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Pt/RGO electrocatalyst was successfully prepared by the deposition of platinum nanoparticles on the 

surface of reduced graphene oxide with a rapid and environment-friendly microwave-assisted polyol 

method. The electrochemical activity of as-synthesized Pt/RGO for methanol electrooxidation was 

investigated in detail. As can be seen from certain values including diffusion coefficient, current 

density of forward oxidation peak and ratio of the current density of forward peak to reverse peak, the 

electrooxidation performance of Pt/RGO was superior to that of Pt/C and Pt/graphite catalysts.  For 

example, the current density of forward oxidation peak obtained with Pt/RGO catalyst for methanol 

oxidation was 18.5 mA/cm
2
, which was higher than that obtained with Pt/C catalyst (9.65 mA/cm

2
). 
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1. INTRODUCTION 

The controllable synthesis of novel hybrid nanostructures with unique functionality by the 

assembly of different nanomaterials is one of the most important but challenging processes in 

nanoscience [1-3]. Typically, hybrid nanostructures are expected to possess the advantages of all 

consisting nanomaterials. In particular, the hybrid nanostructure that contains carbon and metal has 

demonstrated promising potential as electrode materials in various fields such as biosenser and fuel 

cells [4-6]. 
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Fuel cell, a device that converts chemical energy into electricity by the catalytic conversion of a 

fuel (e.g., hydrogen and methanol), has many advantages such as high efficiency and virtually absence 

of pollutants [7-10]. However, certain technological barriers are still required to be solved in order to 

achieve commercial applications. The CO poisoning of platinum (Pt) electrode belongs to one of these 

barriers. Specifically, CO can occupy the active sites of Pt and further impede the oxidation of fuel. 

CO poisoning is particularly serious for direct methanol fuel cells (DMFCs) owing to the permanent 

existence of CO as an intermediate in the oxidation process of methanol. The incorporation of other 

oxophilic elements including Pd, Ni, Ru and Au into Pt is verified to be an effective method to reduce 

the effect of CO poisoning [11-15]. The improved tolerance of Pt alloy to CO can be explained by the 

following two mechanisms. The bifunctional mechanism model assumed that the oxidation of CO was 

promoted by the adsorbed OH species at platinum/ruthenium edge which was generated by water 

dissociation [16-19]. And the intrinsic or ligand mechanism assumed that the affinity of Pt for CO was 

reduced owing to the change of electronic structure of Pt by neighboring ruthenium. Unfortunately, the 

incorporation of additional metal elements makes DMFC uneconomical despite its effect on reducing 

CO poisoning. Therefore, to develop more cost-effective methods is highly demanded. 

An effective method to enhance the electrocatalytic activity is the employment of carbon as 

support, which is propitious to the dispersion of metal catalyst and promotion of electron and mass 

transfer kinetics as well. Prior to the catalyst deposition, the oxides on the surface of carbon supports 

was found to have the ability to increase the electrocatalytic activity of carbon for methanol oxidation, 

owing to the improved accessibility of methanol to the surface of carbon support [20-23]. Besides, the 

particle growth was limited and thus the dispersion of metal nanoparticles was improved due to the 

oxygen functional groups as nucleation sites, which effectively enhanced the stability of supported 

catalysts. However, the influence of oxygen-containing functional groups on the resistance to CO 

poisoning is still short of cognition. Unfortunately, very few people have studied this issue. In addition, 

oxidized supports should be prevented owing to the low conductivity. 

Graphene, a promising form of carbon, possesses many advantages such as extremely high 

specific surface area, excellent thermal/chemical stability and exceptional thermal/electrical 

conductivity as well. The electron transport can be greatly improved by the deposition of catalyst 

nanoparticles (NPs) on the two-dimensional graphene support, which inaugurate a new area in the 

design of next generation catalysts [24-26]. Currently, the chemical exfoliation of graphite by strong 

acids is the gram-scale production method of graphene. Many oxygen-containing functional groups 

including epoxide, carboxyl, keto and hydroxyl were generated at the planes and edges of graphene 

layers through the oxidation procedure. The resulting graphene oxide (GO) is in poor electrical 

conductivity, which can be greatly improved by reduction process with reducing agents.  

In this study, a one-step environment-friendly microwave-assisted polyol process (MWAPP) 

was employed to prepare Pt/RGO electrocatalysts. The applied polyol ethylene glycol (EG) can be not 

only dispersing agent but also reductive agent, which effectively promoted the synthesis of Pt 

nanocrystals on the surface of RGO. Microwaves heating method outperforms many other heating 

methods with regard to heating rate, uniformity, simplicity and energy efficiency. The performance 

such as catalytic activity, stability and resistance to CO poisoning of constructed RGO-supported Pt 
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nanocrystals outperforms the commercial carbon-supported Pt electrocatalysts (Pt/C) when applied in 

methanol oxidation reaction (MOR).  

 

 

 

2. EXPERIMENTS 

2.1. Synthesis 

The synthetic method for carbon nanotube-supported Pt catalyst was employed herein for the 

preparation of graphene-supported Pt owing to the similar structure between graphene and carbon 

nanotubes [27]. Firstly, Hummers method was used for the preparation of graphene oxide from a 

solution of graphite [28]. The obtained graphene oxide powder (100 mg) was added into ethylene 

glycol (EG) solution (10 mL) and then the solution was dealt with sonication for 30 min. Then 1.5 mL 

of EG solution containing hexachloroplatinic acid (H2PtCl6) with the concentration of 7.4 mg/mL was 

mixed into the above-obtained graphene oxide solution and the mixture was stirred for 2 h. 

Subsequently, the sodium hydroxide EG solution with the concentration of 2.5 M was applied to adjust 

the pH of the mixed solution to 13.0. Subsequently, the mixed solution was refluxed at 100 °C for 5 h 

with the protection of argon. Finally, the product was filtered from the solution, rinsed with water and 

then dried at 60 °C in oven overnight. 

 

2.2. Characterization 

The SEM images of Pt nanoparticles, catalyst supports and the composite of Pt nanoparticles 

and catalyst supports were obtained with scanning electron microscope (SEM, JEOL JSM-840A) and 

field emission scanning electron microscope (FESEM, FEI Quanta 200) that is equipped with X-ray 

energy dispersive spectrometer (EDS, Oxford INCA 250 silicon). 

 

2.3. Electrocatalytic activity measurements 

A CHI 660A electrochemical work station with the conventional three electrode cell 

(electrocatalysts modified glassy carbon, Ag/AgCl and Pt wire as working, reference and counter 

electrode, respectively) was employed for the investigation of electrocatalytic activity of as-

synthesized electrocatalysts. The working electrode was synthesized with the following steps: catalyst 

powder (4 mg) was firstly dispersed uniformly in ethanol (2 mL) and the mixed solution was dealt with 

sonication for 30 min, then the above-obtained suspension (30 μL) and Nafion solution (10 μL) with 

the concentration of 5 wt.% were dropped onto glassy carbon electrode, and the electrode was finally 

dried at 25 
o
C for 15 min. The addition of Nafion is highly important to the well combination of 

catalyst membrane and electrode surface owing to its adhesive interaction. Before the electrochemical 

experiments, the electrolyte was degased with nitrogen for 20 min. In order to investigate the 

performance of Pt/graphene, Pt/graphite and Pt/carbon black electrocatalysts for the electrocatalytic 
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oxidation of methanol, cyclic voltammetry was employed with the mixture of CH3OH  (1M) 

and  H2SO4  (0.5 M) solution ss electrolyte and  -0.3-1.0 V as applied potential.  

The diameter of 3 mm was applied, of which the area was used for the calculation of electrical 

current density. All electrocatalysts (Pt/graphene, Pt/graphite and Pt/carbon black) were prepared for 

three times at exactly the same conditions for the sake of investigating reproducibility. 

 

 

 

 

3. RESULTS AND DISCUSSION 

As can be seen from the SEM images of graphene, graphite and carbon black (Fig. 1), different 

morphologies were observed. Graphene sheets are crumpled with the size ranging from several 

hundred nanometer to tens of micrometer. Graphite is in platelet shape with the size in the following 

range 5-50 μm. Besides, the dimension of carbon black ranges from 20 to 80 nm. The morphological 

difference of three supports is propitious to well understand the effect of support morphology on its 

electrocatalytic performance for methanol oxidation. 

 

 
 

Figure 1. SEM images of catalyst supports: (A) graphene, (B) graphite and (C) carbon black. 

 

In addition to the significant role in the reduction process of graphene oxide, metallic 

nanoparticles have been demonstrated to be able to hinder the restacking of RGO (reduced graphene 

oxide) by means of forming the composite of metallic nanoparticles and RGO as well [21-22]. As 

shown from the typical BSE image of Pt/RGO (Fig. 2A), Pt nanoparticles are the bright ones with the 

dimension of less than 10 nm which is hard to be detected in the SEM image. The formation of Pt on 

the surface of graphene sheets was further affirmed by EDS spectrum (Fig. 2B). The reduction of 

graphene oxide to graphene is assumed to be incomplete due to the observable oxygen signal. Besides, 

sodium signal which could be ascribed to sodium hydroxide or sodium nitrate used in the synthesis of 

the composite of metallic nanoparticles and RGO was also observed.  
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Figure 2.  (A) Z-contrast BSE image and (B) EDS spectrum of Pt/RGO.   

 

XRD spectra of GO, Pt/RGOs and commercial Pt/carbon black (Pt/C) catalyst were shown in 

Fig. 3. A new 002 peak (2θ = 11.1°, d-spacing=0.78 nm) in place of graphite peak (002) at 2θ = 26.2° 

with d-spacing of 3.35 Å was found in the XRD pattern of GO, indicating the successful preparation of 

GO. The d-spacing of GO sheets was found to be increased owing to the roughness of graphene sheet 

caused by the existence of abundant O-moieties on the surface. As can be seen from the XRD pattern 

of Pt/RGOs, the intensity of GO peak was suppressed and the conjugated graphene network 

(sp
2
 carbon) was re-established, suggesting the successful reduction of GO to RGO. Besides, the 

carbon peak (002) of Pt/RGO became broader with the FWHM of 4.94 and 4.72°, indicating the 

existence of various oxidation states. In addition, the diffraction peaks at 2θ = 39.3, 46.0, 67.3° and 

81.24° belong to the (111), (200), (220) and (311) crystalline planes of Pt in fcc structure, respectively, 

suggesting the formation of Pt NPs crystallinity. 

 

 
 

Figure 3. XRD spectra of GO, Pt/RGO hybrids and Pt/C. 
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As shown in XPS spectrum of C1s for Pt/RGO (Fig. 4A), new sp
2
 C-C bonds were formed and 

the amount of oxygen moieties decreased, leading to the greatly increase of C/O ratio. Besides, the 

intensity of C-C peak increased accompanied with remarkable decrease of overlapping peaks at 285.5-

289.0 eV. All the above-mentioned phenomena indicated that RGO was successfully prepared by the 

reduction of GO. In contrast to the Pt/C with very small amounts of hydroxyl groups, certain amount 

of O-moieties were still observed in Pt/RGO hybrids despite that the MWPP reduction would reduce 

the amount of O-moieties.  

As shown in Pt 4f spectrum of Pt/RGO (Fig. 4B), doublets of Pt 4f
5/2

 and Pt 4f
7/2

 were 

observed, indicating that the existence of Pt
0
, Pt

2+
 and Pt

4+
 oxidation states. It is worth noting that a 

certain amount of Pt
0
 existed despite the existence of a large amount of oxygen-containing functional 

groups in GO.  

 

 
 

Figure 4. High-resolution XPS spectra of (A) C1s and (B) Pt 4f for Pt/RGO hybrids. 

 

Cyclic voltammetry experiment was used for the investigation of electrocatalytic performance 

of Pt/RGO, Pt/C and Pt/graphite electrocatalysts for methanol oxidation. Specifically, the experimental 

parameters are as follows: the mixture of CH3OH (1 M) and H2SO4 (0.5 M) as electrolyte, 50 mV/s as 

scan rate and −0.3 to +1.0 V as applied potential range. It was found that the voltammograms obtained 

on each catalyst were similar and the recorded data became stable after fifth cycle. Fig. 5 showed the 

voltammograms recorded after fifth cycle. The electrocatalytic performance of different 

electrocatalysts for methanol oxidation was compared in detail. Table 1 presented the oxidation 

potential and peak current density and the ratio of forward to reverse peak current density. 
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Figure 5. (A) Cyclic voltammograms of  Pt/RGO, Pt/C and Pt/graphite electrocatalysts for methanol 

oxidation. (B) Peak current density in function of scan rate. 

 

Table 1. Comparison of electrocatalytic performance of Pt/RGO, Pt/C and Pt/graphite for methanol 

oxidation. 

 

Electrode Forward sweep Reverse sweep IF/IR Ratio 

IF (mA/cm
2
) E (V) IR (mA/cm

2
) E (V) 

Pt/RGO 18.5 0.65 3.05 0.47 6.51 

Pt/C 9.65 0.59 6.85 0.42 1.40 

Pt/graphite 6.45 0.58 6.20 0.40 1.02 

 

Both activity for methanol oxidation and tolerance to CO of Pt/RGO electrocatalysts were 

better than that of Pt/C and Pt/graphite electrocatalysts. In the forward scanning process, the current 

showed a slow increase at low potentials but a sharp increase at potentials higher than 0.5 V. The 

oxidation process was found to occur at 0.65 V. The peak current density obtained with Pt/RGO 

catalyst was 18.5 mA/cm
2
, which was nearly three times than that obtained with Pt/C and Pt/graphite 

electrocatalysts. As we all know, the amount of methanol oxidized was directly proportional to peak 

current density. The better electrocatalytic activity of Pt/RGO indicated that graphene contributed to 

the enhancement of the activity of Pt for methanol oxidation. In the reverse scanning process, an 

oxidation peak at 0.46 V was observed which could be ascribed to the oxidation reaction of CO and 

other carbon species that formed on the electrode. And the reverse peak current density obtained with 

Pt/RGO catalyst was 3.05 mA/cm
2
, which was much lower than that obtained with carbon back 

(7.85 mA/cm
2
) and graphite (6.20 mA/cm

2
) -supported Pt nanoparticles. Typically, the tolerance of 

catalyst to CO and other carbon species can be described with the ratio of forward anodic peak current 

density (IF) to reverse anodic peak current density (IR). The IF/IR of Pt/RGO catalyst was 6.51, much 

higher than that of Pt/C (1.40) and Pt/graphite (1.42), indicating that the electrocatalytic performance 

of Pt/RGO catalyst has more effect on methanol other than carbon dioxide. A possible bifunctional 
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effect between Pt nanoparticles and remaining oxygenated groups is similar with the commonly 

accepted bifunctional mechanism of methanol electro-oxidation between Pt and Ru [29, 30]. 

IF was found to be proportional to the square root of scan rate for all Pt/RGO, Pt/C and 

Pt/graphite catalysts, demonstrating that the oxidation of methanol  was diffusion-controlled. The 

methanol diffusion coefficient of RGO was higher than that of C and graphite as evidenced by the 

larger slope of Pt/RGO than Pt/C and Pt/graphite.  The result also show that the forward peak current 

density increases initially and remains stable, and then gradually decreases with successive scans. The 

Pt/RGO catalyst retains 100% of the initial current density, even after 1000 cycles. This performance is 

better than the reported other graphene-Pt systems, in which the current density decays at a much faster 

rate within 15–20 cycles due to the formation and gradual accumulation of intermediates such as 

COads, CH3OHads, and CHOads on the catalyst surface during the methanol oxidation reaction, 

significantly poisoning the Pt NPs for methanol oxidation [31, 32]. 

All the experimental results mentioned above demonstrated that the electrocatalytic 

performance of Pt/RGO catalyst was better than that of Pt/C and Pt/graphite for methanol oxidation. 

The superior electrocatalytic activity of Pt/RGO can be ascribed to exceptional electrical conductivity 

and large BET surface area and of graphene sheets, which are highly important to the exploitation of 

novel catalyst supports for direct methanol fuel cells. 

 

 

 

4. CONCLUSIONS 

In conclusion, the Pt/RGO composite was successfully prepared and then applied as catalyst for 

methanol oxidation. Compared with Pt/C and Pt/graphite catalysts, Pt/RGO electrocatalyst possessed 

higher electrochemical activity for methanol oxidation and better CO tolerance. Graphene sheets have 

demonstrated to have promising potentials as catalyst supports in various applications such as 

methanol fuel cell. Certainly, the industrial application is contingent upon the exploitation of graphene 

sheet production in large scale. 
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