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Poly(o-methoxyaniline)/Pt-M (POMA/Pt-M, M=Ru, Au, Pd) composite catalysts have been 

successfully fabricated by a two-step electrodeposition and used for the methanol electrooxidation. As-

prepared composite catalysts are characterized by SEM and electrochemical analysis. The results of 

the catalytic activity for the methanol electrooxidation show that the composite catalysts have higher 

catalytic activity and stronger poisoning-tolerance than Pt/GC. And the catalytic activities sequences 

for the methanol electrooxidation on the different catalysts are Pt-Ru/POMA/GC  Pt/POMA/GC  Pt-

Au/POMA/GC  Pt/GC. 

 

 

Keywords: Conducting polymer, Poly(o-methoxyaniline), Platinum nanoparticles, Composite catalyst, 
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1. INTRODUCTION 

The direct methanol fuel cell (DMFC) has attracted great attention because of its high-energy 

conversion efficiency, low operating temperature, low pollutant emission and the simplicity of 

handling liquid fuel [1,2]. Pt has been extensively used as the catalyst for methanol electrooxidation 

[3-6]. However, some intermediate products (e.g., COads) of methanol oxidation reaction are readily 

and strongly adsorbed on the surface of Pt catalyst, which leads to severe limitations in the oxidation 

kinetics [7]. In order to improve the catalytic performance of Pt catalyst, an ideal approach is to use 

multicomponent catalysts [8-10]. In addition, a high dispersed nano-catalyst possesses excellent 
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electrocatalytic activity [11]. Therefore, it is necessary to develop a good catalyst support for the 

development of DMFC. 

Conducting polymers (CPs) have received an increasing attention due to their potential 

application in catalysis, sensors, microelectronics technique and anticorrosion coatings [12]. It is well 

known that electrodeposition is one of the effective methods for the preparation of CPs and its 

composite materials [5,6,13-17]. CPs with stable three-dimensional structure and are not only electron 

conducting, but also proton conducting materials which can be proposed as the suitable catalyst 

supports [18-25]. Up to now, the studies of CPs as host material of Pt nanoparticles are centered on the 

polyaniline [23,26], polypyrrole [19], polythiophene and their derivatives [27,28]. Among the above 

CPs, polyaniline and its derivatives are widely used as the host material of catalysts in the 

electrocatalysis. As one of polyaniline derivatives, poly(o-methoxyaniline) (POMA) with good 

solubility [29,30], electrocatalytic activity [31,32] and thermal stability [33,34] has been widely 

applied to battery [35], transistor [36] and nanobiotechnology [37,38]. Moreover, monometallic Pt 

nanoparticles dispersed on POMA films exhibited an enhanced performance for the methanol 

electrooxidation [39,40]. However, there have been no reports on the bimetallic Pt-M catalysts 

supported on POMA films. 

In this paper, a three-dimensional porous POMA film has been prepared by a simple 

potentiostatic electrodeposition method in 0.1 M o-methoxyaniline + 0.5 M H2SO4 solution. Pt and its 

alloy Pt-M (M = Ru, Au, Pd) have also been successfully electrodeposited on the porous POMA films. 

As-prepared composite catalysts were characterized by SEM and electrochemical methods. The 

catalytic activities of composite catalysts for methanol electrooxidation were also evaluated by cyclic 

voltammetry and chronoamperometry. 

 

 

2. EXPERIMENTAL 

2.1 Materials and instruments 

o-Methoxyaniline (99%), H2SO4, CH3OH, H2PtCl6, RuCl3, PdCl2 and HAuCl4 were analytical-

grade purity. o-Methoxyaniline was distilled before use. Doubly distilled water was used throughout. 

The electrochemical experiments were carried out using a CHI 660B potentiostat/galvanostat 

(Shanghai Chenhua Instrumental Co., Ltd., China) at room temperature. Glassy carbon electrode (GC, 

3mm diameter) was used as the substrate electrode. The counter electrode and the reference used were 

platinum wire (0.5mm diameter) and saturated calomel electrode (SCE), respectively. The solutions 

were deaerated by a dry nitrogen stream and maintained with a slight overpressure of nitrogen during 

the experiments. A scanning electron microscope (SEM, FEI Quanta 200) was used to determine the 

morphology of composites. 

 

2.2 Preparation of POMA and composite catalysts 

Before modification, GC surface was polished with 0.3 m alumina slurry, and then rinsed with 

doubly distilled water in ultrasonic bath. Pt/POMA/GC and Pt-M (M = Ru, Au, Pd)/POMA/GC were 
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prepared using the following route. Briefly, the electrodeposition of POMA on GC was performed in 

0.5 M H2SO4 solution containing 0.1 M o-methoxyaniline at the constant potentials of 0.7 V. And then 

the POMA-modified GC electrode (POMA/GC) was thoroughly rinsed with ethanol and water. 

Monometallic Pt nanoparticles were electrodeposited on POMA/GC in a 2.6 mM H2PtCl6 + 0.5 M 

H2SO4 solution at -0.2 V. Bimetallic Pt-M nanoparticles were electrodeposited on POMA/GC, 

respectively, from 2.6 mM H2PtCl6 + 2.6 mM RuCl3 + 0.5 M H2SO4 solution (for Pt-Ru/POMA/GC), 

2.6 mM H2PtCl6 + 2.6 mM HAuCl4 + 0.5 M H2SO4 solution (for Pt-Au/POMA/GC) and 2.6 mM 

H2PtCl6 + 2.6 mM PdCl2 + 0.5 M H2SO4 solution and (for Pt-Pd/POMA/GC). The amount of metal 

deposited is determined by controlling the amount of the charge integrated during metal deposition 

[41]. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Electrochemical synthesis of POMA 

Fig. 1 shows the successive cyclic voltammograms (CVs) of 0.1 M o-methoxyaniline on GC in 

a 0.5 M H2SO4 solution. As the CV scans continued, a polymer film was formed on the GC surface. 

The increase of the redox wave currents implied that the amount of the polymer on GC electrode was 

increasing [42]. In the first positive sweep, the monomer oxidation started at about 0.64 V, and then 

part of product yielded from o-methoxyaniline oxidation was deposited on the electrode, i.e., the 

polymer growth process was beginning to take place. And the reduction peaks of the polymer appeared 

during the negative scan. Similar to polyaniline [43,44], the first peak (O1) was related to the oxidation 

of POMA in the leucoemeraldine oxidation state to the emeraldine oxidation state. The second peak 

(O2) corresponded to the oxidation of head-to-tail dimer. The third peak (O3) corresponded to the 

conversion from emeraldine to pernigraniline structure. 

 

 
 

Figure 1. CVs of 0.1 M o-methoxyaniline on GC electrode in 0.5 M H2SO4 at 50 mV s
-1

. 
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3.2 Electrochemical behavior of POMA 

In order to get insight into the electrochemical properties of POMA, the CV of POMA was 

tested in 0.5 M H2SO4 solution (Fig. 2). As seen from Fig. 2, POMA had three pairs of cathodic and 

anodic peaks. It is well known that the smaller difference of (Ea-Ec) (Ea and Ec are the oxidation and 

reduction peak potential, respectively) related to the kinetics of the doping-dedoping reactions implies 

that the redox behavior of polymer is more reversible. In Fig. 2, the difference of (Ea-Ec) of the three 

pairs of the redox peaks were 0.04 V (EO1-EO1′), 0.01 V (EO2-EO2′) and 0.03 V (EO3-EO3′), respectively. 

Therefore, it was concluded that POMA film had an excellent redox reversibility in H2SO4 solution. 

 

 

Figure 2. CVs of POMA/GC in 0.5 M H2SO4 solution at 50 mV s
-1

. 

 

3.3 Morphologies of POMA and composite catalysts 

Fig. 3 shows the SEM images of POMA and different composite catalysts. As seen from Fig. 

3a, macroscopically, POMA seems to be smooth and homogeneous. However, microscopically, 

POMA is a three-dimensional porous network structure (Fig. 3b).  

Since POMA acted as a 3D-random matrix, it could provide an environment to disperse the 

individual Pt or Pt-M nanoparticles.  

It was seen from Fig. 3c-f, metal nanoparticles were dispersed uniformly on the POMA surface 

and the morphologies of metal nanoparticles were similar.  
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Figure 3. SEM images of POMA/GC (at low magnification (a) and enlarged magnification (b)), 

Pt/POMA/GC (c), Pt-Ru/POMA/GC (d), Pt-Au/POMA/GC (e) and Pt-Pd/POMA/GC (f). 

 

3.4 Hydrogen adsorption characteristics of composite catalysts 

In further electrochemical experiments, CVs of Pt/GC, Pt/POMA/GC, Pt-Ru/POMA/GC, Pt-

Pd/POMA/GC and Pt-Au/POMA/GC were tested in 0.5 M H2SO4 (Fig. 4). Except the Pt-

Pd/POMA/GC electrode, the characteristic peaks for the hydrogen adsorption/desorption on Pt/GC, 

Pt/POMA/GC, Pt-Ru/POMA/GC and Pt-Au/POMA/GC electrodes were clearly observed between -

0.25 and 0.05 V. Generally, the integrated intensity of hydrogen desorption represented the number of 

available sites of Pt [45]. As seen from Fig. 4, the integrated areas of hydrogen desorption on the 

different electrodes decreased in the order of Pt/POMA/GC, Pt-Ru/POMA/GC, Pt-Au/POMA/GC and 

Pt/GC. From the above results, the integrated intensity of hydrogen desorption on Pt-M/POMA/GC 

was smaller than that on Pt/POMA/GC. This was due to the presence of M metal in the composite 

catalysts. 
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Figure 4. CVs of Pt/GC, Pt/POMA/GC, Pt-Ru/POMA/GC, Pt-Pd/POMA/GC and Pt-Au/POMA/GC in 

0.5 M H2SO4 solution at 50 mV s
-1

. 

 

3.5 Electrooxidation of methanol 

Fig. 5 shows the CVs of methanol oxidation on Pt/GC, Pt/POMA/GC, Pt-Ru/POMA/GC, Pt-

Pd/POMA/GC and Pt-Au/POMA/GC electrodes in 1.0 M methanol + 0.5 M H2SO4 solution. As 

observed from Fig. 5, the peak potential of methanol oxidation was around 0.65 V in the anodic sweep 

of curve. The current density on Pt/POMA/GC was enhanced obviously compared with Pt/GC, which 

showed that POMA could promote the electrooxidation of methanol. On the other hand, the activity of 

methanol electrooxidation on Pt-M alloys supported on POMA was also enhanced. For example, the 

peak current density of methanol oxidation on Pt-Ru/POMA/GC was 9.7, 1.1 and 3.6 times of that on 

Pt/GC, Pt/POMA/GC and Pt-Au/POMA/GC, respectively. The peak current density of methanol 

oxidation on Pt-Ru/POMA/GC was almost the same as that on Pt/POMA/GC, however, at a lower 

potential, the current density of methanol oxidation on Pt-Ru/POMA/GC was higher than that on 

Pt/POMA/GC. At low potential (for example, at 0.4 V), the oxidation current of methanol on Pt-

Ru/POMA/GC was 2.6 times of that on Pt/POMA/GC. On the other hand, the onset oxidation potential 

on Pt-Ru/POMA/GC was shifted negatively compared with other electrodes. Moreover, we noted that 

Pt-Pd/POMA/GC did not show any electrocatalytic activity for methanol oxidation. Based on above 

results, it was concluded that the capabilities of methanol electrooxidation on these electrodes followed 

the order: Pt-Ru/POMA/GC  Pt/POMA/GC  Pt-Au/POMA/GC  Pt/GC  Pt-Pd/POMA/GC. 
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Figure 5. CVs of methanol oxidation on Pt/GC, Pt/POMA/GC, Pt-Ru/POMA/GC, Pt-Pd/POMA/GC 

and Pt-Au/POMA/GC electrodes in 1.0 M CH3OH and 0.5 M H2SO4 solution at potential scan 

rates of 50 mV s
-1

. 

 

The typical chronoamperometric curves on Pt/GC, Pt/POMA/GC, Pt-Ru/POMA/GC and Pt-

Au/POMA/GC electrodes in 1.0 M methanol + 0.5 M H2SO4 solution were recorded, as shown in Fig. 

6.  

 
Figure 6. Chronoamperometric curves (at 0.6 V) of methanol oxidation on Pt/GC, Pt/POMA/GC, Pt-

Ru/POMA/GC and Pt-Au/POMA/GC electrodes. 
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When the applied potential was 0.6 V, the decay trend of current density of methanol oxidation 

on the four electrodes was different. Due to the continuous oxidation of methanol on the catalyst 

surface, tenacious reaction intermediates such as COads would begin to accumulate if the kinetics of the 

removal reaction could not keep pace with that of methanol oxidation. A slow decay of oxidation 

current density with time implies that the catalyst has good poisoning-tolerance ability [23,46]. As 

seen from Fig. 6, the decay of current density for methanol oxidation on Pt-Ru/POMA/GC was 

significantly slow. And at the end of the test, the oxidation current on Pt-Ru/POMA/GC retained 

largest among these electrodes. This indicated that Pt-Ru/POMA/GC had the best poisoning-tolerance 

performance for methanol oxidation. 

 

 

 

4. CONCLUSIONS 

In this paper, POMA/Pt-M (M=Ru, Au, Pd) composite catalysts were successfully fabricated 

by the electrochemical method and their electrocatalytic performances for the methanol 

electrooxidation in H2SO4 solution were investigated. The results showed that POMA and Pt-M 

bimetal modified GC electrode improved significantly the catalytic activity of Pt nanoparticles for 

methanol electrooxidation. Additionally, the activity of methanol oxidation on these composite 

electrodes followed the order: Pt-Ru/POMA/GC  Pt/POMA/GC  Pt-Au/POMA/GC  Pt/GC. 

 

 

 

ACKNOWLEDGEMENTS 

This work was supported by the National Natural Science Foundation of China (Grant Nos. 51073114, 

20933007, 51073074 and 50963002), the ‘One Hundred Talents’ program of Chinese Academy of 

Sciences (1029471301), the Opening Project of Xinjiang Key Laboratory of Electronic Information 

Materials and Devices(XJYS0901-2010-01), the Priority Academic Program Development of Jiangsu 

Higher Education Institutions(PAPD). 

 

 

References 

 

1. J. Li, Y. Liang, Q. Liao, X. Zhu, X. Tian, Electrochim. Acta 54 (2009) 1277. 

2. B. Habibi, M.H. Pournaghi-Azar, H. Abdolmohammad-Zadeh, H. Razmi, Int. J. Hydrogen Energy 

34 (2009) 2880. 

3. K. Shimazu, K. Uosaki, H. Kita, Y Nodasaka, J. Electroanal. Chem. 256 (1988)  481. 

4. M. Watanabe, S. Saegusa, P. Stonehart, J. Electroanal. Chem. 271 (1989) 213. 

5. W.Q. Zhou, Y.K. Du, F.F. Ren, C.Y. Wang, J.K. Xu, P. Yang, Int. J. Hydrogen Energy 35 (2010) 

3270.   

6. W.Q. Zhou, C.Y. Zhai, Y.K. Du, J.K. Xu, P. Yang, Int. J. Hydrogen Energy 34 (2009)  9316. 

7. K.L. Nagashree, M.F. Ahmed, Synth. Met. 158 (2008) 610. 

8. I.Ávila-García, C. Ramírez, J.M. Hallen López, E.M. Arce Estrada, J. Alloys Compd. 495 (2010) 

462. 

9. M.A. Abdel Rahim, M.W. Khalil, H.B. Hassan, J. Appl. Electrochem. 30 (2000) 1151. 

10. A.Lima, C. Coutanceau, J.M. Léger, C. Lamy, J. Appl. Electrochem. 31 (2001) 379. 



Int. J. Electrochem. Sci., Vol. 6, 2011 

  

5709 

11. S. Singh, J. Datta, J. Mater. Sci. 45 (2010) 3030. 

12. G. Inzelt, M. Pineri, J.W. Schultze, M.A. Vorotyntsev, Electrochim. Acta 45 (2000) 2403. 

13. G.M. Nie, Y. Zhang, Q.F. Guo, S.S. Zhang, Sens. Actuators B 139 (2009) 592. 

14. G.M. Nie, X.J. Han, J. Hou, S.S. Zhang, J. Electroanal. Chem. 604 (2007) 125. 

15. J.K. Xu, H.T. Liu, S.Z. Pu, F.Y. Li, M.B. Luo, Macromolecules 39 (2006) 5611. 

16. C.L. Fan, J.K. Xu, W. Chen, B. Dong, J. Phys. Chem. C 112 (2008) 12012. 

17. M.L. Ma, H.T. Liu, J.K. Xu, Y.Z. Li, Y.Q. Wan, J. Phys. Chem. C 111 (2007) 6889. 

18. W.T. Napporn, H. Laborde, J.M. Leger, C. Lamy, J. Electroanal. Chem. 404(1996):153 

19. M. Hepel, J. Electrochem. Soc. 145 (1998) 124. 

20. F. X. Jiang, R. Zhou, Z. Q. Yao, Y. K. Du, J. K. Xu, P. Yang, C. Y. Wang, Int. J. Electrochem. 

Sci., 6 (2011) 4114 

21. W.Q. Zhou, Y.K. Du, H.M. Zhang, J. K. Xu, P.Yang, Electrochim. Acta. 55 (2010) 2911. 

22. W.Q. Zhou, C.Y. Wang, J.K. Xu, Y.K. Du, P. Yang, Mater. Chem. Phys. 123 (2010) 390. 

23. J. Shi, Z. Wang, H.L. Li, J. Mater. Sci. 42 (2007) 539. 

24. J.W. Liu, J.X. Qiu, Y.Q. Miao, J.R. Chen, J. Mater. Sci. 43 (2008) 6285.  

25. M. Hosseini, M.M. Momeni, M. Faraji, J. Mater. Sci. 45 (2010) 2365. 

26. F.J. Liu, L.M. Huang, T.C. Wen, A. Gopalan, Synth. Met. 157 (2007 ) 651. 

27. S. Swathirajan, Y.M. Mikhail, J. Electrochem. Soc. 139 (1992) 2105. 

28. S.M. Golabi, A. Nozad, J. Electroanal. Chem. 521 (2002) 161. 

29. D.M. Jr, B.L. Funt, Synth. Met. 25 (1988) 235. 

30. R.M. Faria, L.H.C. Mattoso, M. Ferreira, O.N.O. Jr, D. Gonçalves, L.O.S. Bulhões, Thin Solid 

Films 221 (1992) 5. 

31. D. Gonçalves, L.H.C. Mattoso, L.O.S. Bulhões, Electrochim. Acta 39 (1994) 2271. 

32. A.E. Fischer, T.M. McEvoy, J.W. Long, Electrochim. Acta 54 (2009) 2962. 

33. W.A. Gazotti, P.S.D. Freitas, W.R. Waldman, M.A.D. Paoli, Synth. Met. 102 (1999) 1207. 

34. L.F. Malmonge, L.H.C. Mattoso, Polymer 41 (2000) 8387. 

35. W.A.G. Jr, N. Camaioni, G. Casalbore-Miceli, M.A.D. Paoli, A.M. Fichera, Synth. Met. 90 (1997) 

31. 

36. R.F. Bianchi, R.K. Onmori, D. Goncalves, A.M.D. Andrade, R.M. Faria, E.A. Irene, Synth. Met. 

121 (2001) 1687. 

37. A.Dawn, A.K. Nandi, J. Phys. Chem. B 110 (2006) 18291.  

38. A.Dawn, A.K. Nandi, J. Phys. Chem. C 111(2007) 6268. 

39. D. Profeti, P. Olivi. Electrochim. Acta 49 (2004) 4979.  

40. C. Sivakumar. Electrochim. Acta 52 (2007) 4182. 

41. C.W. Kuo, L.M. Huang, T.C. Wen, A. Gopalan, J. Power Sources 160 (2006) 65. 

42. G.M. Nie, T. Cai, S.S. Zhang, Q. Bao, J.K. Xu, Electrochim. Acta 52 (2007) 7097. 

43. A.Yan, J. Yang, Y. Hi, Y. Cao, Synth. Met. 44 (1991) 189. 

44. M.L. Aguirre, B.A. Retamal, M.S. Ureta-Zanartu, J.H. Zagal, R. Cordova, R. Schrebler, S.R. 

Biaggio, J. Electroanal. Chem. 328 (1992) 319. 

45. Z.L. Liu, J.Y. Lee, M. Han, W.X. Chen, L.M. Gan, J. Mater. Chem. 12 (2002) 2453. 

46. X. Li, J.B. Jia, Y.Z. Wang, B.L. Zhang, S.J. Dong, Int. J. Hydrogen Energy 35 (2010) 12169. 

 

 

© 2011 by ESG (www.electrochemsci.org) 

 

 

http://www.electrochemsci.org/

