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Abstract: Nano-scale platinum catalysts were prepared on a glass carbon electrode by cyclic voltammetry. The surface morphology 
and active area of the catalysts, and their catalytic activity toward methanol oxidation and oxygen reduction were studied by SEM, 
linear and cyclic voltammetry. The result shows that the diameters of global Pt particles are affected by the scan rate of cyclic 
voltammetry: the faster the scan rate is, the smaller the diameters of Pt particles are. The size of the nano-scale platinum catalysts has 
different effects on their catalytic activity toward oxygen reduction and methanol oxidation: the catalyst with a size of 100 nm shows 
its best activity toward methanol oxidation, but the catalyst with a size of 65 nm shows its best activity toward oxygen reduction. 
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1 Introduction 
 

There has been an increasing interest in the 
development of proton exchange membrane fuel cells 
(PEMFC) and the direct methanol fuel cell(DMFC) in 
the recent years, since they have a lot of advantages as a 
tool for energy use[1−2]. Highly dispersive platinum 
supported on carbon has been widely used in various 
electrochemical systems, particularly in oxygen 
reduction electrocatalysis[3−4]. However, the oxygen 
reduction proceeds at a very slow kinetic rate in both 
PEMFC and DMFC. The exchange current density of the 
oxygen reduction reaction at the Pt catalyst electrode is 
as low as 10−10 A/cm2. Obtaining a cathodic catalyst with 
a high electrocatalytic activity for oxygen reduction is 
important for the development of both PEMFCs and 
DMFCs[5−6]. 

In general, two ways have been developed to 
improve the electrocatalytic activity of the Pt catalyst for 
oxygen reduction. First, Pt-based complex catalysts were 
developed[7−10], such as Pt-Co, Pt-Fe, Pt-Cr, 
Pt-HxMoO3. Second, the Pt catalysts with an optimum 
structure were prepared by a suitable preparation method 
because structural factors, such as the average size and 

the relative crystallinity of the metal particles, the 
electrochemically active area and the alloying content of 
the complex catalysts. can significantly affect the final 
electrocatalytic activity of the catalysts[11]. Moreover, 
the preparation method has an important influence on the 
structure of the catalysts. The two aspects that have 
special meanings in numerous investigations on 
supported Pt catalysts are particle size effect and 
metal-support interaction[12]. The particle size effect is 
closely connected with the structure sensitivity of oxygen 
reduction on platinum. The experimental results of 
oxygen reduction on Pt single crystal planes in acid 
media show a relatively small structure sensitivity 
[13−15]. 

Poirier and Stoner found that the oxygen reduction 
activity on thin film Pt depends on the grain size, specific 
surface area and lattice parameter[16]. The experimental 
data in 0.5 mol/L H2SO4 showed that the specific activity 
of O2-reduction decreases with increasing grain size. The 
activity decreases was not in agreement with the 
previous observations in oxygen reduction electro- 
catalysis on highly dispersive platinum[12], indicating 
that the examination of thin-film Pt catalysts can give 
novel insights into platinum electrocatalysis. Therefore, 
the preparation methods for the Pt-based catalysts for 
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DMFC are attracting much attention of investigators 
[17−18]. The objective of the present work is to study the 
effect of the size of nano-meter Pt on its catalytic activity 
toward oxygen reduction and methanol oxidation. 

 
2 Experimental 
 

The preparation and electrochemical measurement 
of the catalysts were conducted in a cell with an 
Ag/AgCl/saturated KCl electrode as the reference 
electrode and a platinum sheet electrode as the counter 
electrode. The potentials in the present paper are with 
respect to this reference electrode. In the preparation of 
the catalysts, a glassy carbon disk electrode with a 
diameter of 3 mm was used as the working electrode. 
Before the preparation, the working electrode was 
polished with 0.05 µm alumina, and then cleaned by 
ultrasonator in acetone and distilled water successively 
and by cycling in 0.5 mol/L H2SO4 between 0.2 V and 
0.9 V at 50 mV/s. Five catalysts was prepared by cycling 
the cleaned glass carbon disk electrode for 2 cycles 
between −0.3 V and 0.6 V at 10, 20, 30, 40 and 50 mV/s 
in the quiescent solutions of 5 mmol/L H2PtCl6+0.5 
mol/L H2SO4, respectively. Before the electrochemical 
measurement, the working electrode with catalyst was 
placed in 0.5 mol/L H2SO4 and the cell was deaerated for 
half an hour under open circuit potential, and then the 
electrode was cycled for 6 cycles between −0.3 V and 1.1 
V at 50 mV/s. In the study of oxygen reduction, the 
solution was saturated with O2. 

H2PtCl6 was spectrum grade and other chemicals 
used were analytical grade. Solutions were prepared with 
distilled water. Highly purified nitrogen was used to 
deaerate the solutions and highly purified oxygen was 
used for oxygen reduction. All the electrochemical 
experiments were carried out under room temperature. 

The electrochemical experiments were performed 
using the cyclic and linear voltammetry with an 
electrochemical instrument (Eco Echemine BV) and a 
rotating disk electrode (RDE, model ATA-1B). The 
morphology of the prepared catalysts was observed with 
a scan electron microscopy (Thermal field emission 
environmental SEM-EDS-EBSD, model Quanta 400F, 
FEI/ OXFORD/ HKL). 

   
3 Results and discussion 
 
3.1 Cyclic voltammograms of Pt catalysts 

Five Pt catalysts were prepared by cycling the 
cleaned glass carbon disk electrode for 2 cycles between 
−0.3 V and 0.6 V at 10, 20, 30, 40 and 50 mV/s in the 
quiescent solutions of 5 mmo/L H2PtCl6+0.5 mol/L 
H2SO4, respectively. Fig.1 presents the voltammograms 
of prepared catalysts Pt(a), Pt (b), Pt(c), Pt(d), Pt (e) on 

glassy carbon disk electrode in deaerated 0.5 mol/L 
H2SO4 solution. It can be seen from Fig.1 that the slower 
the electrodeposited scan rate is, the larger the surface 
area of the catalyst Pt is. The hydrogen adsorption/ 
disadsorption current peak appears between the potential 
−0.2−0 V. Platinum oxide is formed at the potential more 
positive than 0.6 V and is reduced between the potential 
0.3−0.8 V. Estimated by integrating the oxidation peak 
area of adsorbed hydrogen, the real surface area of these 
five catalyst are 0.036 82, 0.025 19, 0.020 34, 0.019 22 
and 0.010 73 cm2, for the preparation at 10, 20,30, 40 
and 50 mV/s, respectively. 
 

 
Fig.1 Cyclic voltammograms of five Pt catalysts prepared in 
0.5 mol/L H2SO4 solution with scan rate of 50 mV/s 
 
3.2 Surface morphology of Pt catalysts 

The surface morphology of the catalysts Pt (Pt(a), 
Pt(b), Pt(d), Pt(e)) were observed by scan electron 
spectroscopy. The results obtained are shown in Fig.2. It 
can be seen that there is little difference in the surface 
morphology between these four Pt catalysts. All of them 
are global and the average diameters of the global grains 
are 130, 100, 80 and 65 nm for catalysts Pt(a), Pt(b), Pt(d) 
and Pt(e), respectively. That is to say, the larger the 
scanning rate is, the smaller the average diameters of the 
Pt global grains are. 
 
3.3 Activity of Pt toward methanol oxidation 

The cyclic voltammograms of the Pt catalysts on 
rotating glassy carbon disk electrode were obtained in 
0.2 mol/L CH3OH+0.5 mol/L H2SO4 solution, as shown 
in Fig.3. It can be seen that the methanol oxidation 
current density on catalyst Pt(b) is the largest among 
these five Pt catalysts. The average diameter of catalyst 
Pt(b) global grains is about 100 nm. This indicates that 
the catalytic ability of nano-meter Pt toward methanol 
oxidation depends on its grain size. The experiment 
results show that the size of the 100 nm nano-scale 
platinum catalysts has the best catalytic ability toward 
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Fig.2 Scanning electron micrographs of Pt catalysts (Pt(a) in Fig.2(a), Pt(b) in Fig.2(b), Pt(d) in Fig.2(c) and Pt(e) in Fig.2(d)) on 
glass carbon electrode 
 

 
Fig.3 Voltammograms of Pt catalysts in 0.2 mol/L+0.5 mol/L 
H2SO4 with scan rate of 50 mV/s 
 
methanol oxidation. 
 
3.4 Activity of Pt toward oxygen reduction 

The voltammograms of the catalyst Pt(b) were 
obtained in the solution with and without methanol. Fig.4 
shows that oxygen reduction on catalyst Pt(b) in 
O2-saturated 0.5 mol/L H2SO4 solutions with and without 
0.8 mmol/L methanol. Oxygen reduction current density 
on Pt(b) in the solution without methanol is larger than 
on that in methanol containing solution, indicating that 
the activity of the catalyst Pt(b) decreases when the 
solution contains methanol. Thus catalyst Pt(b) is not 
suitable for catalytic oxygen reduction.  

 
Fig.4 Voltammograms of Pt(b) in 0.5 mol/L O2-saturated 
H2SO4 without (curve a) and with (curve b) 0.8 mmol/L 
methanol with scan rate of 5 mV/s (ORR represents oxygen 
reduction reaction.) 
 

The linear voltammograms of five catalysts on 
rotating glassy carbon disk electrode were obtained in 
O2-saturated 0.5 mol/L H2SO4 solutions, as shown in 
Fig.5. It can be seen that the oxygen reduction current 
density on catalysts increases as the grain size of the 
catalysts becomes smaller and the catalyst Pt(e) has the 
largest activity among these five Pt catalysts. The 
average diameter of catalyst Pt(e) global particles is 65 
nm.  

Fig.6 shows the linear voltammograms of Pt(e) in 
O2-saturated 0.5 mol/L H2SO4 solutions with and without 
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Fig.5 Voltammograms of catalysts in 0.5 mol/L oxygen 
saturated H2SO4 with scan rate of 5 mV/s 
 

 
Fig.6 Voltammograms of Pt(e) in 0.5 mol/L O2-saturated 
H2SO4 without (curve a) and with (curve b) 0.8 mmol/L 
methanol with scan rate of 5 mV/s 
 
methanol. It should be noted that the oxygen reduction 
current on Pt(e) is not reduced but improved by the 
existence of methanol. This is important for the 
application of DMFC, which faces the serious problem 
that methanol in anode penetrates through membrane to 
cathode. 
 
4 Conclusions 
 

1) The particle size of the platinum catalyst related 
to potential scan rate when it is prepared by the cyclic 
voltammetry. The faster the scan rate is, the smaller the 
diameters of Pt particles are. 

2) The activity of nano-meter platinum catalysts 
toward oxygen reduction and methanol oxidation 
depends to a great extent on particle size of the catalysts. 
The catalyst with a size of 100 nm shows its best activity 
toward methanol oxidation, but the catalyst with a size of 

65 nm shows its best activity toward oxygen reduction. 
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