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Commercial carbon supported platinum-ruthenium alloy (Pt50Ru50) was selected and employed as the 

target catalyst for the methanol electrooxidation. The performance Pt50Ru50/C in methanol oxidation 

could be easily enhanced by over 3 times after it was treated in the acetic acid under hydrothermal 

condition for 2 hours. The structure of this commercial carbon supported platinum-ruthenium alloy was 

well characterized by X-ray diffraction, transmission electron microscopy and X-ray photoelectron 

spectroscopy. In addition, the data from inductively coupled plasma optical emission spectrometry 

confirmed that a loss of Pt and Ru to some extent was observed and however, the molar ratio of Pt and 

Ru was kept as well as more fine particles were obtained. Our catalytic results suggested that the 

oxidation of ruthenium was one key point for the enhancement of catalytic ability, possibly due to the 

fact that after acetic acid treatment, more ruthenium oxides were presented, which could provide more 

active hydroxyl species and thus enhanced the catalytic ability. The dissolved oxygen in the acetic acid 

possibly led to the formation of Ru oxides and nearly had effect on the Pt. The present work expected 

that it could provide a new insight and facile method to increase the performance of commercial 

electrocatalysts for direct methanol fuel cell. 
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1. INTRODUCTION 

Platinum (Pt) based materials are demonstrated to be efficient catalysts in various fields of 

electrocatalysis.[1-2] However, due to the high cost, the employment of Pt was limited to a large extent. 

Accordingly, different methods have been developed to reduce the usage of Pt as well as in increase the 

activity. For examples, the synthesis of alloys is considered to be one promising way and PtCu as well 

as PtNi with different structures were prepared. [3-5]  
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Furthermore, PtRu alloys also represent a kind of very important catalysts in direct methanol fuel 

cell, due to the fact that on the one hand, the presence of Ru species in PtRu alloys could favor the 

formation of active hydroxyl species with watermolecule and on the other hand, easily induce the rupture 

of H–O bonds adsorbed at the neighboring Pt atom [6-10]. In addition, it was revealed that the RuOx 

species in the PtRu alloys could further enhance the methanol oxidation ability in comparison with the 

metallic Ru, possibly due to the fact that the RuOx species are more efficient to provide the hydroxyl 

groups. The mechanism of methanol electrooxidation over PtRu catalysts had been well established as 

“bifunctional mechanism” [11,12]. Based on the above information, various kinds of PtRu nanomaterials 

such as alloys, heterostrctures and nanodendrites were reported in order to increase the methanol 

oxidation ability [13,14]. However, in spite of the structure and competent modification, it is still a 

challenge to improve the performance of PtRu based electrocatalyst, especially the commercially 

available catalysts with facile methods. Herein, the present work provided a solution for increasing the 

catalytic activity of commercial Pt50Ru50 as an example by acetic acid, which is cheap and highly 

available.   

 

 

 

2. EXPERIMENTAL  

2.1 Materials  

The commercial Pt50Ru50/C (Pt 50%, Ru 50%, Atomic wt%) was purchased from Alfa Aesar. 

Glacial acetic acid was analytically pure. 

 

2.2. Sample preparation 

50 mg Pt50Ru50/C was added into 10 mL PTFE-lined reactor with 5 mL glacial acetic acid and 

then was treated at 393 K for 2 h before cooling to room temperature. The treated sample was washed 

by ethanol for 3 times by centrifugation and finally dried under vacuum overnight for further use (A-

Pt50Ru50/C). The untreated Pt50Ru50/C was used as reference (B-Pt50Ru50/C). 4.0 mg Pt50Ru50 before and 

after treatment was added into 1.0 mL ethanol with 5% nafion. After ultrasonic treatment for 30 min, a 

10 μL dispersion of the sample was drop-cast onto a glassy carbon electrode. 

  The solutions for Inductively Coupled Plasma Optical Emission Spectrometry were prepared as 

following: 2.4 mg of the untreated and treated samples were put into a 10 mL PTFE-lined reactor with 

3.00 mL aqua regia and then was treated at 413 K for 1 h before cooling to room temperature. All the 

solutions were diluted to 50.00 mL for the analysis.  

 

2.3 Characterization 

X-ray diffraction (XRD) patterns were recorded on XD3, Beijing. X-ray photoelectron 

spectroscopy (XPS) was performed with a Thermo ESCALAB 250 instrument with a monochromatic 

Al Ka (hv =1486.6 eV) X-ray source. The morphologies of the sample were examined by transmission 
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electron microscopy (TEM), using a JEOL JEM-2010 LaB6 operated at 200 kV. The high-resolution 

transmission electron microscope was performed on JEOL JEM-ARM200F, which was operated at 200 

kV. Inductively Coupled Plasma Optical Emission Spectrometry (ICPAES) analyses were performed in 

instruments' Center for Physical Science, University of Science & Technology of China. 

 

2.4 Electrocatalytic study 

The electrochemical catalytic activities of the samples were studied by using a three-electrode 

system on a CHI 600 dual channel electrochemical workstation. A platinum wire and an Ag/AgCl (3 M 

KCl) electrode were used as the counter electrode and the reference. Cyclic voltammetry (CV) was 

conducted in the supporting electrolyte for multiple cycles until a stable curve was obtained in a 0.5 M 

H2SO4 solution containing 1 M CH3OH. The CV was performed at room temperature and the potential 

was swept between –0.2 and 1.2 V at a rate of 50 mV s–1. The chronoamperometry was recorded at a 

bias voltage of 0.8 V for 2000 s. 

 

 

 

3. RESULTS AND DISCUSSION 

First of all, the A-Pt50Ru50/C and B-Pt50Ru50/C were analyzed by XRD and the patterns were 

displayed in Figure 1. As shown, no obvious difference from the patterns was noticed, indicating that 

the acetic acid treatment did not modify the crystallinity of the sample and no observable leaching of Pt 

and Ru could be detected. Furthermore, the modification of particle size and composition could not be 

obtained from XRD and thus, TEM and XPS analysis were performed in the following. 
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Figure 1. XRD patterns of A-Pt50Ru50/C and B-Pt50Ru50/C. 

 

The morphology of untreated Pt50Ru50 was observed by TEM as shown in Figure 2A. As it can 

be seen, aggregated particles were presented and the HRTEM image in the inset revealed that the lattice 

distance was 0.222 nm, which corresponded to the (111) faces. It is worth mentioning that this value was 
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very close to that reported in the previous work and it is suggested that the ratio between Pt and Ru in 

the sample is close to 50:50 [9]. After the acetic acid bath, more fine particles were obtained as shown 

in Figure 2B and the lattice distance of the treated PtRu sample was 0.223 nm, which was nearly the 

same as the untreated, indicating that the acetic acid did not obviously cause the change of the ratio 

between Pt and Ru in the alloy.  

However, it is important to get an idea about the weight of Pt and Ru in the samples before and 

after acetic acid to understand the structural modification observed from the TEM. ICPAES results were 

shown in Table 1.  

 

Table 1. ICP-AES results of the Pt and Ru weight in the A-Pt50Ru50/C and B-Pt50Ru50/C. 

 

State  Pt (μg/mL) Ru (μg/mL) 
Molar ratio 

(Pt/Ru) 

B-Pt50Ru50/C 25.67 12.62 1.08 

A-Pt50Ru50/C 17.79  8.15 1.05 

 

Clearly, although a leaching of the Pt and Ru was noticed (7.88 μg/mL for Pt and 4.47 μg/mL 

for Ru), the ratio of Pt and Ru was nearly not changed. 

 

 
 

Figure 2. TEM and HRTEM (inset) images of B-Pt50Ru50/C (A) and A-Pt50Ru50/C (B). 

 

More importantly, XPS analysis could provide more useful surface information about the B-

Pt50Ru50/C and A-Pt50Ru50/C. As evidenced in previous work [8], ruthenium oxide species is more 

favorable for producing the active hydroxyl species and thus the chemical state of Ru in B-Pt50Ru50/C 

and A-Pt50Ru50/C was studied as shown in Figure 3A. It is suggested that before treatment, ruthenium 

oxide species were observed in the commercial sample as suggested by the peak around 464.5 eV and 

after treatment, an obvious increase of this peak was clearly observed.  

These results strongly confirmed that the acetic acid treatment could lead to the formation of 

ruthenium oxide on the surface of the sample. It is believed that the modification of ruthenium species 

could result in the change of the catalytic activity in methanol electrooxidation.[15] Furthermore, after 
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careful evaluation of the XPS spectra of Pt 4f, no obvious difference was observed, indicating that the 

acetic treatment did not lead to the formation of platinum oxide as that of Ru. It is worth mentioning that 

in pure acetic acid, the oxygen dissolved in the acetic acid could result in the formation of Ru oxides and 

nearly have no effect on the Pt as indicated by the previous work though the condition was different.[16, 

17]   

Finally, the A-Pt50Ru50/C and B-Pt50Ru50/C were employed as catalysts for direct methanol 

oxidation. As displayed in Figure 4A, from the CV curves, the electrochemical active surface area 

(ECSA) of sample B-Pt50Ru50/C and A-Pt50Ru50/C was 16.7 and 39.8 m2mg–1 Pt, suggesting that a higher 

active surface was reached by acetic treatment. For the CV of methanol in Figure 4B, the B-Pt50Ru50/C 

showed an onset potential about 0.295 V and this value decreased to 0.235 V after acid treatment, 

suggesting that an earlier start of methanol was occurred and this result was much better than the 

commercial Pt/C. In addition, a much higher peak current was obtained by A-Pt50Ru50 (1080 mAmg–1 

Pt) in contrast with the A-Pt50Ru50 (325 mAmg–1 Pt) and Pt/C (187 mAmg–1 Pt). Clearly, after acetic 

acid treatment, the methanol oxidation ability was enhanced by 3.3 times and also was 5.8 times higher 

than Pt/C as displayed in Figure 4C. The ratio of the intensity of the forward peak/back peak was 

increased from 1.7 to 2.1 in comparison with 0.93 of commercial Pt/C, also indicating that a better anti-

poisoning was achieved by acetic treatment.  

 

 

 
 

Figure 3. Ru 3p (A) and Pt 4f (B) XPS spectra of A-Pt50Ru50/C and B-Pt50Ru50/C. 
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Figure 4. (A) CV of A and B-Pt50Ru50 in 0.5 M H2SO4 solution. Scan rate 0.05 V s−1. (B) CV of methanol 

on A and B-Pt50Ru50 as well as Pt/C in 0.5 M H2SO4 + 1 M CH3OH solution. Scan rate 0.05 V 

s−1. (C) The comparison of the intensity of the forward peak. (D) Chronoamperometric curves of 

CH3OH oxidation at + 0.7 V in 0.5 M H2SO4 + 1 M CH3OH solution on the above samples. 

 

Furthermore, the chronoamperometry was employed to study the electrochemical stability of the 

three samples. As can be seen from Figure 4D, the A-Pt50Ru50 has a higher starting current intensity 

compared to the untreated one. At the very beginning, a significant decrease of the current intensity was 

observed in both case of treated and untreated one. After 2000 s, the current density from the A-Pt50Ru50 

is higher (41 mAmg–1 Pt) by the factor of 2 and 6 than those obtained from the B-Pt50Ru50/C(19 mAmg–

1 Pt) and Pt/C (7.8 mAmg–1 Pt), further demonstrating the higher electrocatalytic durability of the acetic 

acid treated Pt50Ru50. In comparison with the synthesized PtRu catalysts as listed in Tbale 1, the A -

Pt50Ru50 was much efficient for the methanol oxidation. 

In one word, the methanol electrocatalytic ability of commercial Pt50Ru50 was obviously 

enhanced by acetic acid treatment under hydrothermal condition for 2 h, possibly due to the fact that 

more Ru oxide species and fine structure were achieved. The treated sample could be used as potential 

catalysts for DMFC and this method may be applied in other PtRu catalysts. The influence of the 

concentration of acetic acid, other acid, the treating time on the catalytic ability of the commercial PtRu 

as well as the reuse of the Pt and Ru leached into the solution is under investigation in our lab.   

 

Table 1. Comparison of the intensity of the forward peak of methanol  oxidation over different  PtRu 

samples. 

Samples Peak intensity (mA/mg Pt) Refs. 
PtRu/PPDA-MWCNTs 731.6 

18 
PtRu/MWCNTs 440.5 

Ru–Pt/C 483 19 

 PtRu nanosponges  410 20 

 PtRu alloys  370 21 

Pt80Ru20/C nanowires 500 22 

A-Pt50Ru50 1080 
This work 

B-Pt50Ru50 325 
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4. CONCLUSION 

The present evidenced that acetic acid treatment of commercial Pt50Ru50 could lead to an obvious 

increase of the electrocatalytic ability in methanol oxidation, which possibly due to the fact that more 

ruthenium oxide species were formed on the surface of the catalyst and fine structure was achieved. This 

treatment would provide a facile method for treating commercial electrocatalysts and enhancing the 

electrocatalytic performance.  
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