
 

Published by The Center for Science Innovation   34  

 

Chemistry and Materials 

 

  Research Article  Chem. Mater. 4 (1) 2025, 34-42 
 

PtSnNi Trimetallic and Their Catalytic Activities in Ethanol 
Electrooxidation 

 
Hilman Syafei1,*, Raudhatul Hadawiyah2, Mulya Muhammad Nur3 

 

1 Department of Physic, Faculty of Mathematics and Naturals Sciences, Universitas Indonesia, Kampus UI Depok, 
Depok 16424, Indonesia 

2 The Center for Science Innovation, No. 40 BC Arva Building, Jl. RP. Soeroso, Jakarta Pusat 10350, Indonesia  

3 Department of Chemistry, King Fahd University of Petroleum & Minerals, Dhahran, 31261, Saudi Arabia  

* Corresponding author: hilman.syafei@ui.ac.id 

  
Received 
9 January 2025 

Received in revised form 
4 February 2025 

Accepted 
25 February 2025 

Published online 
28 February 2025 

DOI 
https://doi.org/10.56425/cma.v4i1.90 
 

 
Original content from this work may be 
used under the terms of the Creative 
Commons Attribution 4.0 International 
License. 

Abstract 
The declining availability of fossil fuels and their environmental impacts have driven 
the search for cleaner, renewable energy alternatives, such as direct ethanol fuel 
cells (DEFCs). However, the widespread application of DEFCs faces challenges due 
to the complex kinetics of ethanol electrooxidation, necessitating the development 
of effective catalysts. Platinum (Pt) is widely regarded as the most effective catalyst 
for this process. However, its use is hindered by high costs and susceptibility to 
poisoning by intermediates formed during the ethanol electrooxidation reaction. 
To address these issues, the addition of Sn and Ni to the Pt catalyst is expected to 
enhance its performance. In this study, PtSnNi trimetallics were synthesized using 
the electrodeposition method. The samples were then characterized using scanning 
electron microscopy-energy dispersive spectroscopy (SEM-EDX) and 
electrochemical tests to evaluate their catalytic activity and stability. The SEM 
image reveals that PtSnNi2 has the smallest particle size compared to other PtSnNi 
samples. Additionally, the results indicate that PtSnNi2, with a composition of 73% 
Pt, 26% Sn, and 1% Ni, exhibits the optimal electrolyte concentration, leading to the 
highest catalytic activity and stability. This is evidenced by the lowest Rct, lowest Ib/If 
ratio, and highest current density in the ethanol oxidation reaction. 
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1. Introduction 

Conventional fuels, derived from fossil resources or 

coal and used daily, are becoming increasingly scarce and 

may eventually be depleted. In addition to their scarcity, 

these fuels significantly contribute to climate change and 

greenhouse gas emissions, posing serious environmental 

challenges [1,2]. The reliance on conventional fuels can be 

addressed by transitioning to renewable fuels, which also 

help reduce carbon emissions. One promising alternative 

is ethanol fuel, often utilized in direct ethanol fuel cells 

(DEFCs) [3–6]. DEFCs have been extensively studied as a 

replacement for conventional fuels and as an alternative to 

other energy sources like hydrogen [7–9] and methanol 

[10,11]. Ethanol, a type of alcohol, is advantageous 

because it can be easily produced through the 

fermentation of biomass, yielding large quantities [12–15]. 

Additionally, ethanol offers higher energy output 

compared to hydrogen and methanol due to its two C-C 

bonds, which provide significant energy yields while 

maintaining lower toxicity [3]. 

DEFCs offer numerous environmental benefits, but 

they require serious attention due to challenges associated 

with breaking the C-C bonds during ethanol oxidation 

reaction (EOR) [16]. This process demands high activation 

energy and is hindered by the formation of intermediates, 

which pose significant obstacles to DEFC development. 

Consequently, enhancing DEFC performance necessitates 

a focused effort on optimizing the catalysts used in the EOR 

process [17]. 

http://creativecommons.org/licenses/by/4.0/
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Catalysts play a crucial role in enhancing catalytic 

activity during the EOR process. Various metals, including 

Pt [18], Pd [19], Co [20], Ni [21], Au [22], Cu [23], and 

others, have been extensively studied for their 

effectiveness in DEFC systems. Noble metals like Pt have 

demonstrated excellent catalytic activity. However, their 

performance tends to decrease as the EOR process 

progresses. This is primarily due to the inhibition of active 

sites caused by CO adsorption as an intermediate phase 

[24,25]. Additionally, the high cost of Pt presents another 

challenge in its widespread use. To address these issues, 

combining Pt with other metals to form bimetallic or 

trimetallic catalysts is a promising approach to improve its 

performance while potentially reducing costs [26,27]. 

Enhancing catalyst performance to a trimetallic 

composition for the EOR process offers a promising 

solution to the limitations of Pt-based catalysts. 

Incorporating metals that are more abundant in nature, 

such as Co [28], Sn [29], and Ni [30], has drawn significant 

attention due to their potential to improve catalytic 

performance. Sn and Ni are oxophilic metals, meaning they 

facilitate the dissociation of water into OH⁻, which is 

essential for oxidizing intermediates during the EOR 

process [25]. 

Sun et al. [31] demonstrated that Pt₇₃Sn₂₇ exhibits 

higher activity and stability during the EOR process 

compared to commercial Pt/C catalysts. Similarly, Luo et al. 

[32] reported that a PtNi trimetallic with a Pt:Ni ratio of 1.7 

showed enhanced catalytic activity. Further research by 

Mauer et al. [33] revealed that PtSnNi, as a trimetallic 

catalyst, not only outperforms commercial Pt/C but also 

surpasses bimetallic with various compositions, making it 

a compelling candidate for EOR applications. This research 

can be further expanded to investigate the composition of 

PtSnNi trimetallic catalysts to determine the optimal ratio 

for enhancing EOR performance. The composition of Pt 

and Sn will be adjusted, as variations in their proportions 

may lead to different EOR outcomes [34,35] 

In this study, the composition of the PtSnNi catalysts 

were investigated using the electrodeposition method. 

This technique is a quick and straightforward approach for 

manipulating the sample size and morphology [36]. The 

research was focused on combining Pt, Sn, and Ni 

electrolyte solutions to determine the optimum 

composition of PtSnNi for the EOR process, with an 

emphasis on maximizing catalytic activity and stability. 

 

 

 

2. Materials and Method 

2.1 Materials 

PtSnNi is synthesized with metal precursors K₂PtCl₆ 

(99% purity, sigma-aldrich), SnCl₂ (98% purity, sigma-

aldrich), NiSO₄·6H₂O (99% purity, sigma-aldrich). The 

solvent used through electrodeposition is H₂SO₄ (96% 

purity, Sigma-Aldrich), and HCl (37%, Merck). 

Electrochemical characterization in the EIS process used 

KCl (98% purity, Merck), while the EOR process used 

ethanol (98% purity, Merck) and NaOH (Merck). For 

substrate, Cu (1.5 cm, diameter 0.5 cm) is used. All the 

distilled water used in this research is high-purity water.  

2.2 Methods 

2.2.1 Synthesize of PtSnNi 

The Cu substrate was ultrasonicated for 10 minutes in 

distilled water, then cleaned and dried. The PtSnNi solution 

was prepared under the following conditions: (i) K₂PtCl₆ 

and NiSO₄·6H₂O were dissolved in 5 mL of H₂SO₄, and (ii) 

SnCl₂ was dissolved in 10 mL of HCl. The solution was then 

varied into several concentrations, as shown in Table 1. 

The solution was placed into the chamber for the 

synthesis process. Synthesis was conducted at a voltage of 

-1.5 V for 10 minutes. The synthesized material was 

subsequently cleaned and prepared for characterization 

and electrochemical testing. 

Table 1. Concentration of Pt, Sn, and Ni of each sample. 

Sample 
Concentration (M) 

Pt Sn Ni 

PtSnNi1 0.001 0.009 0.02 
PtSnNi2 0.0025 0.0075 0.02 
PtSnNi3 0.005 0.005 0.02 
PtSnNi4 0.0075 0.0025 0.02 

 

2.2.2 Characterization 

The PtSnNi trimetallic sample was characterized using 

scanning electron microscopy with energy-dispersive X-ray 

spectroscopy (SEM-EDX) to analyze the morphology and 

composition of PtSnNi. 

2.2.3 Electrochemical tests 

PtSnNi samples were evaluated for their catalytic 

activity and stability. The first test, electrochemical 

impedance spectroscopy (EIS), was conducted to measure 

the impedance of the samples. Linear sweep voltammetry 

(LSV) was performed to assess the reaction kinetics 

through the Tafel slope. The EOR test was carried out using 
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the cyclic voltammetry (CV) method with a solution of 1.0 

M ethanol and 1.0 M NaOH (25 mL) for 1000 cycles to 

evaluate the stability. 

3. Results and Discussion 

Figure 1 shows the XRD diffraction pattern of PtSnNi. 

The peak at 38.11° corresponds to Pt with the (111) plane, 

confirming its face-centered cubic (FCC) structure [18,37]. 

Additionally, peaks at approximately 43°, 51°, 74°, 90°, and 

95° are attributed to the copper substrate, as referenced 

in COD ID 7101269. The PtSnNi phase is not clearly visible 

in the XRD characterization due to the small size and rod-

like shape of the substrate. 

 
Figure 1. XRD pattern of PtSnNi/Cu. 

Figure 2 presents micrographs of PtSnNi samples 

synthesized with varying solution compositions. The 

corresponding compositional data are provided in Table 2. 

The PtSnNi samples generally exhibit a spherical 

morphology. However, notable differences in particle 

distribution are observed among the samples. For PtSnNi1, 

PtSnNi3, and PtSnNi4, the particles tend to cluster at 

specific sites and exhibit relatively large sizes. In contrast, 

PtSnNi2 displays a more uniform particle distribution 

across the substrate.   
 

Table 2. Composition of Pt, Sn, and Ni in all sample. 

Sample 
Composition (wt%) 

Pt Sn Ni 

PtSnNi1 13% 77% 10% 
PtSnNi2 73% 26% 1% 
PtSnNi3 90% 8% 2% 
PtSnNi4 93% 4% 3% 

 

The composition of PtSnNi is strongly influenced by the 

concentrations of precursors. In the progression from 

PtSnNi1 to PtSnNi4, the concentration of Pt increases, 

while that of Sn decreases. This trend is reflected in the 

corresponding increase in the Pt percentage in the 

samples. Pt²⁺ ions have a lower reduction potential 

compared to Sn and Ni ions, resulting in a significantly 

higher deposition of Pt [38,39]. Additionally, Pt has higher 

electronegativity compared to Sn and Ni enhances its 

tendency to attract electrons, leading to a higher electron 

density around the Pt atoms. This difference in 

electronegativity causes external electrons from Sn and Ni 

atoms to be drawn towards Pt, effectively reducing the 

concentration of Sn and Ni in the trimetallic [40]. 

 

 
Figure 2. SEM images and EDX point analysis of PtSnNi samples: 
(a,e) PtSnNi1, (b,f) PtSnNi2, (c,g) PtSnNi3, and (d,h) PtSnNi4. 

Figure 5 presents the EOR results of the PtSnNi 

displayed as voltammogram graphs. An anodic peak is 

observed in all catalysts, confirming that the 

electrooxidation of ethanol occurs in alkaline media [43]. 

Two distinct peaks are present in each curve, 

corresponding to the forward and backward scans. 
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The forward scan peak appears at potentials ranging 
from -0.1 V to 0.4 V, while the backward scan peak is 
observed between -0.3 V and -0.1 V. The pronounced peak 
in the forward scan is attributed to the oxidation of 
chemical species resulting from the adsorption of ethanol 
onto the catalyst surface. In contrast, the backward scan 
peak corresponds to the removal of intermediate 
substances that were not fully oxidized during the forward 
scan [44].  

The precursor concentrations and solution 

composition also play a critical role in the particle growth 

process. The use of H₂SO₄ in the synthesis promotes the 

conductivity and reduction of Pt and Ni, while HCl stabilizes 

Sn ions, reducing the extent of Sn reduction. Consequently, 

a lower concentration of HCl decreases the Sn content in 

the trimetallic, while increasing the Pt precursor 

concentration leads to a higher Pt content. 

 

 

 

Figure 3. Nyquist plot of PtSnNi with different composition. 

Figure 3 presents the Nyquist plots for all PtSnNi 

samples. Each plot exhibits a semicircle, indicative of 

charge transfer resistance (Rct). The Rct values are 

summarized in Table 3. Among the samples, PtSnNi2 

demonstrates the lowest Rct, consistent with the SEM 

characterization. A lower Rct value indicates a faster 

reaction rate. This is attributed to its superior morphology, 

uniform particle distribution, and smaller particle size 

compared to the other PtSnNi samples. Additionally, the 

elemental composition significantly influences Rct due to 

the synergistic effect of Sn and Ni in facilitating the removal 

of intermediate species.  

 

 

Table 3. Rct of the various synthesized PtSnNi alloy catalysts 

determined from the recorded Nyquist Plot.  

Sample Rct (Ω) 

PtSnNi1 3.636 
PtSnNi2 2.040 
PtSnNi3 3.099 
PtSnNi4 3.450 

 

Figure 4 shows LSV curves obtained using ethanol and 

NaOH solutions to evaluate the catalytic activity of the 

catalysts. The results produce a Tafel slope graph, as 

shown in Fig. 4b. The Tafel slope is used to analyze the rate 

and mechanism of electrocatalytic reactions, representing 

the number of millivolts (mV) required to increase the 

current by a factor of 10, expressed in mV/dec [41]. The 

Tafel slope values for the PtSnNi1, PtSnNi2, PtSnNi3, and 

PtSnNi4 catalysts are 88 mV/dec, 158.67 mV/dec, 113.7 

mV/and 64.61 mV/dec, respectively. A lower Tafel slope 

value indicates faster reaction kinetics, as a smaller 

overpotential is required to achieve higher current 

densities [41,42].  

PtSnNi4 exhibits the lowest Tafel slope, attributed to its 

high Pt content, as confirmed by EDX composition analysis, 

providing the most active sites for the reaction and 

resulting in the highest reaction kinetics. Similarly, 

PtSnNi3, which has a high Sn content, also shows rapid 

reaction rates due to the efficient oxidation of 

intermediates facilitated by Sn. In contrast, PtSnNi2, with 

a composition of 73 wt.% Pt, has the highest Tafel slope 

value. This is because the active Pt sites are balanced with 

Sn active sites, which primarily oxidize intermediate 

species that do not directly contribute to ethanol 

oxidation. This balancing limit the ability of the catalyst to 

sustain fast kinetics, resulting in a higher Tafel slope. 

Figure 5 also compares the performance of each PtSnNi 

catalyst at its highest cycle, highlighting the differences in 

catalytic activity among the samples. The PtSnNi2 catalyst 

has the highest current density, namely 117.25 mA/cm2, 

indicating that this catalyst can produce a greater current 

during ethanol electrooxidation compared to other 

compositions. A low Ib/If ratio is also shown by the PtSnNi2 

catalyst, namely 0.1508, which indicates that this catalyst 

has an efficient ability to oxidize intermediate products 

such as CO [45]. With a low Ib/If ratio, this catalyst is not 

easily poisoned by CO, which increases the overall 

efficiency of ethanol oxidation making it more stable than 

other catalysts [46]. In addition, the low onset potential for 

this catalyst, namely -0.213 V, indicates that the ethanol 

electrooxidation reaction starts at a lower potential so that 

the reaction can occur with less energy [47]. 
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Figure 4. (a) LSV curves of PtSnNi and related (b) Tafel slope of 

experimental under 1.0 M ethanol and 1.0 M NaOH.  

The EIS results further support the CV test findings, 

showing that the PtSnNi2 catalyst has the lowest Rct value. 

A low Rct indicates efficient and rapid electron transfer 

between ethanol molecules and the catalyst [48]. These 

findings align with SEM data, which confirm that the 

morphology and particle size of the PtSnNi2 catalyst are 

superior to those of other catalysts, resulting in the best 

catalytic activity and stability. 

The PtSnNi2 catalyst has the smallest and most uniform 

particle size compared to other PtSnNi catalysts, which is 

closely related to the amount of current produced. The 

smaller and more uniform the particles, the greater the 

number of active sites available for the ethanol 

electrooxidation process. Additionally, PtSnNi2 catalysts 

have a spherical shape and lack agglomeration, as 

agglomeration can reduce their catalytic activity [49]. 

In contrast, the PtSnNi1 catalyst exhibits a less ideal 

morphology, with particles resembling ice flowers. This 

morphology promotes agglomeration, leading to a 

reduced active surface area and diminished reaction 

efficiency. The superiority of the Pt₇₃Sn₂₆Ni₁ catalyst over 

those with different compositions can be attributed to the 

optimal role and balance of its constituent elements. 

The PtSnNi2 catalyst exhibited the best performance 

compared to other synthesized catalysts. Pt serves as the 

primary active element in the ethanol electrooxidation 

reaction. The relatively high Pt content in PtSnNi2, at 73%, 

ensures the availability of numerous active sites for 

ethanol oxidation. However, an excessively high Pt 

content, such as 90% and 93%, reduces activity due to 

insufficient Sn and Ni content, which limits the 

enhancement of reaction efficiency. Conversely, a very low 

Pt content, as in the catalyst with 13% Pt, results in too few 

active sites, thereby hindering efficient oxidation and 

reducing catalytic activity [50]. 

 

Figure 5. EOR test for all PtSnNi samples. 

In addition to the active sites of Pt, Sn plays a critical 

role in preventing COads poisoning by forming oxides that 

oxidize CO to CO₂ [51–53]. Low Sn contents, such as 4% and 

8%, are ineffective at mitigating CO poisoning. On the 

other hand, an excessively high Sn content, such as 70 wt.% 

in PtSnNi1, decreases catalytic activity because Sn and its 

oxides have poor electronic conductivity, thereby lowering 

overall cell performance. The Ni element, present at 1 

wt.% in PtSnNi2, contributes by breaking C-C bonds in the 

ethanol molecule, enhancing reaction efficiency. However, 

SEM results indicate that a high Ni content, such as 10% in 

PtSnNi1, leads to agglomeration, which reduces the active 

surface area and negatively impacts catalytic performance. 

 

(a 

(b 
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Table 4. Representation of EOR test in PtSnNi samples. 

Sample j (mA/cm2) 
Onset 

potential 
(V) 

Ib/If 

PtSnNi1 9.70 -0.283 0.7954 
PtSnNi2 117.25 -0.213 0.1508 
PtSnNi3 62.84 -0.238 0.3185 
PtSnNi4 53.47 -0.243 0.3966 

 

4. Conclusion 

PtSnNi trimetallics were successfully synthesized using 

the electrodeposition method with various compositions. 

The PtSnNi2 sample, with Pt, Sn, and Ni compositions of 73 

wt.%, 26 wt.%, and 1 wt.%, respectively, exhibited a 

spherical morphology with the smallest particle size and 

uniform distribution. The results of the EOR test 

demonstrated that PtSnNi2 generated a higher electric 

current compared to the sample with the highest Pt 

composition. This improvement is attributed to the 

synergistic effect between Pt, Sn, and Ni, which facilitates 

the oxidation of intermediate species, thereby enhancing 

the catalytic performance of the PtSnNi catalyst. These 

findings offer new trimetallic PtSnNi catalysts with high 

activities toward EOR and its stability. This study is crucial 

to the improvement of catalyst for EOR test in the future 

that can be further developed by manipulating the size and 

morphology. 
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