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Pt and Rh particles are electrochemically loaded into poly(3,4-ethylenedioxythiophene) doped 

poly(styrene sulfonic acid) matrix by chronocoulometry using the co-deposition technique. X-ray 

photoelectron spectroscopy (XPS) confirms that the strong interaction between Pt particles and 

sulfonic acid groups of PEDOT-PSS. X-ray diffraction analysis (XRD) analysis shows a decrease of Pt 

crystalline facets for the incorporation of Rh into Pt-PEDOT-PSS, indicating a strong interaction 

between Pt and Rh. The surface morphology of scanning electron microscopy (SEM) analysis reveals a 

uniform dispersion of Pt/Rh particles in the PEDOT-PSS matrix. Cyclic voltammetry results and 

chronoamperometric response measurements show that the Pt-Rh-PEDOT-PSS electrode had superior 

electrocatalytic activity and stability toward methanol oxidation. 

 

 

Keywords: Poly(3,4-ethylenedioxythiophene)-poly(styrene sulfonic acid), rhodium, cyclic 

voltammetry, methanol oxidation 

 

1. INTRODUCTION 

Direct methanol fuel cells (DMFCs) are considered promising power sources for electric 

vehicles and electronic portable devices because of their high power density, high vehicle efficiency, 

relatively quick startup, rapid response to variations in loading, long life, simple system design, and 

low operating temperature when compared to conventional rechargeable power sources, such as Li ion 

batteries [1-19]. This is because methanol is a liquid fuel which can be easily stored, handled and 
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produced from oil, natural gas, coal or biomass [20,21]. However, poor methanol oxidation at the 

anode and methanol crossover from the anode to cathode remains to be two of the main challenges for 

the commercial application of DMFC [22]. The negative influence of the methanol crossover can be 

attenuated by incorporation of methanol-tolerant cathode catalysts, such as platinum-based alloys 

(PtPb, PtRu, PtAu, PtCo, and PtSn) [23-35]. Recently, many authors have reported improved catalytic 

performances with these binary catalysts for methanol oxidation. Bimetallic materials have attracted 

great attention in the field of catalysis and electrocatalysis since the second metal can tailor activities 

of interest through changes in the chemical, structural, and electronic nature of the particles. However, 

few reports are available on the catalyst utilization of Pt/Rh bimetallic materials. 

In addition, the development of a supporting material is essential to minimize noble metal 

loadings and achieve optimum catalytic performance. A promising strategy for the development of a 

supporting material is the introduction of conducting polymers (CPs) [36,37]. CPs, showing interesting 

optical, electrochemical, and electrical properties are attractive candidates for composite components 

[38-52]. The CPs can allow a facile flow of electronic charge during the electrochemical oxidation of 

methanol on Pt. Employ CPs as porous supports can disperse the electrocatalysts and make low-

loading catalysts feasible for fuel cell operation [53-58]. 

Among the CPs that have found favor for use as host matrices for the development of such 

systems are mainly polyaniline (PANI) [59,60], polypyrrole (PPy) [61,62], and polythiophene (PT) 

[63] based conducting polymers. Poly(3,4-ethylenedioxythiophene) (PEDOT) and its derivatives 

appear to be one of the most promising candidates for commercial applications. Poly (3,4-

ethylenedioxythiophene) (PEDOT) is an attractive electron conducting polymer. It exhibits high 

electrical conductivity in its oxidized state with chemical stability under ambient conditions. 

Moreover, the solubility of PEDOT was enhanced by poly(styrenesulfonate) (PSS) blending. The 

substitution of carbon by PEDOT or PEDOT-PSS should lead to better catalyst utilization. 

Although there are reports about the use of PEDOT-PSS as support for catalytic electrodes in 

various electrochemical reactions [64], its usage in DMFCs as catalyst support is lacking. The present 

study is an effort to replace carbon with PEDOT-PSS composite as the catalyst support to realize 

PEDOT-PSS-supported Pt/Rh electrodes exhibiting mixed conduction within the catalyst layer to help 

attaining optimum utilization of the Pt catalyst. Pt or Pt-Rh particles were incorporated into PEDOT-

PSS film by electrochemical deposition/codeposition from 0.01 M HCl + 0.1 M KCl solution 

containing (5 mM H2PtCl6．6H2O), (5 mM H2PtCl6．6H2O + 1 mM RhCl3), and (5 mM H2PtCl6．

6H2O + 5 mM RhCl3) for Pt-PEDOT-PSS, Pt-Rh-PEDOT-PSS, and Pt-5Rh-PEDOT-PSS electrodes, 

respectively. Physicochemical properties of the composites obtained have been characterized by X-ray 

diffraction (XRD), scanning electron microscopies (SEM), X-ray photoelectron spectroscopy (XPS), 

and energy-dispersive X-ray (EDX) spectroscopy. It has been demonstrated that Pt-Rh nanoparticles 

dispersed in PEDOT-PSS matrix can be obtained by a simple procedure when the appropriate 

preparation conditions are applied. The electrocatalytic activities of these composite catalysts were 

evaluated by cyclic voltammetry and chronoamperometry methods in 1.0 M methanol + 0.5 M H2SO4 

solution. It is expected that Pt and Rh particles deposited into the PEDOT-PSS film via 

electrochemical codeposition to obtain Pt-Rh-PEDOT-PSS and Pt-5Rh-PEDOT-PSS composite 

electrodes increases the catalyst utilization. Thus, less Pt is used in the modified electrode. 
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2. EXPERIMENTAL 

2.1. Preparation of PEDOT-PSS 

PEDOT-PSS (Alfa) matrix electrode was prepared by spin coating (4000 rpm for 20 s) of 

PEDOT-PSS thin film on the surface of ITO, and then allowed to dry at 150C for 3 min. A thin film 

of PEDOT-PSS was formed over a cleaned indium tin oxide (ITO) electrode (1.0 × 1.0 cm
2
). The 

regular chemical cleaning procedure of ITO coated glass in an ultrasonic bath used detergent, de-

ionized water, and isopropanol in sequence, and then treated by UV-O3 for 30 min. 

 

2.2. Deposition of Pt, Rh and Pt-Rh particles into PEDOT-PSS matrixes 

Pt, Rh, and Pt-Rh particles were incorporated into PEDOT-PSS film by electrochemical 

deposition/codeposition from 0.01 M HCl + 0.1 M KCl solution containing 5 mM H2PtCl6．6H2O (Pt-

PEDOT-PSS), 1 mM RhCl3 (Rh-PEDOT-PSS), 5 mM H2PtCl6．6H2O + 1 mM RhCl3 (Pt-Rh-PEDOT-

PSS), 5 mM H2PtCl6．6H2O + 5 mM RhCl3 (Pt-5Rh-PEDOT-PSS) at a constant potential of -0.2 V 

(vs. Ag/AgCl). For comparison, Pt and Rh particles were also deposited on bare ITO to fabricate E-Pt 

and E-Rh electrode, respectively. Constant deposition charge of 0.2 C was maintained for all 

deposition process. After deposition, the electrodes were rinsed with de-ionized water for 5 min and 

then dried at 150C for 3 min. The weights of Pt for Pt-PEDOT-PSS Pt-Rh-PEDOT-PSS, and Pt-5Rh-

PEDOT-PSS are calculated using XPS, and they are 26, 26 and 36 g cm
-2

, respectively. 

 

2.3. Physical and electrochemical characterizations 

An X-ray photoelectron spectroscopy (XPS) study was performed using an ESCA 210 

spectrometer with Mg Kα (hν = 1253.6 eV) irradiation as the photon source. The primary tension was 

12 kV and the pressure during the scans was approximately 10
-10

 mbar. X-ray diffraction spectra 

(XRD) for the as-prepared electrodes were obtained by exposing the samples to BRUKER D8 

Discover SSS X-ray source with Cu Kα (λ = 0.154 nm) as a target in the diffraction angles (2θ) ranged 

from 10
o
 to 80

o
 with scan rate 4

o
 min

-1
. The surface morphologies of all electrodes were obtained using 

a scanning electron microscope (SEM) (JEOL JSM-6700F) equipped with an energy-dispersive X-ray 

spectroscopy (EDS) detector. 

Electrochemical characterizations of Pt-PEDOT-PSS, Pt-Rh-PEDOT-PSS, Pt-5Rh-PEDOT-

PSS, and E-Rh composite electrodes were carried out using a CHI627D electrochemical analyzer 

(U.S.A.). All experiments were performed in a three-component cell. An Ag/AgCl electrode (in 3 M 

KCl), a Pt wire, and ITO (1-cm
2
 area) were used as the reference, counter, and working electrodes, 

respectively. A Luggin capillary, whose tip was set at a distance of 1-2 mm from the surface of the 

working electrode, was used to minimize errors due to the iR drop in the electrolytes. An impedance 

spectrum analyzer was employed to measure and analyze the AC impedance spectra of electrodes 

obtained at various element resistance values. For the AC signal, the potential amplitude was kept at 

10 mV and the frequency range was 1 mHz to 10 kHz. 
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2.4. Methanol electro-oxidation and stability of  

Pt-PEDOT-PSS, Pt-Rh-PEDOT-PSS, Pt-5Rh-PEDOT-PSS, and E-Rh composite electrodes 

The catalytic activities of Pt-PEDOT-PSS, Pt-Rh-PEDOT-PSS, Pt-5Rh-PEDOT-PSS, and E-Rh 

composite electrodes were examined by cyclic voltammetry (CV) at 10 mV sec
-1

 in the range of -0.2 to 

1.2 V. Chronoamperometric response curves were obtained at 0.6 V in 1.0 M CH3OH + 0.5 M H2SO4 

solution. All the electrochemical experiments were carried out at room temperature. 

 

 

 

3. RESULTS AND DISCUSSION  

3.1. XPS analysis 

XPS study was employed to analyze the binding energy related to S2p core-level spectra of 

PEDOT-PSS, Pt-PEDOT-PSS Pt-Rh-PEDOT-PSS, and Pt-5Rh-PEDOT-PSS. The sulfur core level 

spectrum of PEDOT-PSS film coated on ITO is shown in curve (a) of Fig. 1. The curve shows large 

differences in binding energy depending on the S location of PEDOT and PSS. The peak at 168.5 eV 

corresponds to spin-orbit splitting doublet originates from the sulfur atom of PSS dopants. However, 

the spin-orbit splitting doublet of PEDOT sulfur originates at 164.5 eV. These observations were 

similar to the binding energy of S2p core level spectra of PEDOT-PSS film obtained by sputtering on 

ITO [65]. After the addition of Pt or Pt-Rh particles on PEDOT-PSS film, significant changes occurred 

in S2p core value of sulfur in both PEDOT and PSS. The curve b, c, and d show the formation of a 

shoulder peak (C-S-Pt binding energy) at 161.0~161.8 eV. This evaluation is a good agreement for 

typical C-S-metal bonds appearing in the range between 162 eV and 161 eV [66]. Jonsson et al. [67] 

reported that aluminum/PEDOT-PSS contains an interfacial layer formed by chemical interactions 

between aluminum and mainly sulfonic groups of poly(styrenesulfonic acid) (PSS). The sulfur atoms 

of PSS might be bonded with Pt atoms more easily than that of PEDOT. This is due to the fact that the 

PEDOT doped with excess PSS can react easily with Pt particle surface. From the analysis of S 

elements, we concluded that the strong interaction between Pt particles and sulfonic acid groups of 

PEDOT-PSS. 

 

3.2. Structural characterization of composite electrodes 

The surface morphology of Pt or Pt-Rh particles incorporated in PEDOT-PSS electrode was 

examined by XRD analysis and shown in Fig. 2. The characteristic diffraction peaks of bare ITO was 

observed at about 31°, 36°, 51°, and 61°, corresponding to (222), (400), (440), and (622) plane, 

respectively. The XRD pattern of Pt-PEDOT-PSS obtained using similar fabricating method is also 

shown in curve b. The characteristic diffraction peaks of face centered cubic (fcc) platinum were 

observed at 39.9°, 46.5°, and 68.0° correspond to Pt (111), (200), and (220) plane, respectively. E-Rh 

electrode presented reflection peaks at about 41.1°, 47.8°, and 69.6°, which was assigned to rhodium 

metal particles (curve e) [68].  The diffraction peaks of Rh were found difficulty from XRD pattern of 
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Pt-Rh-PEDOT-PSS and Pt-5Rh-PEDOT-PSS (curve c and d) due to low amounts of Rh particles [24]. 

But co-deposition of Pt/Rh particles onto PEDOT-PSS film, the diffraction peak values of Pt (111) and 

Pt (200) facets are shifted to higher values compared to the respective Pt facets in the bare ITO (curve 

a). The Pt (111) and Pt (200) facets of Pt-Rh-PEDOT-PSS and Pt-5Rh-PEDOT-PSS become broader 

than Pt-PEDOT-PSS, which indicate that the dispersing nature of Pt particles with less particles 

aggregation in PEDOT-PSS matrix. This observation is clearly seen in inset of Fig. 2. The reduced 

peak intensity of Pt (111) and Pt (200) facets was also observed for both Pt-Rh-PEDOT-PSS and Pt-

5Rh-PEDOT-PSS, indicating that the crystalline lattice of platinum might be influenced by the 

existence of Rh particles in composite systems and the strong interaction between Pt and Rh. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. S2p XPS core-level spectra of (a) PEDOT-PSS, (b) Pt-PEDOT-PSS, (c) Pt-Rh-PEDOT-PSS, 

and (d) Pt-5Rh-PEDOT-PSS. 

 

3.3. Surface morphology of Pt or Pt-Rh particles in PEDOT-PSS film 

Fig. 3a-d shows the scanning electron microscopy (SEM) analysis of surface morphology of E-

Pt, Pt-PEDOT-PSS, Pt-Rh-PEDOT-PSS, and Pt-5Rh-PEDOT-PSS electrodes. The aggregation of Pt 

particles was clearly seen on bare ITO for simple deposition of Pt (Fig. 3a), whereas smaller particles 

size of Pt (100-300 nm) with high active surface area was observed for Pt-PEDOT-PSS electrode 

compared to E-Pt. Since PEDOT-PSS act as 3D-random matrix, SO3
- 
groups of PEDOT-PSS uptake of 

Pt
4+

 ions and a protective layer to prevent the aggregation of Pt particles after Pt formation. The S2p 

core level spectra of XPS showed that the PEDOT-PSS-Pt electrode has the strong interaction between 

platinum and sulfonic groups of PEDOT-PSS. Moreover, homogeneous distribution of Pt-Rh particles 

are clearly shown in Pt-Rh-PEDOT-PSS matrix with average particles size about 50-200 nm by co-

deposition of metal precursor salt solution using chronocoulometry technique. In contrast to Pt-



Int. J. Electrochem. Sci., Vol. 7, 2012 

  

8081 

38 40 42

(c)

(b)

(a)

(d)

Pt(111)

In
te

n
si

ty
 (

a
.u

.)
2 Theta (degree)

 

 
20 30 40 50 60 70 80

Pt(220)
Pt(200)

Pt(111)

(c)

(d)

(b)

(a)

(e)

In
te

n
si

ty
 (

a
.u

.)

2 Theta (degree)

**

 

 

*

PEDOT-PSS, less aggregation of Pt particles can be observed for Pt-Rh-PEDOT-PSS and Pt-5Rh-

PEDOT-PSS. The possible explanation is that the addition of Rh might inhibit the agglomeration of Pt 

particles. The existence of Rh can not be seen for all composite electrodes from SEM images. Hence, 

the EDS plot confirms the existence of Pt and Rh in the PEDOT-PSS film (Fig. 4). As shown in Table 

1, the Pt-5Rh-PEDOT-PSS electrode contains more Rh atoms than that of Pt-Rh-PEDOT-PSS due to 

the existence of larger amounts of Rh. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. XRD patterns of (a) E-Pt, (b) Pt-PEDOT-PSS, (c) Pt-Rh-PEDOT-PSS, (d) Pt-5Rh-PEDOT-

PSS, and (e) E-Rh. 

 

3.4. Electrocatalytic activity of Pt or Pt-Rh particles loaded into PEDOT-PSS film 

Pt or Pt-Rh particles were loaded into PEDOT-PSS composite electrodes and tested for their 

electrocatalytic activity of methanol oxidation by cyclic voltammetry. Fig. 5 shows voltammograms of 

Pt-PEDOT-PSS, Pt-Rh-PEDOT-PSS, Pt-5Rh-PEDOT-PSS, and E-Rh composite electrodes obtained in 

0.5 M H2SO4 solution containing 1.0 M methanol at a scan rate of 10 mV s
-1

. Comparing the CV 

results of the electrodes, a significantly higher oxidation current toward methanol oxidation was 

observed for Pt-Rh-PEDOT-PSS compared to those of the other electrodes. A maximum anodic peak 

current density of 185 mA cm
-2

 mg
-1

 was observed for the Pt-Rh-PEDOT-PSS electrode (that for Pt-

PEDOT-PSS was 175 mA cm
-2

 mg
-1

). The voltammograms of the E-Rh electrode show no 

characteristic methanol oxidation peak, indicating that E-Rh particles are electro-catalytically inactive 

toward methanol oxidation (inset, Fig. 5d). The enhanced catalytic activity of Pt-Rh-PEDOT-PSS 

toward methanol oxidation is thus attributed to the facile oxidation of methanol by Rh particles in Pt-
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PEDOT-PSS. However, the oxidation current density for methanol oxidation is about 50 mA cm
-2

 mg
-1

 

for Pt-5Rh-PEDOT-PSS, which is lower than that of Pt-Rh-PEDOT-PSS. This might be due to an 

excessive number of Rh particles cover the surface of Pt particles. In addition, the onset of methanol 

oxidation occurs at about 0.43, 0.37, and 0.38 V for Pt-PEDOT-PSS, Pt-Rh-PEDOT-PSS, and Pt-5Rh-

PEDOT-PSS, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. SEM images of (a) E-Pt, (b) Pt-PEDOT-PSS, (c) Pt-Rh-PEDOT-PSS, and (d) Pt-5Rh-

PEDOT-PSS. 

 

 

Table 1. Atomic percentage of each element in Pt-PEDOT-PSS, Pt-Rh-PEDOT-PSS, and Pt-5Rh-

PEDOT-PSS electrodes from XPS analysis. 

 

Electrode C O Cl S Rh Pt 

Pt-PEDOT-PSS 50.8 29.8 8.2 3.9 0.0 7.3 

Pt-Rh-PEDOT-PSS 53.8 19.2 10.9 2.1 2.0 12.0 

Pt-5Rh-PEDOT-PSS 48.1 22.4 14.8 1.7 5.5 7.5 

 

The low onset of methanol oxidation observed in this study is due to less CO poisoning of Pt 

particles as a result of the fast reaction between Rh particles and the Pt-CO intermediate during 

methanol oxidation. Furthermore, the ratio of the forward oxidation current peak (If) to the reverse 

current peak (Ib), If/Ib, is an important index of the catalyst tolerance to the carbonaceous species 
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accumulation, Pt-CO [69]. As shown in Table 2, the If/Ib value is calculated to be 18.5 for Pt-Rh-

PEDOT-PSS and 1.7 for Pt-PEDOT-PSS, respectively, whereas the Ib value of the Pt-5Rh-PEDOT-

PSS electrode is difficult to evaluate from observation. The high If/Ib value for Pt-Rh-PEDOT-PSS 

indicates that more effective oxidation of methanol occurs and most of the intermediate carbonaceous 

species have been oxidized to CO2 during the forward potential scan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. EDS plots for (a) Pt-PEDOT-PSS, (b) Pt-Rh-PEDOT-PSS, (c) Pt-5Rh-PEDOT-PSS. 
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Figure 5. Cyclic voltammograms of (a) Pt-PEDOT-PSS, (b) Pt-Rh-PEDOT-PSS, (c) Pt-5Rh-PEDOT-

PSS, and (d) E-Rh (inset) in 1.0 M CH3OH ＋ 0.5 M H2SO4 solution with a scanning rate of 10 

mV s
-1

. 

 

Table 2. Cyclic voltammetric data for Pt-PEDOT-PSS, Pt-Rh-PEDOT-PSS, and Pt-5Rh-PEDOT-PSS 

electrodes. 

 

Electrode Onset / V If / mA cm
-2

 mg
-1

 Ib / mA cm
-2

 mg
-1

 If / Ib 

Pt-PEDOT-PSS 0.43 175 105 1.7 

Pt-Rh-PEDOT-PSS 0.37 185 10 18.5 

Pt-5Rh-PEDOT-PSS 0.38 50 － － 

 

Based on the above supposition, the following mechanism is proposed for the oxidation of 

methanol in 0.5 M H2SO4 at the Pt-Rh-PEDOT-PSS electrode by the dissociative adsorption process. 

This results in a series of adsorbed intermediates forming on the Pt surface [70]. 

 

CH3OH + Pt  →  Pt-(CHZO)ad + (4-Z)H
+
 + (4-Z) e

-
  (0 ≤ Z ≤ 4) …..….(1) 

      Pt-Rh + H2O → Pt-Rh (OH) + H
+
+ e 

-
 

 

The role of Rh particles in Pt-Rh catalysts for methanol oxidation is considered to be similar to 

that of ruthenium in platinum-ruthenium catalysts, in which species on ruthenium can oxidize the 

adsorption of CO on platinum. The Rh helps the transformation of adsorbed intermediates to carbon 

dioxide. The clean Pt surface then becomes available for further oxidation of methanol. 
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Pt-(CHZO)ad + Pt-Rh (OH) → Pt + Pt-Rh + CO2 + H2O………...(2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Nyquist plots for Pt-PEDOT-PSS (●), Pt-5Rh-PEDOT-PSS (◆), and Pt-Rh-PEDOT-PSS (

★) electrodes in 1.0 M CH3OH + 0.5 M H2SO4 solution and an applied potential of 0.40 V vs. 

Ag/AgCl using a AC amplitude of 10.0 mV. Equivalent circuit was used to fit the impedance 

spectra (inset). 

 

3.5. Electrochemical impedance spectroscopy measurements 

Mechanism for oxidation of methanol confirmed by electrochemical impedance spectroscopy 

(EIS) measurements. The EIS was used to determine the charge-transfer resistance for Pt-PEDOT-

PSS, Pt-5Rh-PEDOT-PSS, and Pt-Rh-PEDOT-PSS toward methanol oxidation. Fig. 6 shows the 

Nyquist plots obtained in 1.0 M CH3OH + 0.5 M H2SO4 solution at applied potential of 0.40 V vs. 

Ag/AgCl using a AC amplitude of 10.0 mV for Pt-PEDOT-PSS, Pt-5Rh-PEDOT-PSS, and Pt-Rh-

PEDOT-PSS electrodes. At the potential of 0.40 V vs. Ag/AgCl, the CO is absorbed on the surface of 

platinum particles during the methanol oxidation process and Rh can oxidize CO surface of platinum 

particles. To interpret the impedance results, the equivalent circuit was used to fit the EIS data in Fig. 6 

(inset). This circuit consists of a solution resistance (Rs) in series with a parallel combination of charge 

transfer resistance (Rct) and constant phase element (CPE), the parallel combination (Rct and CPE) 

leads to a depressed semicircle in the corresponding Nyquist impedance plot. 

According to experiment data based on equivalent circuits, it is clear that the lowest charge-

transfer resistance (Rct = 1.35 kΩ) can be observed for Pt-Rh-PEDOT-PSS than Pt-PEDOT-PSS (Rct 

= 3.18 kΩ) due to the presence of Rh in Pt-PEDOT-PSS matrix. This can be explained by Rh oxidized 
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CO of platinum surface to form CO2. Moreover, the charge-transfer resistance of Pt-Rh-PEDOT-PSS is 

lower than that of Pt-5Rh-PEDOT-PSS (Rct = 2.27 kΩ), implying excess Rh particles on Pt-PEDOT-

PSS electrode causes higher charge-transfer resistance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Long-term stability of (a) Pt-PEDOT-PSS, (b) Pt-Rh-PEDOT-PSS, and (c) Pt-5Rh-PEDOT-

PSS in 1.0 M CH3OH ＋ 0.5 M H2SO4 aqueous solution. Note: Experiment was carried out 

using cyclic voltammetry from -0.2 to 1.2 V at a scan rate of 10 mVs
-1

 for 60 cycles (4.7 h), 

operating time was estimated from cycle numbers. 

 

3.6. Electrocatalytic long-time stability of Pt or Pt-Rh particles loaded into PEDOT-PSS film 

The long-term stability of Pt-PEDOT-PSS, Pt-Rh-PEDOT-PSS, and Pt-5Rh-PEDOT-PSS for 

methanol oxidation were examined in 1.0 M CH3OH + 0.5 M H2SO4 solution at a 10 mVs
−1

 scanning 

rate for 60 cycles (4.7 h). The scan rate employed in the work allows CO to form at 0.4 V. We 

anticipate that the formation of CO and adsorption on Pt sites become significant with increasing cycle 

numbers for methanol oxidation. The drop of the maximum current is attributed to the CO poisoning of 

Pt active sites during the scanning in aqueous solution. The overall electrocatalytic performance of the 

test electrodes will be affected by deactivation due to the CO poisoning on Pt active sites. The plot of 

forward oxidation current peak (If) for methanol oxidation vs. time (estimated from cycle numbers) is 

presented in Fig. 7. It shows that anodic current increases with increasing operation time at the initial 

stage for all the electrodes. After long-time, the anodic currents of methanol oxidation for all the 

electrodes first reach a maximum and then decrease. The decrease in the anodic current for methanol 

oxidation can be attributed to the poisoning of active Pt sites by CO species produced during methanol 

oxidation. Interestingly, Pt-Rh-PEDOT-PSS and Pt-5Rh-PEDOT-PSS exhibited different 
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characteristics from that of Pt-PEDOT-PSS. The current increases after a slight fall, implying that the 

active Pt sites might be regenerated during this period. However, the oxidation current density for 

methanol oxidation for Pt-Rh-PEDOT-PSS is higher than that of Pt-5Rh-PEDOT-PSS for 60 cycles, 

this might be due to an excessive amounts of Rh particles cover the surface of Pt particles. 

Additionally, the performance of Pt-5Rh-PEDOT-PSS, Pt-PEDOT-PSS, and Pt-Rh-PEDOT-

PSS electrodes towards the methanol oxidation reaction after long-time operation was tested using 

chronoamperometry. Fig. 8 shows the chronoamperograms of Pt-5Rh-PEDOT-PSS, Pt-PEDOT-PSS, 

and Pt-Rh-PEDOT-PSS electrodes recorded at 0.6 V in solution of 1.0 M CH3OH + 0.5 M H2SO4 for 3 

hours. After long-time operation, a steady state current density is achieved. It can be observed that Pt-

Rh-PEDOT-PSS electrocatalyst maintained the highest current density. For example, the currents at 

2.5 h are 10.5, 6.0, and 2.0 mA cm
-2

 mg
-1

 for Pt-Rh-PEDOT-PSS, Pt-PEDOT-PSS, and Pt-5Rh-

PEDOT-PSS electrodes, respectively. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 8. Chronoamperometric responses of (a) Pt-5Rh-PEDOT-PSS, (b) Pt-PEDOT-PSS, and (c) Pt-

Rh-PEDOT-PSS at 0.6 V (vs. Ag/AgCl) in 1.0 M CH3OH + 0.5 M H2SO4 solution. 

 

 

4. CONCLUSIONS 

Pt and Rh particles were successfully embedded into PEDOT-PSS matrix to form Pt-Rh-

PEDOT-PSS composite electrode by electrochemical codeposition. The Pt-Rh-PEDOT-PSS based 

composite electrode exhibits a higher current density and stability toward methanol oxidation, 

demonstrating Pt-Rh-PEDOT-PSS electrode is a promising material as catalysts for methanol 

oxidation. The -SO3H group in polymer matrix for 3D deposition of Pt and Rh is interesting and the Rh 
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favors the transformation of CO to carbon dioxide on platinum surface. PEDOT-PSS matrix provides 

an environment for dispersing Pt and Rh particles with less aggregation, and PEDOT-PSS matrix is a 

potential candidate for preparing anode electrocatalyst in direct methanol fuel cell. 
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