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1. The Corresponding EDS Spectrum of the as-prepared Hollow PdCu Alloyed 

Nanocubes Supported on MWCNTs 

 

Figure S1. The EDS spectrum of the as prepared H-PdCu/MWCNTs catalyst. 
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2. HRTEM image on the face of PdCu naonocubes 

 

Figure S2. HRTEM image on the face of PdCu nanocubes. 

 

3. The XRD Pattern and the Corresponding Size Distribution Histograms of Individual 

Nanoparticles of the PdCu Supported on MWCNTs when the Reation Time is One 

Hour 

 

Figure S3. The XRD pattern of the PdCu nanoparticles supported on MWCNTs for one hour. 
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Figure S4. The corresponding size distribution histograms of individual PdCu alloyed nanoparticles 

supported on MWCNTs for one hour. 

 

4. EDAX mapping analysized the Pd and Cu. 

 

Figure S5 (a) FE-SEM and EDAX mapping analysis of the (b) Pd and (c) Cu in the PdCu nanocubes. 
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5. The selection of the reaction temperature to the formation of palladium/copper alloy 

nanostructures. 

  

Figure S6. TEM images of the PdCu catalyst supported on MWCNTs prepared at (a) 140, (b) 160 and (c) 

180oC. 

In this study, the selection of the reaction temperature is important to the formation of 

palladium/copper alloyed nanostructures, and the self-assembly process. A similar situation 

happened when the preparations were performed under different temperatures, including 140, 

160, and 180oC (Figure S6a-6c). The reaction at 180°C led to some aggregates. However the 

preparation performed at 160oC could obtain the hollow nanocubes. When a lower 

temperature (i.e., 140°C) was adopted, very few nanocubes were yielded, which may be due 

to the low temperature is not conducive to oriented attachment process in the dynamics. 

Therefore, the ppreparation of the hollow structure can be optimized at the temperature 

around 160°C. 

6. Theoretical Calculation Method: 

The experimental results show the hollow palladium/copper alloyed nanocubes were 

formed through the combination among nanoparticles. We try to explain the formation 

mechanism theoretically through surface energy (γ) calculations, which is defined as the 
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surface excess free energy per unit area of a particular crystal plane and is one of the basic 

parameters in surface physics. 

The surface energy γ is evaluated as 

][
A2

1
bslab EE −=γ         (1)  

where Eslab is the slab energy, Eb is the bulk energy with the same number of atoms as that in 

the slab model, and A is the surface area.1 

7. Electrochemical Investigation 

The electrochemical measurements were conducted in a three-electrode cell, using a 

Solartron 1287 electrochemical test system (Solartron Analytical, England). A glassy carbon 

disk coated with catalyst was used as the working electrode. An Ag/AgCl electrode and a 

platinum foil (1 cm2) were used as the reference-electrode and counter-electrode, respectively. 

The glassy carbon disk was rinsed with DD water and dried at room temperature before the 

catalyst layer was applied to the disk. The thin film electrode was prepared as follows: 5 mg 

of catalyst was added into 0.5 mL of ethanol and 50 μL of 5 wt% perfluorosulfonic acid 

(PFSA), and dispersed by ultrasonication for approximately 30 min to obtain a homogeneous 

ink. Next, using a pipette, 15 μL of the ink was uniformly dispersed onto a freshly polished 

glassy carbon electrode (3 mm o.d.) and was dried under ambient conditions. The apparent 

surface area of the glassy carbon electrode was 0.0706 cm2; thus, the metal loading was 386 

µg·cm-2.  
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Figure S7. CO-stripping voltammograms of (a) H-PdCu/MWCNTs catalyst, (b) S-PdCu/MWCNTs 

catalyst, and (c) Pd/MWCNTs catalyst in 0.5 M H2SO4 at a scan rate of 20 mV s−1. 

To demonstrate the increased surface area resulting from the hollow structure, carbon 

monoxide (CO) stripping voltammetry studies were performed on H-PdCu/MCNTs, solid 

PdCu nanoparticles supported on MWCNTs (S-PdCu/MWCNTs), and Pd/MWCNTs, 
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respectively. The H-PdCu/MCNTs catalyst shows a stripping peak area that is much larger 

than those of the S-PdCu/MWCNTs catalyst and Pd/MWCNTs catalyst (see Figure S7). 

 

 

Figure S8. Chronoamperometric curves of the (a) H-PtCu/MWCNTs catalyst, (b) S-PdCu/MWCNTs 

catalyst, and (c) Pd/MWCNTs catalyst on a glassy carbon electrode. Electrolyte: 0.5 M H2SO4 + 0.5 M 

HCOOH aqueous solution; Potential: 0.1 V; Temperature: 20 ± 1°C. 

To further evaluate the activity and stability of these catalysts, chronoamperometry tests 

were conducted in 0.5 M H2SO4 and 0.5 M HCOOH at 0.1 V for 5000 s (see Figure S8). As 

shown in the Figure, these curves reflect the activities and stabilities of the various catalysts in 

catalyzing the formic acid oxidation reaction. The much higher anodic current and slower 

degradation in current for the reaction on H-PdC/MWCNTs catalyst than those on 

S-PdCu/MWCNTs catalyst and Pd/MWCNTs catalyst indicate its better catalytic activity and 

the higher stability for formic acid oxidation.  

8. Experimental details 

Synthesis of PdCu alloy hollow nanocubes supported on MWCNTs: An aqueous solution 

of PdCl2 (3.3 mg/mL, 3.8 mL), 20 mg of CuSO4·5H2O, and 50 mg of glutamate were mixed 

together in 40 mL of EG. The pH of the system was adjusted to ca. 11 by the dropwise 
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addition of the 8 wt% KOH/EG solution under vigorous stirring. During the process, the 

green solution turned into dark blue. Subsequently, 30 mg of pristine MWCNTs were added, 

and the solution was ultrasonicated and stirred for 2 hr to obtain a homogeneous suspension. 

Upon completion, the suspension was transferred into a 50 mL Teflon-lined stainless-steel 

autoclave. The autoclave was sealed, heated at 160oC for 6 hr, and air-cooled to room 

temperature. Finally, the product was collected by filtration and washed several times with 

DD water. The obtained product was dried at 40oC under vacuum for 8 hr. The catalyst thus 

obtained was denoted as H-PdCu/MWCNTs. PdCu catalysts supported on MWCNTs with 

Pd:Cu nominal atomic ratios of 1:0, 2:1, 1:1, 1;2, and 1:0 were prepared under similar 

conditions and denoted as Pd/MWCNTs, Pd2Cu1/MWCNTs, Pd1Cu1/MWCNTs, 

Pd1Cu2/MWCNTs, and Cu/MWCNTs, respectively.  

Synthesis of Pd nanoparticles supported on MWCNTs: A control experiment was 

conducted in the absence of CuSO4·5H2O under nearly identical conditions as the typical 

experiment. 

Synthesis of PdCu nanoparticals on supported MWCNTs: The experiment was conducted 

at 140oC under nearly identical conditions as the typical experiment.  

Electrochemical CO stripping voltammograms were obtained by oxidizing preadsorbed CO 

(COad) in 0.5 M H2SO4 at a scan rate of 50 mV s−1. CO gas (99.99%) was purged through 0.5 

M H2SO4 for 2000 s to allow complete adsorption of CO onto the catalyst. The working 

electrode was maintained at 0.1 V (vs. Ag/AgCl electrode), and excess CO in the electrolyte 

was removed by purging with high-purity nitrogen for 30 min. The amount of adsorbed CO 

was evaluated by integrating the COad stripping peak and correcting for the capacitance of 

the electric double-layer. The activity of the catalysts in the oxidation of formic acid was 
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evaluated in a solution containing 0.5 M H2SO4 and 0.5 M HCOOH, and cyclic voltammetry 

was performed by applying a linear potential scan at a sweep rate of 50 mV s−1. The cycling 

was repeated until a reproducible cyclic voltammetry curve was obtained before the 

measurement curves were recorded. High-purity nitrogen was purged through the solution for 

15 min before the tests were performed. All electrochemical experiments were performed at 

20 ± 1◦C. 

 

References 

1. L. Yang, H. Yang, Z. Yang, Y. Cao, X. Ma, Z. Lu and Z. Zheng, J. Phy. Chem. B, 2008, 

112, 9795-9801. 

 

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


