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Abstract An easy and simple method of one-step reac-
tion was employed to synthesize the platinum-adsorbed
polypyrrole nanocomposite (Pt-PPy). The prepared nano-
composite materials were characterized using UV-vis
absorption spectroscopy, scanning electron microscopy,
Fourier transform infrared spectroscopy, thermogravimet-
ric analysis, and cyclic voltammetry. Polypyrrole within
nanocomposite could crosslink to improve its stability on
the Au substrates. O, reduction was performed at Au
electrodes modified Pt-PPy in O,-saturated 0.5 M H,SO,
solution. The results clearly show that modification of Pt-
PPy nanocomposite results in the enhancement of the
electrocatalytic reduction of oxygen. The nanocomposite
may provide a novel electrode material for application in
fuel cells and oxygen sensors.

Introduction

The electrocatalytic oxygen reduction reaction is of basic
and practical interest in fuel cells and various oxygen-
based electrochemical sensors, which has made it one of
the most thoroughly studied reactions of modern electro-
chemistry [1, 2]. It is believed that platinum and platinum-
based systems are so far the most active and practical
catalysts for the electroreduction of oxygen in acid media
[3], and that the nanostructured materials can produce
electrocatalyst more effectively due to their large surface-
to-volume ratio and the increased surface activity. In the
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recent years, the preparation of platinum and platinum-
based nanoparticles as electrocatalytical materials has
aroused a strong interest [4]. Hamers et al. fabricated the
nanoscale hybrid electrodes using platinum nanoparticles
onto vertically aligned carbon nanofibers electrode by
electrostatic interaction [5]. The results show that this
nanocomposite still retains high electrocatalytic activity.
Cui et al. assembled platinum nanoparticles via electrode-
position onto loosely multi-walled carbon nanotubes
(MWCNTs) grown on a Ta substrate [6]. The electrocata-
lytic reduction of oxygen was observed in Pt nanoparticles
electrodeposited onto MWCNTs-modified electrode, which
made it possible to develop a novel electrode material for
applications in fuel cells and oxygen sensors.

Conducting Polymers are also actually developing as
candidate materials for synthesis of nanostructured mate-
rials and devices [7-9]. Because of being mechanically and
chemically stable and easy to prepare, polypyrrole (PPy)
has been long recognized as one of the most promising
member for application in electrocatalytic as well as for
other purposes [10, 11]. PPy has been successfully applied
as the conducting matrixes of composite materials incor-
porating Fe304, V,0s5, and noble metals such as Au, Ag, Pd,
or Pt [12-17]. Although synthesis of Pt-PPy nanocompos-
ites and study of its electrochemistry properties have been
explored, the chemical synthesis of Pt-PPy nanocomposite
and the study of their application in electrocatalytic
reduction of oxygen have received less attention.

In this paper, we adopted the chemical methods to
synthesize Pt-PPy nanocomposite and extend it for elect-
rocatalytic applications. The present results demonstrate
that the Pt-PPy nanocomposite exhibits extraordinary
electrocatalytic activity towards oxygen reduction. A facile
and versatile route to immobilize the nanoparticles onto Au
electrode is also obtained because of the existence of PPy.
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Experiment
Chemicals and reagents

Cation-ionic surfactant hexadecyl trimethyl ammonium
Bromide (CTAB) was the product of Shanghai Sanpu
Chemical Co. Ltd. Dipotassium hexachloroplatinate (IV)
(K,PtClg) and pyrrole were purchased from Sinopharm
Chemical Reagent Co. Ltd (Shanghai). All chemicals were
commercial materials of analytical grade purity and were
used as received without further purification. All solutions
were prepared by ultra-pure water from Milli-Q water.

Synthesis of composite

The Pt-PPy nanocomposite was prepared using the fol-
lowing synthetic route. Briefly, CTAB (10 mM) was
dissolved in 2 mL of H,SO, solution (0.5 M), and then,
0.1 pL pyrrole, a reducing agent, was added dropwise with
stirring. Finally, 40 pL. K,PtClg solution (20 mM) was
added to the mixed solution under vigorous stirring. In
order to make the reaction complete, the vigorous stirring
was continued overnight. The obtained colloid solution was
stable.

Preparation of electrode

Prior to modification, the basal Au electrodes were pol-
ished with alumina slurry of 0.1 and 0.05 pm particle sizes,
respectively. After polishing, the electrodes were sonicated
in Mini-Q water for 1 min. Then, the electrodes were
soaked in a 3:1 mixture of sulfuric acid and 30% hydrogen
peroxide (piranha solution) for 10 min, followed by a
thorough rinse with ethanol and Mini-Q water.

A total of 3 pL. Pt-PPy nanocomposite colloid solution
was dripped down the surface of Au electrodes. Then a
centrifuge microtube was capped on the electrode to pre-
vent Pt-PPy colloid solution from drying. The process
lasted overnight at room temperature (20 °C). The formed
Pt-PPy Au electrodes were rinsed with ultra-pure water.

Apparatus and methods

A Model CHI 660C electrochemical workstation was used
for electrochemical measurements. Electrochemical exper-
iments were carried out using a conventional three-electrode
system. The gold electrodes (2 mm in diameter) coated with
Pt-PPy nanocomposite served as the working electrodes.
A Pt wire and an Ag/AgCl/3.0 M KCI were used as the
auxiliary electrode and reference electrode, respectively.
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Field emission scanning electron microscopy (SEM,
S-4800 UHR FE-SEM) images was used for the physical
characteristics of the Pt-PPy nanocomposite. The samples
were prepared by dropping the nanocomposite aqueous
solution on the platinum substance followed by drying with
vacuum overnight.

The thermal stability of Pt-PPy nanocomposite was
analyzed using Thermogravimetric analysis (TGA) (STA
449 C Jupiter, Germany). About 7.0 mg of the sample was
heated from 30 °C to 600 °C at a rate of 10 °C min~"
under an argon atmosphere to burn off the organic fraction.

Fourier transform infrared (FT-IR) spectra were col-
lected on a Nicolet-Nexus Infrared Spectrometer (Thermo
Nicolet Corporation).

Results and discussion

The surface morphology of the Pt-PPy composite film was
investigated by SEM. Figure 1 shows the light particles
and gray features corresponding to Pt nanoparticles and the
PPy matrix, respectively. We can see that the PPy matrix in
the Pt-PPy contains same small spherical nanoparticles. It
also indicates that the PPy matrix is not only amorphous,
but also has a disordered structure. Meanwhile, it is
believed that the PPy is an ideal matrix for electrocatalysis
because of supplying large-surface-area conducting sup-
port. The Pt particles in the Pt-PPy are less than 50 nm in
size and highly dispersed in the PPy film.

TGA is commonly employed to determine the thermal
stability and the relative compositions of the organic
monolayer. Figure 2 shows the TGA curves of Pt-PPy
composites. The thermal decomposition of the nanocom-
posite begins at ~ 180 °C and completes at 500 °C. There
is a slope before the temperature of 120 °C, which is
believed to be due to the loss of water. The TGA data also
determine the organic fractions on the nanocomposite to be
29.46 wt% of the nanocomposite except the water. From
this data, a useful conclusion that PPy is about 30% of the
composite in mass is obtained. That is to say, impureness
may save the mass of the platinum effectively.

FT-IR spectrometry can be employed to identify the
types of functionality of ligands attached to the nanopar-
ticles. Figure 3 displays the FTIR spectra of Pt-PPy. All
have characteristic absorption bands of PPy. The peak at
3,425 cm~! is attributed to N—H stretch vibration. The
bands at 1,563 and 1,464 cm ™' may be assigned to typical
PPy ring vibrations. The band at 1,300 cm™" corresponds
to =C-H band in plane vibration.

The main objective of this work is to examine the
electrocatalytic effect of the nanosized Pt-PPy composite
towards the reduction of oxygen. Figure 4a shows a typical
set of CV curves for O, reduction at the Au and Pt-PPy/Au
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Fig. 1 SEM of Pt-PPy in different magnifications (a) low, (b) high
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Fig. 2 Thermogravimetric curves of Pt-PPy composites

in 0.5 M H,SO, solution at a scan rate of 100 mV s ..
This figure reflects two important catalytic features of the
Au electrode modified with the Pt-PPy. First, there is
important evidence supporting the presence of Pt-PPy on
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Fig. 3 FT-IR spectrum of Pt-PPy composites
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Fig. 4 (a) CVs obtained for the O, reduction at Au (dash curves) and
Pt-PPy/Au (solid curves) electrodes in 0.5 M H,SO, saturated with
N, (dash line a, solid line b) and O, (dash line c, solid line d); (b) CV
curves for Pt-PPy/Au electrodes using infrared lamp irradiation for
1 h (dot line), 2 h (solid line), and 12 h (dash line) in O,-staurated
H,SO, solution (0.1 V s7! potential scan rate)
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the surface of the catalyst. Second, the Pt-PPy modified
electrodes have shown excellent electrocatalytic properties
for O, reduction in 0.5 M H,SOy, that is to say, the oxygen
reduction wave at Pt-PPy/Au electrodes showed a positive
shift compared to that for bare Au. The increase in O,
reduction activity has been observed for Pt-PPy/Au elec-
trodes using irradiation with infrared lamp (Fig. 4b). The
current of O, reduction increases over the time of irradia-
tion at first, but the current decreases when the time of the
infrared illumination exceeded 12 h (Fig. 4b dash line).
This is a novel method to immobilize the materials onto the
electrodes. We believe the infrared illumination may
induce the polymerization of pyrrole oligomer and react
more strongly with electrodes [18, 19]. Therefore, the
electrocatalytic effect of this method to O, reduction shows
a positive shift.

Conclusion

In summary, a facile method for preparing catalytically
active polypyrrole-supported Pt catalysts is demonstrated.
Because of strong absorptive properties, polypyrrole can be
immobilized onto Au electrodes for the convenient study-
ing of electrocatalytic. The obtained Pt-PPy nanocomposite
modified Au electrodes exhibit a strong elctrocatalytic
activity toward O, reduction in acid solution. It can be
concluded that the Pt-PPy composite maybe developed for
its application in fuel cells and oxygen sensors.

Acknowledgements This material is based upon work funded by
the National Natural Science Foundation of China (Grant No.
90406016), the Scientific Program of Zhejiang province in China (No.
2005C21099), and Zhejiang Province Natural Science Foundation.

@ Springer

References

1. Chen ZW, Waje M, Li WZ, Yan YS (2007) Angew Chem Int Ed
46:4060. doi:10.1002/anie.200700894
2. Zhang JL, Vukmirovic MB, Sasaki K, Nilekar AU, Mavrikakis M,
Adzic RR (2005) J Am Chem Soc 127:12480. doi: 10.1021/ja053695i
3. Maye MM, Kariuki NN, Luo J, Han L, Njoki P et al (2004) Gold
Bull 37(3-4):217
4. Zhao D, Xu BQ (2006) Angew Chem Int Ed 45:4955. doi:10.1002/
anie.200600155
5. Metz KM, Goel D, Hamers RJ (2007) J Phys Chem C
111(20):7260. doi:10.1021/jp070102c
6. Cui HF, Ye JS, Zhang WD, Wang J, Sheu FS (2005) J Electroanal
Chem 577:295. doi:10.1016/j.jelechem.2004.12.004
7. Vercelli B, Zotti G (2006) Chem Mater 18:3754. doi:10.1021/
cm060802e
8. Jang J, Bae J, Park E (2006) Adv Mater 18:354. doi:10.1002/adma.
200502060
9. Choi SJ, Park SM (2000) Adv Mater 12:1547. doi:10.1002/1521-
4095(200010)12:20<1547::AID-ADMA1547>3.0.CO;2-1
10. Valsesia A, Lisboa P, Colpo P, Rossi F (2006) Anal Chem
78:7588. doi:10.1021/ac0609172
11. RamanaviCius A, Ramanaviiené A, Malinauskas A (2006)
Electrochim Acta 51:6025. doi:10.1016/j.electacta.2005.11.052
12. Wuang SC, Neoh KG, Kang ET, Pack DW, Leckband DE (2007)
J Mater Chem 17:3354. doi:10.1039/b702983¢g
13. Ferreira M, Zucolotto V, Huguenin F, Torresi RM, Oliveira ON
(2002) J Nanosci Nanotech 2:29. doi:10.1166/jnn.2001.080A
14. Liu YC, Chuang TC (2003) J Phys Chem B 107:12383. doi:
10.1021/jp035680h
15. Pintér E, Patakfalvi R, Fiilei T, Gingl Z, Dékany I, Visy C (2005)
J Phys Chem B 109:17474. doi:10.1021/jp0517652
16. Sigaud M, Li M, Chardon-Noblat S, Aires FICS, Soldo-Olivier Y,
Simon JP et al (2004) J Mater Chem 14:2606. doi:10.1039/b410534f
17. Selvaraj V, Alagar M, Kumar KS (2007) Appl Catal B-Environ
75:129. doi:10.1016/j.apcatb.2007.03.012
18. Rinaldi AW, Kunita MH, Santos MJL, Radovanovic E, Rubira
AF, Girotto EM (2005) Eur Polym J 41(11):2711
19. Martins CR, De Almeida YM, Do Nascimento GC, De Azevedo WM
(2006) J Mater Sci 41(22):7413. doi:10.1007/s10853-006-0795-z


http://dx.doi.org/10.1002/anie.200700894
http://dx.doi.org/10.1021/ja053695i
http://dx.doi.org/10.1002/anie.200600155
http://dx.doi.org/10.1002/anie.200600155
http://dx.doi.org/10.1021/jp070102c
http://dx.doi.org/10.1016/j.jelechem.2004.12.004
http://dx.doi.org/10.1021/cm060802e
http://dx.doi.org/10.1021/cm060802e
http://dx.doi.org/10.1002/adma.200502060
http://dx.doi.org/10.1002/adma.200502060
http://dx.doi.org/10.1021/ac0609172
http://dx.doi.org/10.1016/j.electacta.2005.11.052
http://dx.doi.org/10.1039/b702983g
http://dx.doi.org/10.1166/jnn.2001.080A
http://dx.doi.org/10.1021/jp035680h
http://dx.doi.org/10.1021/jp0517652
http://dx.doi.org/10.1039/b410534f
http://dx.doi.org/10.1016/j.apcatb.2007.03.012
http://dx.doi.org/10.1007/s10853-006-0795-z

	Preparation and characterization of Pt-polypyrrole nanocomposite for electrochemical reduction of oxygen
	Abstract
	Introduction
	Experiment
	Chemicals and reagents
	Synthesis of composite
	Preparation of electrode
	Apparatus and methods

	Results and discussion
	Conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


