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1. Materials preparation
1. 1 Pt/C catalysts prepared by microwave-assisted process

Pt/C catalysts with the Pt loading of 20 wt.% were prepared by
microwave-assisted polyol process in ethylene glycol (EG) solution with H,PtCls as a
precursor salt'. Briefly, 80 mg Vulcan XC-72 carbon black was dispersed into 60 mL
ethylene glycol and isopropyl alcohol (V/V = 4:1) in 100 mL beaker under ultrasonic
treatment for 1 h to form uniform carbon ink, then 2.7 mL of 0.038373 mol/L
H,PtCls-EG solution with the subsequent mixing process for 3 h. The pH value of the
ink was adjusted by adding 1 mol L™' NaOH-EG solution drop by drop to 12.00. Then
the beaker was placed in the center of a microwave oven (2450 MHz, 800W) and
argon gas was feed into the ink for 15 min to remove oxygen for consecutive
microwave heating 50 s to fix platinum nanoparticles on carbon support. The solution
was allowed to cool down to room temperature by continuous stirring, and then 0.1
mol/L HNOs was added into the cooled mixture to adjust pH value of the solution to
about 3 — 4. The mixture was kept stirring for 12 h and then the product was washed
repeatedly with ultrapure water (Millipore, 18.25 M€2-cm) until no CI” ions were
detected. The homemade Pt/C catalyst was dried for 3 h at 80 °C and then stored in a
vacuum vessel.
1.2 Preparation of carbon riveting Pt/XC-72 and annealed Pt/XC-72 catalysts

The carbon riveting process of the Pt/XC-72 catalyst was accomplished as
follows. Firstly, 50 mg Pt/XC-72 and 8.26 mg CsH,04'H,O was dispersed into 10
mL H,O (Millipore, 18.25 M€2-cm) in 50 mL beaker under ultrasonic treatment for 1
hr to form uniform ink. The ink was first dried at 70 °C in a porcelain boat and then
heated for 1 hr at 400 °C in the tube furnace under argon. The product was cooled to

room temperature in argon and then stored under vacuum. For comparison, standard
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Pt/XC-72 catalyst was subjected to the same heat treatment. This product is denoted
as annealed Pt/XC-72.
1.3 Preparation of working electrode

The catalyst ink was prepared by ultrasonically dispersing 5.0 mg catalysts in 2.5
mL ethanol and the dispersion was then ultrasonicated for 20 min. The glassy carbon
working electrode with 4 mm of diameter and 0.1256 cm® of electrode area was
polished with 0.05 um alumina suspensions to a mirror finish before each experiment
and served as an underlying substrate of the working electrode. A quantity of 10 pL of
the dispersion was pipetted out on the top of the GC and over which 5 pL of a dilute
aqueous Nafion® solution (5 wt. % solution in a mixture of lower aliphatic alcohols
and DuPont water) was applied. The resulting Nafion® film with a thickness less than
0.2 pm had the sufficient strength to keep carbon particles permanently on the glassy
carbon electrode without producing significant film diffusion resistances’.
2. Electrochemical measurements

Electrochemical measurements were carried out in a conventional sealed
three-electrode electrochemical cell at 25 °C, with the glassy carbon disk electrode
made in the above mentioned procedure as the working electrode and a piece of Pt
foil (1 cm®) as the counter electrode. The Hg/Hg,SO, reference electrode was placed
in a separate chamber, which is located near the working electrode chamber through a
Luggin capillary tube. All solutions were prepared with ultrapure water (Millipore,
18.25 M -cm). The solution of 0.5 mol/L H,SO4 was purged with ultrapure argon
gas for nearly 30 min before starting the experiment. The cyclic voltammograms (CV)
were recorded with CHI650D electrochemical analysis instrument controlled by an
IBM PC within a potential range from -0.63 V to 0.52 V. In order to get rid of the

possible effects caused by Nafion” film, the working electrode was treated by
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continuously cycling at 0.05 V/s until a stable response was obtained before the
measurement curves were recorded. Fresh electrolyte solution was used for each
electrochemical measurement to ensure reproducible results. All the potentials
reported herein were with respect to the Hg/Hg,SO4.

The accelerated potential cycling test is a fast way to evaluate the stability of the
catalyst. In this work, the stability of the catalyst was also considered by the
accelerated potential cycling test which was conducted within the potential range of
-0.08 -0.52 V.

The electrochemical active specific surface area (ESA) of platinum can be
calculated with coulombic charges accumulated during hydrogen adsorption and

desorption after correcting for the double-layer charging current from the CVs:’

Esd=—Su 1)
021x M,

Where Oy (mC) is the charge due to the hydrogen adsorption/desorption in the
hydrogen region of the CVs shown in Figure S5, 0.21 mC/cm” is the electrical charge
associated with monolayer adsorption of hydrogen on Pt, and Mp; is the loading of Pt
on the working electrode.

3. Characterization of physical properties

3.1 Transmission electron micrograph (TEM)

TEM for the catalyst samples were taken by a Japan JEOL-2010 transmission
electron microscope with a spatial resolution of 0.23 nm. Before taking the electron
micrographs, the catalyst samples were finely ground and ultrasonically dispersed in
isopropyl alcohol, and a drop of the resultant dispersion was deposited and dried on a
standard copper grid coated with a polymer film. The applied voltage was 100 kV.

3.2 X-ray diffraction (XRD)
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XRD analysis of nanomaterials was carried out with the D/max-rB
diffractometer (made in Japan) using a Cu Ka X-ray source operating at 45 kV and
100 mA, scanning at a rate of 4 °/min with an angular resolution of 0.05° of the 26
scan to get the XRD pattern.

3.3 X-ray photoelectron spectrometry (XPS)

X-ray photoelectron spectroscopy (XPS) analysis was carried out to determine
the surface properties of the catalysts with a Physical Electronics PHI model 5700
instrument. The Al X-ray source operated at 250 W. The sample to analyzer take-off
angle was 45¢. Survey spectra were collected at pass energy (PE) of 187.85 eV over a
binding energy range from 0 eV to 1300 eV. High binding energy resolution
multiplex data for the individual elements were collected at a PE of 29.55 eV. The C
Is electron binding energy was referenced at 284.6 eV, and a nonlinear least-squares
curve-fitting program was employed with a Gaussian-Lorentzian production
function’”. During all XPS experiments, the pressure inside the vacuum system was
maintained at 1x10™° Pa. Before analysis above, all the samples were dried under
vacuum at 80 °C overnight.

Acknowledgment

This research is financially supported by the National Natural Science
Foundation of China (Grant No. 20606007), the Scientific Research Foundation for
the Returned Overseas Chinese Scholars, State Education Ministry (2008), and
Scientific Research Foundation for Returned Scholars of Heilongjiang Province of

China (LC08C33).



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

mean size=2.2nm

2 3
Pt nanoparticle size / nm

30+ .
mean size =34 nm
X 201
~
+~
=
=}
S
10+
0A
2 3 4 5 6 7
Pt nanoparticle size / nm
X
~
=
=]
=]
@)

1 2 3 4 5 6
Pt nanoparticle size / nm

Figure S1 TEM images and the size distributions of as-prepared Pt/XC-72 (a),

annealed Pt/XC-72 (b), and carbon riveted Pt/XC-72 (c).
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Figure S2 XRD patterns: as-prepared Pt/XC-72 (a), annealed Pt/XC-72 (b), and
carbon riveted Pt/XC-72 (c). The results confirm that the Pt nanoparticles have typical

face-centered cubic (fcc) crystal structure.
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Figure 83 Pt(4f) XPS spectra of various nanomaterials. (a) as-prepared Pt/XC-72, (b)

annealed Pt/XC-72, and (c) carbon riveted Pt/XC-72.
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Table S1 Binding energy [BE(4f7,), eV] and atomic percentages (%) of different Pt

[Pt(0), Pt*" and Pt*'] obtained from Pt(4f) XPS spectra.

Sample Pt(0) Pt([) Pt([)
BE=71.3 BE=72.5 BE=74.3

As-prepared Pt/XC-72 46.35 24.53 29.11

Annealed Pt/XC-72 49.22 29.19 21.59

Carbon riveted Pt/XC-72 51.75 27.09 21.15
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Figure S4 Deconvoluted Ols peaks from XPS analysis of various nanomaterials. (a)

as-prepared Pt/XC-72, (b) annealed Pt/XC-72, and (c) carbon riveted Pt/XC-72.
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Table S2 Results of the fits of the Ols spectra, values given in % of total intensity.

Sample 531.20 eV 532.25eV 533.30eV 534.30 eV 5359eV
As-prepared Pt/XC-72 58.12 21.40 12.62 2.93 4.94
Annealed Pt/XC-72 36.53 17.71 27.46 11.95 6.36

Carbon riveted Pt/XC-7 30.92 17.17 33.03 12.15 6.73

11
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Figure S5 Deconvoluted Cls peaks from XPS analysis of various nanomaterials:

as-prepared Pt/XC-72 (a), annealed Pt/XC-72 (b), and carbon riveted Pt/XC-72 (¢).
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Figure S6 Cyclic voltammograms in 0.5 mol/L H,SO4 for all nanomaterials during

the accelerated potential cycling test. (a) as-prepared Pt/XC-72, (b) annealed

Pt/XC-72, (c) carbon riveted Pt/XC-72. Scanning rate: 50 mV/s; Test temperature:
25°C.

13



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

References

1. Y.-Y. Chu, Z.-B. Wang, D.-M. Gu and G.-P. Yin, J. Power Sources, 2010, 195,
1799.

2. T.J. Schmidt, H. A. Gasteiger, G. D. Stab, P. M. Urban, D. M. Kolb and R. J. Behm,
J. Electrochem. Soc., 1998, 145, 2354.

3.Y. Xing, J. Phys. Chem. B, 2004, 108, 19255.

4. K.-W. Park, J.-H. Choi, B.-K. Kwon, S.-A. Lee, Y.-E. Sung, H.-Y. Ha, S.-A. Hong,
H. Kim and A. Wieckowski, J. Phys. Chem. B, 2002, 106, 1869.

5. C. Bock, C. Paquet, M. Couillard, G. A. Botton and B. R. MacDougall, J. Am.

Chem. Soc., 2004, 126, 8028.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [210.000 275.000]
>> setpagedevice


