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S1. Experimental Section 

1.1 Chemicals: All chemicals were of analytical grade and were used as received without 

further purification. Aqueous solutions were prepared by using Milli-Q water. 

1.2 Synthesis of Pt3Ni Nanoparticle Networks (Pt3Ni NN): In a typical preparation of the 

Pt3Ni alloy, a mixture aqueous solution of H2PtCl6 (3.75 mL, 20mM) and NiCl2 (1.25 mL, 

20mM) was added to cetyltrimethyl ammonium bromide (CTAB, 5 mL, 40 mM) solution (the 

solvent is chloroform). 10 mL of Milli-Q water and 30 mL of ethylene glycol was added to 

the above mixture solution under constant strong stirring and kept stirring for 30 min. Then, 5 

mL freshly prepared 1.0M NaBH4 aqueous solution was quickly injected into the above 

solution and kept stirring at a speed of 1500 rpm for 20 min. The black as-prepared 

precipitates were collected and washed several times with distilled water and ethanol, 

respectively. 

1.3 Synthesis of Pt Nanoparticle Networks (Pt NN): For the synthesis of Pt NN, the 

experimental parameters are the same to the procedure of the preparation of Pt3Ni NN, except 

that the addition of NiCl2 (1.25 mL, 20 mM) is replaced by H2PtCl6 (1.25 mL 20 mM).  

1.4 Synthesis of Pd Nanoparticle Networks (Pd NN): The procedure for the preparation of 

Pd NN is the same to that described in Section 1.3 except that the 5mL H2PdCl4 (20 mM) was 

added to the initial reacting mixture. 

1.5 Synthesis of Au Nanoparticle Networks (Au NN): The procedure for the preparation of 

Au NN is the same to that described in Section 1.3 except that the 5mL HAuCl4 (20 mM) was 

added to the initial reacting mixture. 

1.6 Synthesis of Pt-Co Nanoparticle Networks (Pt-Co NN): The procedure for the 
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preparation of Pt-Co NN is the same to that described in Section 1.3 except that the 3.75 mL 

H2PtCl6 (20 mM) and 1.25 mL CoCl2 (20 mM) was added to the initial reacting mixture. 

1.7 Synthesis of PtNi, Pt2Ni and Pt4Ni NN: The procedure for the preparation of Pt-Ni NN 

with different composition is the same to that described in Section 1.2 except that different 

molar ratio of metal precursors was added to the initial reacting mixture. Detailedly, for PtNi 

NN, H2PtCl6 (2.5mL, 20mM) and NiCl2 (2.5mL, 20mM) was added; for Pt2Ni NN, 3.33mL of 

20mM H2PtCl6 and 1.67mL of 20mM NiCl2 was added; for Pt4Ni NN, 4mL of 20mM H2PtCl6 

and 1mL of 20mM NiCl2 was adopted. 

1.8 Electrochemical Measurements:  

All electrochemical measurements were performed using an electrochemical workstation 

(CHI 660, CH Instruments, Austin, TX). A Pt wire was served as counter electrode, an 

Ag/AgCl electrode saturated with KCl was utilized as reference electrode (separated by a 

electrolyte bridge). In oxygen reduction reaction test, a glassy carbon rotating disk electrode 

(ATA-1B, Jiangfen Electroanalytical Instruments, Jiangsu, diameter: 3 mm; area: 0.071 cm2) 

was used as working electrode. In methanol and formic acid oxidation measurements, the 

working electrode is a glassy carbon electrode. All potentials, if not specified, are normalized 

to the Reversible Hydrogen Electrode (RHE) in this work. The catalysts were assembled on 

the working electrode by drop-coating to obtain the working electrode. In a typical preparing 

process of working electrode, 2 mg of Pt3Ni catalyst was dispersed in 2 mL of a mixture 

solvent (the volume ratio of H2O: isopropanol: 5% Nafion is 4:1:0.025), and the mixture was 

sonicated for 5 min to get a dispersed suspension. Then 2μL of the suspension was dropped 

onto the RDE and dried in flowing argon. So the Pt loading on the working electrode was 

calculated to be 25.3μgpt/cm2. The preparing processes for Pt NN and commercial Pt/C 

working electrodes were similar to that of Pt3Ni electrode. The corresponding Pt loading for 

Pt NN and Pt/C were the same to that of Pt3Ni NN (25.3 μgpt/cm2). In order to produce a clean 

electrode surface, the working electrode was cleaned in 0.5M H2SO4 by potential cycling 

between +0.05 and +1.0V at 100 mV/s until stable voltammogram was obtained. Specifically, 

cyclic voltammetrys (CVs) were performed in a deoxygenated 0.5M H2SO4 solution at a scan 

rate of 50 mV/s.  

For oxygen reduction reaction, the measurements were performed in 0.5 M O2-saturated  
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H2SO4 solutions using the glassy carbon RDE at a rotation rate of 1,600 rpm and a sweep rate 

of 5 mV/s.  

For methanol oxidation and formic acid oxidation, CVs were performed in 0.5 M 

H2SO4+0.5 M methanol and 0.5 M H2SO4 + 0.5 M formic acid at a scan rate of 50 mV/s, 

respectively. 

Chronoamperometry was test in 0.5 M H2SO4 + 0.5 M methanol at a given potential of 

0.75V for methanol oxidation and 0.5 M H2SO4 + 0.5 M formic acid at 0.55V for formic acid 

oxidation.  

1.9 Characterization: The scanning electron microscopy (SEM) images and 

Energy-dispersive X-ray spectroscopic (EDX) analysis were taken with a Hitachi S-4800 

scanning electron microscope (SEM, 5 kV) equipped with the Thermo Scientific 

energy-dispersion X-ray fluorescence analyzer. Transmission electron microscopy (TEM), 

and high-resolution transmission electron microscopy (HRTEM) images were obtained with 

JEOL-2100F system. Specimens for TEM and HRTEM measurements were prepared via 

dropcasting a droplet of ethanol suspension onto a copper grid, coated with a thin layer of 

amorphous carbon film, and allowed to dry in the air. Inductively coupled plasma(ICP) 

analysis was conducted in a VISTA-MPX inductive coupling plasma emission 

spectrograph .The X-ray diffraction patterns (XRD) of the products were recorded with 

Bruker D8 Focus Diffraction System using a Cu Kα source (λ= 0.154178 nm).  
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S2  Figures 

 

 

Figure S1. SEM images of Pt3Ni alloy prepared by adding different amount of EG: 0 mL (a); 
10 mL (b); 30 mL (c); 40 mL (d). The decrease of EG was compensated with the same volume 
of Milli-Q water. It was found that the presence of EG can influence the formation of the 
network-like structure and the size of the nanoparticles. 
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Figure S2. (a-d) SEM images of different metals or alloy nanoparticle networks: Pt NN(a), 
Au NN(b), Pd NN(c), Pt-Co NN(d). It was shown that our approach can be extended to 
prepare pure noble metals(Pt, Au, Pd) and someother Pt-based alloys (e.g. Pt-Co) networks 
composed of sub-10 nm nanoparticles. 

 
Figure S3. XRD patterns of Pt NN, Au NN, Pd NN,and PtCoNN. 
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Figure S4. SEM images (a,c,e) and EDX spectrums (b,d,f) of Pt-Ni alloy NN with different 
composition: PtNi NN (a,b); Pt2Ni NN(c,d); Pt4Ni NN(e,f). It was demonstrated that the 
composition of Pt-Ni alloy NN can be modulated by changing the molar ratio of metal 
precursors in our synthesis approach. 
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Figure S5. Cyclic voltammograms of Pt3Ni NN, Pt NN and Pt/C NN electrodes in 0.5 M 
H2SO4 after immersion in CO saturated 0.1 M H2SO4 for 5 min at open circuit potential. Scan 
rate: 50 mV/s. The strong stripping peak of CO on Pt3Ni NN electrode is centered at 0.73V, 
which is about 35 mV and 95 mV more negative than those on Pt NN and Pt/C, respectively. 
This suggests that CO can be more easily oxidized on a Pt3Ni alloy NN, indicating that the 
bifunctional mechanism may be used to explain the improved electrocatalytic activities of 
Pt3Ni NN. As for the very weak peaks of CO stripping at ca. 0.87 V, its origin is still unclear 
and should be further studied. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



 

 S8

S3.  Co-reduction mechanism of Pt-Ni NN.  

   To further explore the composition of the NN, the influence of standard reduction 

potentials (SRP) is studied. It is known that the SRP for Ni2+ and [PtCl6]
2- are -0.28 V and 

+0.68 V versus normal hydrogen electrode (NHE), respectively. Thermodynamically, different 

metals prefer to nucleate and grow separately in the wet-chemical synthetic process due to 

their different SRPs. The more positive reduction potential gives the [PtCl6]
2- ions a much 

higher tendency to be reduced before Ni2+ when they coexist, preferring to form the Pt@Ni 

core-shell structure or hierarchical structure which may lead to phase separation. In our 

synthesis system, several key factors ensure the simultaneous appearance of Pt and Ni atoms 

at both nucleation and growth stages. On one hand, the existence of CTAB which may form 

Pt complex with [PtCl6]
2- may influence redox potentials of [PtCl6]

2-. On the other hand, the 

strong reducing agent NaBH4 helps to reduce simultaneously all metal precursors at proper 

rates.( Z. Peng and H. Yang, Nano Today, 2009, 4, 143–164.) In addition, [PtCl6]
2- reduction 

to Pt requires two steps ([PtCl6]
2-- [PtCl4]

2--Pt).( L. Liu and E. Pippel, Angew. Chem., Int. Ed., 

2011, 50, 2729–2733.) These conditions effectively promote the co-reduction and facilitate 

the generation of alloy NN. On the base of co-reduction in our synthesis system, it is 

reasonable to expect that the composition of bimetallic alloy NN can be modulated by 

changing some reaction conditions ( Z. Peng and H. Yang, Nano Today, 2009, 4, 143–164; 

R. Riccardo, J. Jellinek and R. L. Johnston, Chem. Rev., 2008, 108, 845–910.) . 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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 <>
    /ENG ()
    /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


