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Abstract 

Gold nanoparticles and platinum nanoparticles are considered to be effective 
antioxidants due to their ability in inhibiting free radicals. In this research, AuPt 
nanoparticles were synthesized using a square wave pulse deposition method by 
varying the lower potential (EL). The XRD results stated that AuPt nanoparticles had 
formed on the FTO substrate. The shape of AuPt nanoparticles is an irregular sphere 
in SEM-EDX characterization. EDX characterization also concluded that AuPt 
nanoparticles had formed on the FTO substrate. Antioxidant testing using the DPPH 
test resulted the largest inhibition value for AuPt NPs, with a lower potential of -0.6 
V and the inhibition activity of 77.17%. 
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1. Introduction 

      The effectiveness of natural antioxidants and some 
synthetic antioxidants is limited because they are poorly 
absorbed, difficult to pass through cell membranes, and 
degraded during shipping, making them less effective. 
However, some nanoparticles from metal materials can be 
used as new antioxidants with superior characteristics [1–
3]. 
      Metal nanoparticles have received much attention and 
study in various aspects. Its properties, which can increase 
stability, increase yields, and reduce production costs are 
the reasons for conducting this nanoparticle study. The 
metal that is often used is gold (Au) [4–6]. Gold has low 
cytotoxicity and gold is known for its activity as an inhibitor 
of free radicals, which cause damage to various parts of 
cells that trigger aging [7]. From several reported studies, 
the kinetic behaviour of radical scavenging activity carried 
out in vivo or in vitro shows that gold-nanoparticles 
(AuNPs), which function as antioxidants, have a high 
kinetic effect in scavenging ROS (reactive oxygen species) 
in living cells [1,8]. When compared with natural 
antioxidants, synthetic antioxidants made from gold 
nanoparticles have three times more effective antioxidant 
activity [9] and do not have carcinogenic effects in the 
body [7,10]. 
      Another nanoparticle is platinum nanoparticles (Pt 
NPs). Pt NPs have many uses, including as a catalyst [11–
14] and as an antioxidant to reduce ROS in organisms [15]. 

Many studies have been carried out to examine that Pt NPs 
are also able to inhibit free radicals in the human body. In 
addition, Pt Nps has low cytotoxicity to cells and is not 
easily corroded. Therefore, this research will use the 
combination of gold-platinum nanoparticles (AuPt NPs) for 
the antioxidant activity. 
      There are many methods used for synthesizing 
nanoparticles, such as chemical reduction, Turkevich, 
Brust-Schriffin, seeding growth, and green synthesis [4,16–
19]. However, these methods use large amounts of energy, 
have high costs, use toxic solvents, and can be dangerous 
for the environment [20]. Besides that, the synthesis using 
the Turkevich, or biosynthesis method may lead to a 
discrepancy in antioxidant activity in the sample because 
other compounds are being used. In this research, gold 
nanoparticles will be synthesized using the 
electrodeposition method, which has many advantages, 
such as a fast process, low cost, being free from porosity, 
high purity, being capable of producing various shapes of 
nanoparticles, being capable of producing particle 
structures with sizes ranging in nanometre (nm), being 
easy to control the composition of the mixture, and no 
postdeposition treatment [21–24]. The electrodeposition 
method produces AuPt nanoparticles with a solid or film 
phase that does not use additives, so it does not affect 
antioxidant activity [25]. 
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2. Materials and Method 

      The materials used in this research were HAuCl4 
(Merck), K2PtCl6 (Merck), Ethanol p.a. (Merck), ITO 
substrate, KCl (Merck), and DPPH (2,2-diphyenil-1-
picrylhydrazyl). AuPt NPs were synthesized using the 
electrodeposition method (square wave pulse deposition). 
A 15-mL solution containing 0.8 mM K2PtCl6.6H2O and 0.2 
mM HAuCl4.3H2O and dissolved in 0.1 M KCl electrolyte 
were used in this synthesis. Synthesis was carried out at 
lower potential of -0.1 V, -0.6 V, and -1.0 V, with a synthesis 
time of 10 minutes. Pt wire was used as a counter 
electrode, and Ag/AgCl (KCl 3 M) as a reference electrode. 
Synthesis was carried out at room temperature (25oC). 
      AuPt NPs were characterized by energy dispersive X-ray 
spectroscopy (EDX, Oxford Instrument: Xplor 15) to obtain 
information regarding the composition of Au and Pt. 
Scanning Electron Microscope (SEM, Thermoscientific: 
Quanta 650) to carry out sample morphology analysis. X-
ray diffraction (XRD Panalystical aeris) characterization to 
characterize the AuPt phase formed. 
      The DPPH test was carried out to determine the 
antioxidant activity of AuPt NPs using a microplate reader 
spectrophotometer (Thermo Scientific: Elisa Reader). The 
AuPt thin film was positioned on a microplate reader and 
incubated. The specimen was shaken and measured every 
15 minutes until it reached 210 minutes. Inhibition of DPPH 
is then measured by the formula (equation 1): 

%DPPH inhibition = 
[𝐷𝑃𝑃𝐻]

[𝐶𝑜𝑛𝑡𝑟𝑜𝑙]−[𝐷𝑃𝑃𝐻]
 x 100%  (1) 

The inhibition calculation is then calculated at the 

absorbance peak, which is located at a wavelength of 516 

nm.  

3. Results and Discussion 

Figure 1. XRD diffraction of AuPt NPs. 

      XRD characterization was carried out to determine the 
formation of the AuPt phase in samples synthesized using 
the square wave pulse deposition method. Figure 1 

represents the diffraction patterns of AuPt NPs, Pt NPs, 
and Au NPs. The XRD diffraction pattern of Au NPs is 
located at peaks 38.2o, 44.36o, 64.5o, and 77.52o [26]. 
Peaks for Pt NPs are at 39.7o, 46.2o, 67.4o, and 81.3o (Xiao, 
2004). Reference AuPt samples are at 39.4o, 45.7o, 66.5o, 
and 80.3o[27]. Finally, AuPt samples synthesized at lower 
potential variations are located at 39.5o, 45.7o, 51.7o, 61.7o, 
66.7o, and 80.5o. These results indicate that AuPt has been 
successfully formed in substrate. Additionally, peak at 
38.4o was formed in the diffraction pattern. This peak is 
indicated by the AuNPs phase and is present in all lower 
potential applied samples[28]. Another peak at 51.7o 
comes from the substrate used for sample synthesis. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. FESEM and EDX point analysis on AuPt NPs with lower 

potential application (a,b) -0.1 V; (c,d) -0.6 V; and (e,f) -1.0 V. 

      Figure 2 shows the morphology of AuPt with a spherical 
and irregular shape that is evenly distributed. The smaller 
the potential applied, the more Au and Pt are deposited. In 
addition, the size of AuPt also becomes smaller as the 
negative potential is applied. Nucleation of Pt and Au ions 
occurs at a certain potential, where Pt can nucleate at a 
potential of -0.1 V to -0.2 V and Au nucleates well at a 
potential of -0.4 V. If a more positive potential is applied, it 
will cause a slowdown in nucleation. Therefore, AuPt at EL 
-0.1 V has a relatively small number of particles because 
the applied potential is not very effective for Au and Pt 
nucleation. In addition, the visible SEM morphology of 
AuPt is less, proving that the nucleation of Pt and Au is not 
very effective at this potential. This is in accordance with 
research from Chiang et al [29], which states that gold can 
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be deposited well in the lower potential range below -0.4 
V for gold nanoparticle nucleation and growth. 
Furthermore, the growth of Au and Pt particles occurred 
up to a potential of 1.0 V. 
      EDX point analysis was carried out to confirm the 
formation of Au and Pt elements. The results of the EDX 
analysis are shown in Figure 2. The Pt element signal was 
confirmed at 2.0–2.5 keV, and Au was confirmed at 2.0–2.1 
keV in all EDX spectrum in figure 2b, 2d, and 2f. This is in 
accordance with research from Naderi et al [30], which 
stated that the Au signal on EDX was detected at 2.1 keV 
and Pt at 2.0–2.5 keV.  

 

 

 

 

 

 

 

Figure 3. EDX mapping of AuPt deposited on ITO (a) Au (b) Pt. 

      

      The distribution of AuPt is homogeneously dispersed on 

the substrate, as shown in figure 3 of SEM-EDX mapping. 

The distribution of AuPt is homogeneously due to the 

presence of particles can influence growth and even 

particle size due to limiting particle nucleation, so particle 

growth is better due to the particles have reached 

thermodynamic stability and high electric current [31].  

     The decrease in DPPH absorbance is shown in Fig 4. 

AuPt nanoparticles can transfer electrons to DPPH-free 

radicals, thereby reducing DPPH to a stable non-radical 

compound [32]. The assumed scavenging mechanism is 

that gold nanoparticles will transfer their electrons and 

stabilize the N atoms contained in DPPH by bonding with 

each other [33]. The bond formed is a coordinating 

covalent bond. Therefore, DPPH becomes a non-radical 

compound with significant colour changes from purple to 

light pink in the incubation process for up to 210 minutes. 

The results of the DPPH test were then observed at a 

wavelength of 516 nm, and it is shown in Fig 5. 

 
 

 

 

 
 

 

 

Figure 4. The absorbance curve for each sample of AuPt NPs in 

(a) 15 min, (b) 105 min, and (c) 210 min. 
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Figure 5. Inhibition percentage of AuPt NPs from 15 min to 210 

min. 

 

     The results of this antioxidant activity test showed that 

the largest increase of inhibition percentage decrease in 

concentration was in AuPt NPs with an EL of -0.6 V. The 

result of the percent inhibition is 77.17%, which can be 

seen in Table 1. The highest inhibition percentage was 

achieved at AuPt NPs El -0.6 V due to its size and the total 

amount of particles formed. The particle formed at -0.6 V 

is relatively smaller than at a lower potential of -1.0 V, and 

the number of particles is much greater than at a lower 

potential of -0.1 V, thus affecting the DPPH test results. 

Table 1. Inhibition percentage of AuPt NPs. 

Time 
(min) 

Inhibition (%) 

AuPt –0.1 V AuPt -0.6 V AuPt -1.0 V 

15 15.15 25.33 14.34 

30 22.34 34.84 22.79 

45 28.66 42.48 32.50 

60 33.60 48.61 38.03 

75 37.96 53.71 43.55 

90 41.72 58.14 48.20 

105 45.40 62.02 52.73 

120 48.27 65.10 55.82 

135 51.44 68.08 59.28 

150 54.33 70.68 62.40 

165 56.90 72.85 65.12 

180 58.81 74.48 67.19 

195 60.73 76.01 69.37 

210 62.34 77.17 71.09 

 

 

 

 

4. Conclusion 

      AuPt nanoparticles have been successfully synthesized 
using the square-wave pulse deposition method. XRD 
results confirmed the formation of AuPt in each sample. 
Moreover, the morphology formed in the sample was 
irregular and spherical. The inhibition DPPH test results 
stated that AuPt at a lower potential (EL) of -0.6 V had the 
highest antioxidant value, namely 77.17%, due to its 
relatively small size and large number of particles formed. 
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