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A bioinspired approach to protectively decorate platinumecarbon
for enhanced activity and durability in oxygen reduction
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h i g h l i g h t s g r a p h i c a l a b s t r a c t

� Pt/C was protectively decorated by
DA self-polymerization and pyrolysis
processes.

� Methanol tolerance of the NCePt/C
catalyst was enhanced.

� NCePt/C still keeps 41.7% of its
biggest ECSA after 1650 cycles.

� E1/2 of NCePt/C for ORR was 21 mV
more positive relative to Pt/C after
cycles.

� Increased particle diameter in NC
ePt/C was markedly smaller than Pt/
C after cycles.
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a b s t r a c t

This work develops a versatile and effective approach of protective decoration to improve the catalytic
performance of nanostructured catalysts. The commercial platinumecarbon catalyst is decorated with
polydopamine carbide via self-polymerization and pyrolysis processes. The electrocatalytic performance
of the novel polydopamine carbide decorated platinumecarbon catalyst is characterized by voltammo-
gram. Origin of improvement in its performance is analyzed by X-ray photoelectron spectroscopy and
transmission electron microscope. It is exhibited that the catalytic activity and durability for oxygen
reduction reaction and methanol tolerance of the polydopamine carbide decorated platinumecarbon
catalyst are enhanced. The promoted effects result from the thermal treatment and decoration of pol-
ydopamine carbide which provides N species, slightly alters the Pt electronic structure and prevents Pt
from agglomeration during long-term potential cycling.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Carbon supported Pt (Pt/C) catalysts of the cathodes in direct
methanol fuel cells (DMFCs) undergo dissolution and agglomera-
tion during operation on account of low pH, high potential, high
oxygen concentration and high relative humidity [1,2], bringing
about decrease in Pt surface area and cathode catalytic efficiency
[3]. One effective way to address this issue is decorating Pt/C with a

* Corresponding author. State Key Laboratory of Structural Chemistry, Fujian
Institute of Research on the Structure of Matter, Chinese Academy of Sciences,
YangQiao West Road 155#, Fuzhou 350002, PR China. Tel./fax: þ86 591 2285 3916.

E-mail address: wangyb@fjirsm.ac.cn (Y. Wang).

Contents lists available at ScienceDirect

Journal of Power Sources

journal homepage: www.elsevier .com/locate/ jpowsour

http://dx.doi.org/10.1016/j.jpowsour.2014.06.096
0378-7753/© 2014 Elsevier B.V. All rights reserved.

Journal of Power Sources 268 (2014) 591e595

mailto:wangyb@fjirsm.ac.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpowsour.2014.06.096&domain=pdf
www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
http://dx.doi.org/10.1016/j.jpowsour.2014.06.096
http://dx.doi.org/10.1016/j.jpowsour.2014.06.096
http://dx.doi.org/10.1016/j.jpowsour.2014.06.096


protectant (e.g., a polymer or an oxide). For example, Pt/C was
decorated with nafion during synthesis [4] or with polyaniline by
induced polymerization in the presence of ammonium perox-
odisulfate at a low temperature (<5 �C) [5]. These two catalysts
above exhibited enhanced stability after decoration. In order to
drive organics to directionally polymerize and decorate the cata-
lyst, reaction conditions need to be accurately controlled in many
cases. Furthermore, many decorated noble metal catalysts were
ignored to be assessed for their methanol tolerance [4e7]. How-
ever, this assessment is very important because cathode catalytic
efficiency can also be decreased by methanol cross-over through
proton exchange membrane (PEM) in DMFCs.

As a versatile adhesive in living nature, dopamine (DA) can very
easily adhere to nearly all types of material surfaces via sponta-
neous adsorption and polymerization processes [8,9]. Formation of
polydopamine (PDA) coating involves the step of oxidizing catechol
to quinine, followed by polymerization in a sense reminiscent of
melanin formation [9,10]. Owing to this versatile adhesive attrac-
tion, DA can be used to decorate Pt/C for enhanced stability. How-
ever, PDA is not absolutely stable in strongly acidic medium [9]. To

overcome this defect, PDA should be converted into N-doped car-
bon (NC, PDA carbide) [11] by its pyrolysis in inert atmosphere. In
this work, a novel PDA carbide-decorated Pt/C catalyst was syn-
thesized via self-polymerization and pyrolysis processes. Methanol
tolerance, oxygen reduction reaction (ORR) activity and ORR cata-
lytic durability of the NCePt/C catalyst were investigated.

2. Experimental

2.1. Synthesis of catalyst

The NCePt/C catalyst was synthesized by self-polymerization
and pyrolysis processes of dopamine on the commercial Pt/C
catalyst (20 wt.%, JohnsonMatthey). A typical preparation consisted
of the following steps: 100 mg of the Pt/C catalyst and 25 mg of
dopamine hydrochloride were dispersed in 100 and 40 ml of
double distilled water under ultrasonic stirring, respectively. The
dopamine hydrochloride solution was added dropwise to the Pt/C
suspension above under magnetic stirring. After that, the pH of the
mixture was adjusted to 8.5 by a 1.5 M of TriseHCl solution.

Fig. 1. (A) Cyclic voltammograms of Pt/C, Pt/C-500 and NCePt/C in N2-saturated 0.5 M H2SO4; (B) Cyclic voltammograms of NCePt/C in O2-saturated (solid lines) and N2-saturated
0.5 M H2SO4 (dash lines); (C) Cyclic voltammograms of Pt/C, Pt/C-500 and NCePt/C in 0.5 M H2SO4 þ 1 M CH3OH; Rotating-disk voltammograms of the as-prepared catalysts in O2-
saturated 0.5 M H2SO4 at 1600 rpm before (D) and after (F) 1650 CV cycles in N2-saturated 0.5 M H2SO4; (E) Normalized Pt ECSAs of the Pt/C and NCePt/C electrodes as functions of
the number of CV cycles in N2-saturated 0.5 M H2SO4. Cyclic voltammogram was conducted at 50 mV s�1.
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