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1. Chemicals and materials. 

Ammonia borane (NH3BH3, AB, Aldrich, 90%), cobalt (�) nitrate hexahydrate 

(Co(NO3)2·6H2O, Sinopharm Chemical Reagent Co., Ltd, ≥99%), palladium (�) 

chloride (PdCl2, Aladdin Reagent, Pd: ≥60%), nickel (�) chloride hexahydrate 

(NiCl2·6H2O, Aladdin Reagent, ≥98%), iron (�) sulfate heptahydrate (FeSO4·7H2O, 

Aladdin Reagent, ≥99%), sodium borohydride (NaBH4, Beijing Chemical Works, 

≥98%), sodium chloride (NaCl, Aladdin Reagent, ≥99%), sulfuric acid (H2SO4, 

Beijing Chemical Works, 98%), hydrochloric acid (HCl, Beijing Chemical Works, 

36%~37%), potassium peroxodisulfate (K2S2O8, Aldrich, ≥99%), phosphorus 

pentoxide (P2O5, Aldrich, ≥99.99%), potassium permanganate (KMnO4, Sinopharm 

Chemical Reagent Co., Ltd, ≥99%), hydrogenperoxide (H2O2, Beijing Chemical 

Works, 30%), graphite powder (Alfa, 325 mesh) and nylon filter membranes (Aldrich, 

pore size 0.2 μm) were used as received. De-ionized water with the specific resistance 

of 18.2 MΩ·cm was obtained by reversed osmosis followed by ion-exchange and 

filtration. 

2. Graphite Oxide (GO) preparation.  

GO was made by a modified Hummers method.1,2 Briefly, graphite powder (3 g, 

325 mesh) was put into an 80 °C solution of concentrated H2SO4 (12 mL), K2S2O8 
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(2.5 g), and P2O5 (2.5 g). After keeping at 80 °C for 4.5 h using a hotplate, the 

mixture was cooled to room temperature and diluted with 0.5 L of de-ionized water 

and left overnight. Then, the mixture was filtered and washed with de-ionized water 

using a 0.2 micron Nylon Millipore filter to remove the residual acid. The product 

was dried under ambient condition overnight. Next, the pretreated graphite powder 

was put into cold (0 °C) concentrated H2SO4 (120 mL) in a 250-mL round-bottom 

flask equipped with a magnetic stir bar. 15 g KMnO4 was added gradually under 

stirring while the temperature of the mixture was kept below 20 °C. The solution was 

then stirred at 35 °C for 2 h. Afterwards, 250 mL of de-ionized water was added and 

the suspension was stirred for another 2 h. Subsequently, additional 0.7 L of 

de-ionized water was added. Shortly after that, 20 mL of 30% H2O2 was added to the 

mixture to destroy the excess of permanganate. The suspension was then repeatedly 

centrifuged and washed first with 5% HCl solution and then with water. Exfoliation of 

graphite oxide to GO was achieved by ultrasonication of the dispersion for 30 min. 

3. In situ synthesis of graphene supported Pd@Co core-shell NPs (Pd/Co=0.1/0.9) 

and their catalytic activities toward the hydrolysis of AB (catalysts/AB=0.02). 

First, Na2PdCl4 was prepared by mixing PdCl2 and NaCl with the molar ratio of 

1:2 in aqueous solution. Then, a 6 mL of aqueous solution containing Na2PdCl4 

(51.72 mM, 77.3 μL), Co(NO3)2·6H2O (10.5 mg) and GO solution (1g, containing 8‰ 

GO) was kept in a two-necked round-bottom flask. One neck was connected to a gas 

burette, and the other was connected to a pressure-equalization funnel to introduce 4 

mL of aqueous solution containing AB (65 mg). The reactions were started when the 

aqueous AB solution was added to the mixture solution of precursors and GO with 

vigorous stirring. The evolution of gas was monitored using the gas burette. The 

reactions were carried out at room temperature under ambient atmosphere. 

In order to find an optimized reaction condition for catalytic dehydrogenation 

from AB, the molar ratio of Pd/Co was varied from 0 to 1, while the molar ratio for 

catalysts to AB was kept a constant of 0.02. For comparison, Pd@M/graphene 
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(Pd/M=0.1/0.9, M=Fe and Ni) nanocatalysts was synthesized using the similar 

method as for Pd@Co/graphene nanocatalysts. 

4. In situ synthesize Pd@Co core-shell NPs (Pd/Co=0.1/0.9) and their catalytic 

activities toward the hydrolysis of AB (catalysts/AB=0.02). 

Except for the absence of GO, the experiment procedures were similar to that of 

synthesis of Pd@Co/graphene. 

5. Pre-synthesis of graphene supported PdCo alloy NPs (Pd/Co=0.1/0.9) and their 

catalytic activities toward the hydrolysis of AB (catalysts/AB=0.02).  

The graphene supported PdCo alloy NPs were pre-synthesized by adding NaBH4 

(5 mg) into 6 mL of the mixture solution containing equivalent precursors and GO 

with vigorous stirring. After the absence of gas evolution from the solution was 

verified, 4 mL of aqueous solution containing AB (65 mg) was introduced to test the 

catalytic activities at ambient conditions. 

6. Stability tests. 

For stability test, catalytic reactions were repeated 5 times by adding another 

equivalent of AB (65 mg) into the mixture after the previous cycle. 

7. Catalyst characterization. 

Powder X-ray diffraction (XRD) measurements were performed on a 

Rigaku-Dmax 2500 diffractometer with Cu Kα radiation (λ = 0.15405 nm). 

Transmission electron microscope (TEM) was performed using a FEI Tecnai G2 

S-Twin instrument with a field emission gun operating at 200 kV. Samples for all of 

these TEM experiments were prepared by dispersing the samples in ethanol with 

sonication for 30 min to ensure adequate dispersion of the nanostructures, and 

evaporating one drop of the solution onto a 300 mesh Cu grid, coated with a lacey 
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carbon film. Fourier transform infrared spectroscopy was obtained with BRUKER 

Vertex 70 FT-IR spectrometer. Raman spectra were collected with a Renishaw 2000 

model confocal microscopy Raman spectrometer with a CCD detector and a 

holographic notch filter at ambient conditions. 
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Fig. S1 Fourier transform infrared spectroscopy of GO.
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Fig. S2 XRD pattern of in situ synthesized Pd@Co/graphene (Pd/Co=0.1/0.9) 

catalysts. 
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Fig. S3 Raman spectra of GO (a), GO reduced by AB (b) and GO reduced by AB in 

the presence of metal catalysts (c). 
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Fig. S4 Time plots of catalytic dehydrogenation of AB over in situ synthesized 

Pdx@Co(1-x)/graphene (x=0, 0.1, 0.3, 0.5, 0.7, 0.9, and 1) catalysts at ambient 

conditions. Catalyst/AB=0.02 (molar ratio). 
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Fig. S5 Time plots of catalytic dehydrogenation of AB over the in situ synthesized 

Pd0.1@M0.9/graphene (M=Co, Ni, and Fe) catalysts at ambient conditions. 

Catalyst/AB=0.02 (molar ratio). 
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Fig. S6 The recycle ability of Pd@Co/graphene catalysts after catalytic reaction.  

Reference 

(1) W. Hummers, R. Offeman, J. Am. Chem. Soc. 1958, 80, 1339. 

(2) N. I. Kovtyukhova, P. J. Ollivier, B. R. Martin, T. E. Mallouk, S. A. Chizhik, E. V. 
Buzaneva, A. D. Gorchinskiy, Chem. Mater. 1999, 11, 771. 

 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2012



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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

  /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 <>
    /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 [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


