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ABSTRACT 

 

Low durability of Pt/C electrocatalysts in the polymer electrolyte membrane fuel cells (PEMFC) 

caused by, e.g., carbon oxidation to CO2 in acid medium has been recognized as one of the most 

important drawbacks for long term stability. The additions of different semiconductor oxides, 

such as TiO2, SnO2 or WO3, confer stability to metal center on carbon-composites, and improve 

PEMFC performance. In this work, a series of 10%Pt-C and 10%Pt-5%oxide-carbon composites 

using three oxides (TiO2, SnO2, ZnO) has been prepared by a chemical vapor deposition method 

(CVD). The physical and electrochemical properties were investigated by XRD, hydrogen 

chemisorption, TEM, CO stripping, cyclic and linear voltammetry as characterization techniques. 

The prepared materials were electrochemically evaluated in the oxygen reduction reaction (ORR) 

in acid medium at room temperature. XRD results show a Pt crystalline structure in the different 

materials synthesized. The average particle size of Pt was determined by hydrogen chemisorption. 

The size and morphology of Pt nanoparticles were confirmed by TEM. 10%Pt-5%TiO2-C 

electrocatalyst showed the higher electrochemical active surface area and the better activity 

results for the ORR compared with 10%Pt-C, 10%Pt-5%SnO2-C and 10%Pt-5%ZnO-C materials. 
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1.  INTRODUCTION 

 

Research and development of Polymer Electrolyte Membrane Fuel Cells (PEMFC) has been 

devoted to produce a commercially viable product 1. Among all components of a single 

membrane electrode assembly (MEA) it is estimated that the polymer electrolyte membrane and 

precious metal cost contribute to more than 80% of the MEA cost 2. The most widely used 

cathode catalyst system for the oxygen reduction reaction (ORR) is platinum particles (range 2-5 

nm) dispersed on an electron-conducting support material, typically carbon black (Vulcan XC-72 

with 20-30 nm diameter in size) [3]. Supported catalysts have resulted in a 10-100 fold increase 

in Pt surface area compared to the unsupported platinum used in the early PEMFC systems [4]. 

Indeed, the shape of nanocrystals plays an important role in the performance of an electrocatalyst, 

mainly in the adsorption of species involved in the electrochemical reaction [5]. It has been 

reported that Pt multioctahedrons are more active and stable than the commercial Pt/C (E-TEK) 

due to the high ratio of (111) to (100) as exposed facets [6].  

The stability of electrocatalysts and low durability has recently been recognized as one of the 

most important issues to be addressed before PEMFC become commercially viable. The 

degradation of Pt/C catalysts over time is mainly attributed to the loss of electrochemical surface 

area due the corrosion and electro-oxidation carbon leading to significant electrochemical activity 

loss [7-8]. One alternative for increase the stability of the electrocatalysts is the use of more 

stable carbon support. One of the emerging candidates as resistant catalysts supports are the 

conducting oxides as TiO2 [9-14], WO3 [11,15], SnO2 [16-17] and NbO2 [17] to produce stables 

oxide-carbon nanocomposites as Pt substrates. These novel Pt-metal oxide-C electrocatalysts 

have proved to increase the catalytic activity and stability for Oxygen Reduction Reaction 

(ORR). For instance, the Pt/TiO2/C composite presented a higher electrocatalytic current per 

unite area that a conventional Pt/C [9-21]. This behavior was explained in terms of the synergetic 

effect of the interaction metal-oxide, the presence of oxide produced modifications in the 

electronic properties of Pt surface, that increase the electronic density of the Pt orbital, these 

changes are favorable for the adsorption of oxygen and electrochemical activity, suggesting that 
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Pt–TiO2–C might serve as stable catalysts of response to lower the amount of utilized platinum in 

low temperature H2/O2 fuel cells cathodes [11, 22]. 

The preparation of catalysts is a fundamental step to obtain the desired activity, selectivity and 

life time [23]. Several methods of synthesis had been probed to increase the activity of the 

conventional electrocatalyst Pt-C in a PEMFC. In order to improve the advantages obtained in the 

last researches, in this work we probe a new methodology as alternative method (chemical vapor 

deposition technique) to prepare actives and stable electrocatalysts for PEMFC. Is reported that 

the use of this technique produced well dispersed nanoparticles ranging from 1-20 nm depending 

on their chemical nature and the deposition conditions have been obtained under different 

powdered substrates [24].   

In the present research we developed an experimental procedure to obtain and characterize 

10%Pt-5%oxide-C (TiO2, SnO2, ZnO) electrocatalysts prepared by chemical vapor deposition 

method. 10%Pt-C electrocatalysts was prepared by the same methods as comparative purposes. 

The physical and electrochemical properties of the solids were studied by XRD, TEM, H2 

chemisorption and CO stripping techniques. The electrochemical activity was evaluated in the 

ORR in sulfuric acid at room temperature. 

 

2. EXPERIMENTAL 

 

2.1.  Materials  

Platinum acetyl acetonate [(CH3-COCHCO-CH3)2Pt] (Aldrich), Carbon (Vulcan XC-72), 

TiO2 rutile, SnO2 and ZnO nanoparticles (Aldrich) were the precursors for the Pt-oxide-C 

nanocomposites preparation.  

 

2.2.  Pt-C and Pt-oxide-C preparation by chemical vapor deposition 

A thermal horizantal tube quartz reactor were used for the chemical vapor deposition (CVD) 

method (see Fig. 1). The syntesis of Pt-C was carried out using platinum acetylacetonate as 

metallic precursor in a 10:90 weight ratio Pt:C. The Pt precursor and C were mixed into the 
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reactor at room temperature, then the system was heated at 200 °C for 10 min using a total 

pressure of 4.5 torr to carried out a thermal evaporation of platinum precursor. After that, the 

vapor-impregnated Pt nanoparticles were heated at 250 °C inside the tube reactor to achieve the 

precursor decomposition. This method allows the formation of Pt nanoparticles uniformly 

dispersed over carbon.  

 
Table 1. Code and characteristics of Pt/C and Pt/oxide/C electrocatalysts synthesized by chemical vapor deposition.  

 Catalysts Average Particle size 

of Pt, QH2 (nm) 

EAS (CO) 

(cm
2
) 

Pt dispersion, 

QH2 (%) 

(M1) 10%Pt-5%TiO2-C 2.75 4.1 41.08 

(M2) 10%Pt-5%SnO2-C 2.6 0.21 43.65 

(M3) 10%Pt-5%ZnO-C 2.0 1.62 58.19 

(M4) 10%Pt-C 2.3 0.87 33.96 

 

The preparation of 10%Pt-5%oxide-C was carried out using the same conditions above 

mentioned by mixing the platinum precursor, oxide nanoparticles (TiO2, SnO2, ZnO) and carbon 

Vulcan in 10:5:85 weight ratio, respectively. Table 1 shows the code and clasification of  Pt-C 

and Pt-oxide-C electrocatalysts prepared by chemical vapor deposition (CVD) method.  

 

 
Figure 1. Squeme of  Pt-C and Pt-oxide-C catalysts preparation by CVD 
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2.3. Characterization techniques 

X-ray diffraction (XRD) patterns were collected on a Bruker D8 AXS equipment using a Cu 

anode (K, 1.5406 Å) and a Bragg-Brentano configuration. The angle 2θ was varied from 30 

to 90º with 0.2° min-1 and 35 kV. Particle size distribution was obtained with a high resolution 

transmission electron microscopy using a JEOL-JEM-2200 field emission operated at 200 kV. 

The H2 chemisorption (pulse method) test was performed using an Autochem II 2920 equipment 

(Micromeritics) with a thermal conductivity detector (TCD) to determine the average active 

particle size and metal dispersion (defined as the number of Pt surface atoms/number of total Pt 

atoms).  

 

2.4.  Electrochemical measurement 

All electrochemical measurements were carried out at 25 °C in conventional single three-

electrode test electrochemical cell. A platinum mesh was used as the counter electrode and 

Hg/Hg2SO4/0.5M H2SO4 (MSE = 0.680 V/NHE) as the reference electrode. The potentials in this 

paper were related to a normal hydrogen electrode (NHE) in a 0.5M H2SO4 aqueous solution 

electrolyte. The rotating disk electrode (RDE) measurements were performed using a Potentiostat 

(EG&G PAR 263A) and a Pine MSRX rotation speed controller. Glassy carbon disk with a cross-

sectional area of 0.19 cm2 was used as a support for the thin films and used as an ink-type 

working electrode. The catalytic ink was prepared with 1mg of catalyst, 6 µl of 5 wt% solution 

Nafion® (Du Pont, 1100 EW) and 60 µl of ethyl alcohol, 8 µl of this sonicated mixture were 

deposited on the working electrode. The estimated amount of Pt-C and Pt-TiO2-C catalyst on the 

glassy carbon electrode surface was about 0.63 mg cm-2.  

Before the ORR measurements, cyclic voltammetry (CV), in nitrogen-saturated electrolyte, was 

performed to clean the electrode surface from 0.0 to 1.2 V at 50 mV s−1, 40 cycles were necessary 

to stabilize the current–potential signal. Thereafter, the acid electrolyte was saturated with pure 

oxygen and maintained on the electrolyte surface during the RDE tests. Hydrodynamic 

experiments were recorded in the rotation rate range of 100 to 1600 rpm at 5 mV s-1. Between 
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RDE measurements, the acid electrolyte was saturated with pure oxygen for 5 min to obtain a 

stable open circuit potential. The current density was calculated using the geometric surface area. 

 

The experimental technique selected to determinate the Electrochemical Active Surface Area 

(EASCO) was the CO stripping technique, using the same quantity of sample, the electrode 

potential was held at 0.1 V/NHE and CO bubbled for 5 min. Thereafter, the CO was removed by 

purging the electrolyte with argon during 15 min. Two cycles were done from 0.05 V to 1.2 

V/NHE at 5 mV s−1 to quantify the area under the curve  [25].  

 

3. RESULTS  

3.1 X-ray Diffraction 

Figure 2 shows the X-ray diffraction patterns of 10%Pt-C and 10%Pt-5%oxide-C catalysts 

prepared by chemical vapor deposition. In the materials prepared are identified the face-centered 

cubic (fcc) structure of platinum. The diffraction peaks of Pt were found at 39.8, 46.2, 67.5, 81.3° 

ascribed to the (111), (200), (222) and (311). The Pt-ZnO-C (M3) shows the lower intensity of 

these peaks. The other diffraction peaks in the samples M1, M2 and M3 can be attributed to the 

presence of TiO2 (anatase phase), SnO2 (casiterite phase) and ZnO, respectively. There is not a 

shift in any of the crystallographic planes of platinum, indicating not Pt-oxide alloys. 
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Figure 2. X ray diffraction patterns of (M1)10%Pt-5%TiO2-C, (M2)10%Pt-5%SnO2-C, (M3)10%Pt-

5%ZnO-C and (M4)10%Pt-C electrocatalysts prepared by CVD. 
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3.2 TEM micrographs 

Figure 3 shows TEM images of the Pt-C and Pt-TiO2-C catalysts. It can be observed that both 

materials had a similar morphology with uniform distribution on the carbon support. The mean 

particle size is between 2-4 nm with a spherical or globular morphology.  

 

  
Figure 3. TEM graphs for a) 10%Pt-5%TiO2-C and b) 10%PtC electrocatalysts synthesized by CVD. 

 
 

3.3 H2 Chemisorption 

The average diameter of Pt nanoparticles and  metal dispersion of Pt-oxide-C and Pt-C samples 

prepared by chemical vapor deposition method was determinated  by H2 chemisorption, results 

were reported in Table 1. Assuming spherical Pt nanoparticles, the samples Pt-oxide-C prepared 

by  chemical vapor deposition delivered the lower diameter of Pt particle ( <3 nm) with the 

maximun metal dispersion of 40-60%  compared with the Pt-C catalysts preparared by the same 

method. These H2 chemisorption results are agree with the TEM images results.   

 

3.4 CO stripping 

Fig. 4 left shows the corresponding cyclic voltammograms (CVs) curves in nitrogen purged 0.5 

M H2SO4 solution at 25 °C on the Pt-C and Pt-oxide-C electrocatalysts prepared by chemical 

vapor deposition. The voltammograms curves of Pt-C and Pt-oxide-C electocatalysts show the 

5 nm 
2 nm 
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typical characteristics of Pt nanoparticles. Between 0.05 and 0.3 V/NHE hydrogen adsorption-

desorption is observed. On the anodic sweep above 0.8 V/NHE, oxide film is formed on the 

surface of the platinum materials. The oxide film is removed during the cathodic sweep by the 

oxide reduction, between 0.3-0.6 V/NHE the double layer region is located, which differed on the 

Pt-TiO2-C sample due to the TiO2 presence.  
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Figure 4. Cyclic voltammograms (50 mV s-1) and CO stripping (5 mV s-1) of (M1) 10%Pt-5%TiO2-C, (M2) 

10%Pt-5%SnO2-C, (M3) 10%Pt-5%ZnO-C and (M4) 10%Pt-C electrocatalysts in H2SO4 0.5 M at. T = 25ºC. 
 

 

The Pt-TiO2-C and Pt-ZnO-C electrocatalysts presented a better definition of hydrogen 

adsorption-desorption peaks compared with Pt-SnO2-C and Pt-C samples. This changes on the 

hydrogen adsorption-desorption is related with the sized and the crystallographic faces, also 

depend of the Pt electronic environmental by the interaction metal-substrate. The Pt-TiO2-C 

materials presented an increase in current density during oxide film formation on the surface of 

metallic particles at 0.8 V (NHE) (anodic sweep) compared with other catalysts prepared (M2-

M4). Therefore a high current density of Pt oxide film reduction is observed centered at 0.75 V 

(NHE). This means a synergy activity formed between Pt nanocatalyst and TiO2-C composites.  

For understand the Pt-TiO2-C behavior, in the Fig. 4 right is presented the CO oxidation curves 

obtained from the CO stripping technique. Table 1, summarizes the electrochemical active area 

(a) (b) 
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EASCO obtained under the oxidation CO curve. The higher EASCO was observed in the 10%Pt-

5%TiO2-C electrocatalysts compare with the 10%Pt-5%SnO2-C, 10%Pt-5%ZnO-C and 10%Pt-C 

materials prepared with the same methodology. The position of the maximum CO oxidation peak 

is similar for the four materials 0.77 V (NHE) (see Table 2).   

 

3.5 Electrocatalytic Activity for the ORR  

Fig. 5-a displays the ORR activity of Pt-oxide-C compared with Pt-C prepared by chemical vapor 

deposition method in oxygen saturated 0.5 M H2SO4 at a rotating speed of 900 rpm at 25°C. As 

observed the Pt-TiO2-C electrocatalysts shows a shift in the EDR curves toward positive 

electrode potentials compared with the Pt/C, Pt-SnO2-C and Pt-ZnO-C prepared by chemical 

vapor deposition.  
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Figure 5. (a) ORR in saturated oxygen-electrolyte at 900 rpm in H2SO4 0.5 M at 5 mV s-1 and (b) Tafel 
slope on (M1)10%Pt-5%TiO2-C, (M2)10%Pt-5%SnO2-C, (M3)10%Pt-5%ZnO-C and (M4)10%Pt-C 

catalysts prepared by CVD. 
 

 

Table 2 summarize the kinetic parameters deduced for the ORR on the Pt-TiO2-C and Pt-C 

electrocatalysts in 0.5 M H2SO4 at 25°C (slope Tafel (mV dec-1), Koutecky-Levich slope (mA-1 

rpm 1/2) and E(NHE) / V a jk=0.01 mA cm-2). The interaction of Pt with the TiO2-C substrate 

shows an ORR kinetic current enhancement of 93 mA cm-2 compared with Pt-C (0.91 mA cm-2). 

(a) (b) 
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In the case of the catalysts Pt-SnO2-C and Pt-ZnO-C prepared by the same methodology, these 

materials present a lower electrochemcial activity than Pt-C sample. This effect may be attributed 

at low interaction Pt-SnO2 and Pt-ZnO obtained by this synthesis methodology. However, is 

neccesary to obtained the TEM results of these samples (M2 and M3) for  a complete analysis of 

their electrochemical behavior. 

 
Table 2. Electrochemical parameters and electrochemical active surface of Pt-C and Pt-TiO2-C 

electrocatalysts prepared by CVD  
Catalysts E (NHE) / 

V CO 

oxidation 

-b, 

 (mV dec
-1

) 

Koutecky-

Levich slope 

(mA
-1

 rpm 
1/2

) 

E (NHE) / 

V a jk=0.01  

mA cm
-2

  

10%Pt-5%TiO2-C 0.77 75 11.2 0.93 

10%Pt-5%SnO2-C 0.78 120 11.6 0.83 

10%Pt-5%ZnO-C 0.77 122 7.6 0.78 

10%Pt-C 0.77 75 9.8 0.91 

 

Fig. 5-b shows the Pt-TiO2-C and Pt-C samples present Tafel slopes. Table 2 summarizes the 

Tafel plot values of Pt-TiO2-C and Pt-C around -0.75 V(NHE) dec-1 and the Pt-SnO2-C and Pt-

ZnO-C presentes a around slope value of -0.120V(NHE) dec-1. These differents values depends 

of the energy of the oxygen adsorption and means that the transfer of the first electron to the 

O2(ads) molecule is the determined step of the kinetic reaction. All samples prepared in this study 

show a similar Koutechky-Levich (K-L) slopes near of the theoretical value (9.8  mA-1 rpm1/2) 

were obtained. Pt-TiO2-C, Pt-SnO2-C and Pt presented a high K-L slope of 11.2, 11.6 and 9.8 

mA-1 rpm1/2 compare with Pt-ZnO-C (7.6 mA-1 rpm1/2). The ORR on the samples Pt-TiO2-C, Pt-

ZnO-C, Pt-SnO2-C and Pt-C prepared by CVD is carried out preferencially the four electrons to 

the water formation.  
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4. CONCLUSIONS 

Platinum nanoparticles deposited on TiO2-C, SnO2-C and ZnO nanocomposites as supports were 

prepared by chemical vapor deposition method. Their electrochemical activity in the ORR 

reaction was compared with Pt-C catalyst prepared by the same methodology. The Pt-C and Pt-

oxide-C samples present a small particles size (< 3nm) with a homogeneous dispersion onto the 

substrate. The Pt-TiO2-C showed an enhancement on their electrochatalitic activity for the ORR 

compared to conventional Pt-C catalyst due to TiO2 presence. The Pt-Ti interaction promotes a 

ligand effect on the platinum electronic properties that increase the oxygen reduction and 

modified the platinum surface for the type of adsorption-desorption of hydrogen and carbon 

monoxide.   
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