bhardwaj et al., 2017; Shore et al.,
2016). The selective and sensitivity of electrochemical sensors
is significantly affected by the conductivity and surface area
of the material used. The performance can be improved by
modifying the electrode with including metal, metal oxides,
various nanomaterials, and carbon materials. Additionally,
gold-palladium (Au-Pd) nanoparticles are bimetallic nanoma-
terials that have been widely used in the biosensor field because
it has high catalytic properties and a large surface area (Ku-
mar and Goyal, 2017). Metal-based nanoparticles have been
widely applied in sensor applications because they have unique
optical properties and sensitive and selective physicochemi-
cal properties. Metal nanoparticles in enhancing the response
in electrochemical sensors through electrocatalytic effects and
electron transfer facilities. Metal nanoparticles can be synthe-
sized with the desired size and shape (Khan et al., 2019). Metal
nanoparticles that can be used in electrochemical sensors are
gold-palladium with a core-shell structure (Au-Pd-NPs).

In this research, the synthesis of Au-Pd-NPs was carried out
using Au-NPs. Au-NPs were synthesized using banana (Musa
acuminata Colla) peel extract as a bioreductor. Banana peel is a
biomass containing starch, lignin, cellulose, hemicellulose, and
pectin which is an important function in chemical synthesis
(Thongnopkun et al., 2018). In addition, banana peels contain
antioxidants such as polyphenols which are higher than fruit,
so it has the potential to be used as a reductant in nanoparticle
synthesis. Banana peel waste has the potential to be used in
nanoparticle synthesis (Chafidz et al., 2020).

© 2025 The Authors.
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2. EXPERIMENTAL SECTION

2.1 Materials and Instrumentation

The materials used included gold bullion (99.999%, Antam),
87% concentrated hydrochloric acid (HCI), 65% concentrated
nitric acid (HNOy), 97% concentrated sulfuric acid (HoSO,),
palladium (II) chloride (PdCly), phosphate-buffered saline
(PBS), tetrahydrofuran (THF), and potassium ferricyanide
(K3[Fe(CN)g]). Other materials were potassium ferrocyanide
(K4[Fe(CN)g]), polyvinyl chloride ((CogHgCl),,), hydroquinone
(CeHgOy), copper wire (Cu), silver conductive paint, banana
peel, cosmetics products, and demineralized water. The in-
strumentation used in this study was Cyclic Voltammetry (CV)
brand gAutolab Type 111, UV-Visible Double Beam Spec-
trophotometer brand Hitachi U-2900, Fourier Transform In-
fraRed (FTIR) brand Nicolet Avatar 860 IR, and Transmission
Electron Microscopy (TEM) brand Jeol JEM-1400.

2.2 The Extraction of Banana (Musa acuminata Colla) Peel

Banana (Musa acuminata Colla) peel extract was made by clean-
ing the banana peel and cutting into small pieces, weighing 30
g, and putting it into a beaker. The material was then dissolved
in 100 mL of demineralized water and then heated for 30
minutes at 80 °C. The mixture obtained was filtered and the
banana peel extract solution as a reducing and stabilizing agent
was made with a concentration of 5% (v/v).

2.3 Preparation of Chloroauric Acid HAuCly, and HoPdCl,
Solution

HAuCl, 50 mM solution was made from 0.5 g of gold metal
put into a beaker, followed by adding 40 mL of HCI 87%, and
10 mL of HNOg 65%. The mixture was stirred in a fume
hood and heated to allow for acid evaporation. Subsequently,
the solution obtained was added with demineralized water to
a volume of 50 mL. Another HAuCl; 50 mM solution was
made by taking 2.5 mL of 50 mM HAuCly stock solution and
putting in a 25 mL measuring flask, which was added with 0.2
M HySOy solution. Amount 44.5 mg of PdCly solids were
dissolved in 20 mM HCI, heated, and stirred to obtain a 10
mM H2PdCl4 solution (Liu et al., 2015).

2.4 Synthesis of Au-Pd-NPs

Au-NPs synthesis was carried out by taking 1 mL of 5 mM
HAuCl, and adding 100 mL of 5% banana peel extract. The
mixture was stirred for 1 hour until a red-purple color was
produced. Meanwhile, Au-Pd-NPs synthesis was carried out
by adding Au-NPs solution to 10 mM HgPdCl, 4:1 (v/v))
and then stirring at 35 °C for 2 hours until a brown solution
was produced, showing successful synthesis. The Au-Pd-NPs
solution was heated until dry and the powder was formed.

2.5 Preparation of Au-Pd-NPs Working Electrode
Au-Pd-NPs working electrode was prepared by adding 2.5 mg
of PVC powder to 47.5 mg of Au-Pd-NPs powder (ratio 5:95

(% w/w)), stirred until homogeneous. The mixture was added
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with 8 drops of THF solution, dried, pressed using a 1 cm di-
ameter mold and heated at 50 °C for 1 hour. Silver conductive
paint was applied to electrode surface, connected with copper
(Cu) wire, and dried for 24 hours at room temperature. The
Cu wire was inserted into a glass pipe and the part in contact
with the solution was covered with epoxy. The working elec-
trode was left for 24 hours at room temperature before use,
followed by characterization of banana peel extract, Au-NPs,
and Au-Pd-NPs using UV-visible spectrophotometer, FTIR,
and TEM. Synthesis steps of HAuCl4, Au-NPs, Au-Pd-NPs,

and preparation as working electrode of Au-Pd-NPs are shown

in Figure 1.
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Figure 1. Synthesis Steps of HAuCl,, Au-NPs, Au-Pd-NPs and
Preparation as Working Electrode Au-Pd-NPs

2.6 Electrochemical Response of Au-Pd-NPs Electrode
The activity of Au-Pd-NPs electrode was analysis using cyclic
voltammetry (CV) in ferricyanide solution. The solution used
was Kg[Fe(CN)gl/K4[Fe(CN)g] 10 mM solution (1:1 molar ra-
tio) with 1 M KCl electrolyte. The potential measurement was
carried out at -0.65 to 0.5 V with a scan rate of 0.01-0.03 V/s.
Subsequently, 1.1 g of hydroquinone was weighed, dissolved in
demineralized water, and put into a 100 mL volumetric flask to
obtain a 100 mM hydroquinone stock solution. Hydroquinone
working solutions with concentrations of 0, 10, 20, 30, 40, 50,
and 60 mM. A total of 25 mL hydroquinone was added with 5
mL of PBS solution (pH 7.0) analyzed by cyclic voltammetry.
Hydroquinone analysis was carried out by dissolving 1 g of
cosmetics sample in 20 mL of demineralized water, stirring
for 10 minutes, filtering, and analyzing by cyclic voltamme-
try. Measurement of hydroquinone concentration in cosmetics
samples was performed in duplicate (two repetitions) with a
potential of -0.5 to 1 V and a scan rate of 0.015 V/s.

3. RESULT AND DISCUSSION

3.1 Characterization of Banana Peel Extract, Au-NPs, and
Au-Pd-NPs

Figure 2 shows the difference in solution color between HAuCl,,

Au-NPs, and Au-Pd-NPs. The formation of Au-NPs was evi-

denced by the solution color from yellow to purple. After the

analysis of Au-NPs, the formation of Pd layer was continued

© 2025 The Authors.
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by adding HyPdCl, solution. Banana peel extract contained
flavonoids as reducing agents and stabilizing agents, which re-
duced Au®* to Au®. This led to the formation of Au-NPs core,
which was added with the precursor PACl,?". The excess re-
ducing agent of banana peel extract reduced PdCl,%* to Pdo to
form the Pd shell, with brown solution showing Au-Pd-NPs,
as presented in Figure 2c.
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Figure 2. Visual HAuCl, (a), Au-NPs (b), and Au-Pd-NPs (c)
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Figure 3. UV-Visible Spectrum of 5% Banana Peel Extract (a),
Au-NPs (b), and Au-Pd-NPs (c)

Figure 3 shows the spectra of banana peel extract, Au-NPs,
and Au-Pd-NPs from synthesis process. Generally, most metal
nanoparticles produce surface plasmon resonance (SPR) ab-
sorption bands because they have free electrons. This is because
the vibrations of electrons resonate with electromagnetic waves
in the form of light waves. Gold has an atomic number of 79,
showing 79 electrons, with an electron configuration of [Xe]
4£145d196s. The outermost electron shell contains one elec-
tron from the s orbital. Meanwhile, palladium has an atomic
number of 46, and contains 10 electrons in the d orbital, with
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an electron configuration of [Kr] 4d'%. The electron configura-
tion of gold and palladium affects the electronic properties of
nanoparticles, including the density of free electrons available
for SPR. Plasmonic nanoparticles (noble metals) are known
to show unique optical properties due to their SPR proper-
ties (Bindhu and Umadevi, 2018). These optical properties
result from the participation of free electron particles in the
collective oscillation of electrons. Free electrons undergo col-
lective oscillations at the interface between the metal and the
dielectric material to produce SPR. When light interacts with
a metal surface, it drives s-electrons and d-electrons to higher
energy levels or electron excitation, thereby creating collec-
tive oscillations. The frequency of incident light matches the
natural frequency of collective electron oscillations, which can
cause resonance. This resonance causes increased absorption
or scattering of light, leading to characteristic dips or peaks
in the absorption spectrum. The intensity of the SPR band
and wavelength are influenced by several factors such as the
density of electron charge on the particle surface. According
to Mie Theory, the electron charge density is influenced by
the type of metal, shape, particle size, dielectric constant of the
surrounding medium, composition, and structure (Huang and
El-Sayed, 2010).

In this study, initial detection was carried out to determine
whether nanoparticles were formed through visual observation
of solution color change. This change was caused by SPR excita-
tion on the surface of metal nanoparticles. When synthesizing
the Au-NPs core, there was a color change from pale yellow to
purplish, which showed the formation of Au-NPs. Synthesis
of Au-Pd-NPs continued through the formation of Pd shell,
where there was a color change from purple to brown. This
was followed by the analysis of Au-Pd-NPs using a UV-Visible
spectrophotometer to ensure the formation of nanoparticles.
Gold and palladium nanoparticles showed strong SPR bands
in the visible region, while others had broad and weak bands
in the UV region (Huang and El-Sayed, 2010). The formation
of Au-NPs and Au-Pd-NPs in the synthesized colloids was
evaluated at a wavelength ranging from 500-550 nm. The
appearance of this absorption peak showed the SPR charac-
teristics of nanoparticles. The UV-Visible spectra of banana
peel extract showed the presence of reductive compounds of
flavonoid group, which were marked by a medium peak in the
UV region. The UV-Visible characteristics of Au-NPs synthe-
sized from banana peel extract were shown from the appear-
ance of a medium peak at a wavelength of 550 nm. This was
comparable to the low concentration of reductive compounds
contained in banana peel extract, where lower absorption value,
correlated with the number of gold particles. The formation of
Au-Pd-NPs was indicated by the disappearance of the peak in
the 550 nm region, showing a reduction in the characteristics
of Au-NPs due to Pd skin formation.

Figure 4 shows the FTIR spectra of banana peel extract,
Au-NPs, and Au-Pd-NPs. Banana peel used in this study com-
prised carbohydrate polymers (562.6%), which were mainly com-
posed of lignin (9.13%), cellulose (34.61%), hemicellulose (6-

© 2025 The Authors.
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Figure 4. FTIR Spectra of (a) Banana Peel Extract, (b)
Au-NPs, and (c) Au-Pd-NPs

8%), and pectin (1.92-3.25%). It also contained antioxidant
compounds such as flavonoids (8.35%), tannins (29.01%), alka-
loids (3.30%), and phenols (0.56%), serving as potential biore-
ductant agents in nanoparticle synthesis (\maga et al., 2007).
However, not all these compounds could be dissolved in water
during the process of making banana peel extract. This was
because only chemicals such as pectin, tannin, and phenol were
soluble in water, playing an important role in the mechanism
of nanoparticle synthesis.

The FTIR spectra showed that the absorption peak at wave
number 8407 cm™ was a special hydroxyl group (O—H) of
carboxylic acid, related to the —OH of pectin structure or from
water adsorption. The C—H functional group of alkanes was
identified at wave number 2934 ¢cm!, related to the —CH
vibration in aliphatic hydrocarbons. The C—O group of car-
boxylic acid or ester was also identified at a wavelength of 1052
em L. The absorption bands appearing at 1898 cm™! and 1595
cm™! refer to aromatic C=C, related to the vibration of the
COOH group of pectin. The high intensity of the peaks at
1898 ecm™! and 1595 em™! compared to the peak at 1728 cm™!
showed that the carboxylate group was ionic. Subsequently, an
absorption peak appeared at 986 cm™ and 617 cm™! due to
the C—H vibration of carbohydrates. This showed that banana
peel extract, namely pectin played a role in the nanoparticle
synthesis process (Dmochowska et al., 2020).

The addition of HAuCl, and HyPdCl, to banana peel ex-
tract caused a reduction, which was shown by the appearance
of a peak in the wave number area of 1728 cm™'. This was
associated with the formation of the C=0O group, showing the
possible inclusion of banana peel extract. During this process,
the chemicals in banana peel extract interacted with metals to
allow the formation of nanoparticles (Bar et al., 2009). Accord-

Page 297 of 302



Riyanto et. al.

Science and Technology Indonesia, 10 (2025) 294-302

Label Area Mean Min Max Angle | Length
Mean 6.665| 17.496 0.502| 102.888| -41.441| 38.504
SD 0.569 2.375 0.585| 26.874| 64.413 3.309
Min 5.826| 15.326 0] 56.882| -140.404 33.62
Max 7.64| 23.223 1.461 136| 50.826| 44.224
‘g 2.5
8 2.0
* * Diajmeter z:\m) “ -
Label Area Mean Min Max Angle | Length
Mean 2.121| 129.976| 109.077| 164.863 2.035| 12.356
SD 0.434| 30.997| 32.484| 30.817| 51.379 2.559
Min 0.977 32.06| 15.193| 46.751| -108.435 5.518
Max 3.419| 172.245| 155.075 218| 110.376] 19.931
20+
= 15
S

S

16 18 20

8 10 12 14

Diameter (nm)

6 22

Figure 5. TEM Imaging, the Size and Distribution Particle of (a) Au-NPs and (b) Au-Pd-NPs

ing to Dmochowska et al. (2020), there were additional peaks in
the spectrum of Au-NPs and Au-Pd-NPs. The appearance of
an absorption peak around the wave number of 617 cm™! was
similar to the absorption band of banana peel extract adsorbed
on the surface of materials.

TEM imaging results of Au-NPs and Au-Pd-NPs are shown
in Figure 5. Based on the results, Au-NPs core had a spherical
shape in the dark field with a diameter of 38.5 + 8.3 nm (Figure
5a) and a Pd shell layer around the Au core in the bright field
(Figure 5b) with a diameter of 12.4 + 2.6 nm. The size and dis-
tribution of particles were processed using Image-] and Origin
software. The results of the analysis obtained the distribution
of particles of Au-NPs and Au-Pd-NPs shown in Figures 5a
and 5b on the right. This showed a significant difference, where
the particle size of Au-Pd-NPs was smaller than that of Au-NPs
due to variations in synthesis methods and the properties of the
materials (Zhan et al., 2011). The size of gold nanoparticles
could be influenced by synthesis conditions, such as solution
pH, temperature, and the presence of stabilizers (Sangwan and
Seth, 2021). These factors caused variations in the nucleation
and growth processes of nanoparticles, leading to larger particle
sizes, and a significant impact of Pd shell around the gold core.
Synthesis of core-shell nanoparticles often includes fine con-
trol of the shell thickness to achieve desired properties, such as

© 2025 The Authors.

catalytic activity or stability (Zhang et al., 2022). The Pd shell
could limit the growth of gold core, leading to a smaller overall
nanoparticle size compared to AuNPs. Additionally, steric hin-
drance provided by ligands attached to the nanoparticles could
limit growth, particularly for those with a core-shell structure
(Kapil et al., 2021). Ligands also showed the potential to create
a physical barrier preventing further aggregation or growth,
leading to smaller nanoparticles. The reaction mechanisms of
Au-NPs and Au-Pd-NPs synthesis are shown in Figure 6.

3.2 Electrochemical Response of Au-NPs and Au-Pd-NPs

Electrochemical performance of Au-Pd-NPs working electrode
was evaluated using CV in the ferricyanide system. The poten-
tial range used during testing was -0.65 to 0.5 V and the scan
rate varied from 0.01 to 0.03 V/s. The reduction-oxidation
reaction that occurred in the [Fe(CN)g]/K,[Fe(CN)¢] solution
system was the reaction:

[Fe(CN)g]*™ = [Fe(CN)(]*™ + e (oxidation)

[Fe(CN)G]?’_ +e” — [Fe(CN)6]4_ (reduction)
Figure 7 shows the voltammogram cyclic of Au-NPs and
Au-Pd-NPs electrodes in ferricyanide solutions. Oxidation

peaks were observed at potential between 0.15 to 0.25 V and
reduction peaks at -0.6 to -0.35 V. This showed the occurrence
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Figure 6. Reaction Mechanism in the Synthesis of Au-NPs (a) and Au-Pd-NPs (b)
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Figure 7. Voltammogram of Electrochemical Response of Au-NPs (a) and Au-Pd-NPs (b) Electrodes in
K3[Fe(CN)gl/K4[Fe(CN)g] Solution with Scan Rate of 0.010 (a) 0.015 (b) 0.020 (c) and 0.025 V/sec, with 1M KCI Electrolyte

of a reversible redox reaction in ferricyanide solutions in 1 by diffusion. The [Fe(CN)]3*/[Fe(CN)g]* ions interacted
M KCI. The redox couple [Fe(CN)¢]?/[Fe(CN)¢]* is a fast  with the nanoparticles’ surface and formed a chemisorption
electrochemical reaction with a 1 electron transfer process. layer on the electrode surface, providing a signal to form a
The relationship between the scan rate and the peak oxidation  voltammogram. Based on electrochemical response, the Au-
current showed that electron transfer from the ferricyanide  Pd-NPs electrode showed potential for use as an electrode for
solutions system to the nanoparticles surface was controlled  hydroquinone analysis.
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Figure 8. Voltammogram of Au-Pd-NPs Electrode Against 10 mM Hydroquinone Solution (a) 0-60 mM Hydroquinone (b)
Calibration Curve (c) and Cosmetics Cream Sample (d), with Phosphate-Buffered

3.3 Application of Au-Pd-NPs for Hydroquinone Analysis
Figure 8a shows the response of Au-Pd-NPs to hydroquinone
with PBS electrolyte at pH 7.0, ensuring the appearance of
hydroquinone oxidation peak. Meanwhile, Figure 8b shows
the voltammogram with variations in hydroquinone concen-
tration. The appearance of oxidation peak at a potential of
0.5 V (Figure 8a) shows that the bimetallic metal nanoparticle
electrode (Au-Pd-NPs) has good catalytic and conductivity
properties suitable for use as electrocatalyst. At this potential,
hydroquinone is oxidized on the surface of Au-Pd-NPs work-
ing electrode. The presence of Au and Pd metals facilitates
the electron transfer process to become faster, leading to the
production of higher oxidation peak during testing. Figure 8c
shows a linear regression equation with an R? value of 0.9935,
which indicates that hydroquinone concentration is directly
proportional to the oxidation current peak.

The results of cosmetics cream sample tests carried out in
the first and second repetitions were shown in Figure 8d, which
obtained hydroquinone levels of 1.84% and 1.31%, respec-
tively. These values were within the permitted limit according
to Cosmetic Safety Regulation of the EU, which allowed a max-
imum concentration of 2% (Lin et al., 2005). This method
has a LOD and LOQ of 0.07% and 0.11%, respectively. This

method also has very good accuracy with a Relative Percent

© 2025 The Authors.

Difference (5RPD) of 2.26%. This %RPD is still acceptable
because it is lower than 0.5% Horwitz’s relative standard devia-
tion (0.5% RSD Horwitz) of 7.67%. However, the limitation
observed was the wide oxidation and reduction peak of the
composite. Electrochemical response of the working electrode
was also influenced by electrolytes, the charge transfer reaction
at the electrode interface, as well as size and shape of electrode

(Gonzdlez et al., 2022).

4. CONCLUSIONS

In conclusion, this study showed that banana peel extract could
be used as bioreductor agent for synthesis of Au-NPs and Au-
Pd-NPs, as confirmed by the characterization methods, in-
cluding UV-Visible Spectrophotometer, FTIR, and TEM. The
addition of Pd metal to Au-NPs had a positive effect on the
particle size and enhanced the performance of nanoparticles.
Based on electrochemical response, Au-Pd-NPs electrode was
better than Au-NPs, making it an alternative electrode for de-
tecting hydroquinone in cosmetics. For further optimization
of Au-Pd-NPs performance, the development of composite
electrode with small surface area was recommended to obtain
a sharp peak.
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