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Experimental Section 

Chemicals and Materials: Sodium hydroxide (NaOH, ≥96.0%), Potassium 

peroxydisulfate (K2S2O8, ≥99.5%), Anhydrous sodium sulfate (Na2SO4, ≥99.0%), 

Sodium dodecyl sulphate (SDS), Hexadecyltrimethyl ammonium Bromide (CTAB, 

99.0%), Octylphenoxypolyethoxy ethanol (TrironX-100, ≥99.0%), Hydrochloric acid 

(HCl, w% 36.0%-38.0%), and Nitric acid (HNO3, w% 65.0%-68.0%) were purchase from 

Sigma-Aldrich and used without any treatment. 

Synthesis of nanostrucuted CuO on Cu foil: A Cu foil (3.0 cm × 2.5 cm) was 

cleaned by consecutive ultrasonication in acetone, ethanol and pure water for 30 mins, 

respectively. Then, the foil was acidized in diluted HCl (5.0 M) solution for 30 mins under 

stirring. For the chemical-etching process, the starting solution was firstly prepared by 

mixing 6.40 g of NaOH in 32 mL of water under stirring. When the solution was cooled to 

room temperature, 1.30 g of K2S2O8, 0.09 g of Na2SO4 and 0.46 g of SDS was introduced 

into the NaOH aqueous solution, respectively. Taking SDS as the example, when the 

surfactant was completely dissolved in NaOH solution, the mixture was quickly 

transferred into a 40 mL of Teflon-lined stainless steel autoclaves. Then, the cleaned Cu 

foil was immersed in the solution. The autoclaves were sealed and maintained at 160 °C 
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for 3.5 h. The Cu foil was taken from the solution after the autoclaves were cooled to 

room temperature, and rinsed with distilled water for several times. The obtained sample 

was noted as CuO-3.5h.   

Characterization: The morphology and elemental mapping of the CuO were 

characterized by using a scanning electron microscopy (SEM, QUANTA FEG 250 with 

energy dispersive spectrometer). Powder X-ray diffraction (XRD) patterns were obtained 

(D8 Focus, Bruker instrument, Germany) with Cu Kα radiation (λ = 1.5406 Å) in the 2θ 

range from 10º to 80º with a step size of 0.02º s-1. The samples used for XRD was 

collected by scratching the black powders from the Cu foils. 

Electrochemical Measurements: The electrochemical measurements were carried out 

on a CHI660D electrochemical working station (CHI, China), controlled by a personal 

computer with CHI software. A conventional three-electrode system used in the 

measurements consists of a CuO@Cu electrode as the working electrode, a saturated 

calomel electrode (SCE) as the reference electrode, and a Pt wire as the counter electrode. 

The amperometric responses of the CuO@Cu electrode to H2O2 was recorded at a 

constant potential of 0.25 V with a successive addition of H2O2 into phosphate buffer 

solution (PBS, pH 7.0) under stirring. The Linear sweep voltammetries (LSVs) were 

recorded in the solution of NaOH (0.1 M) containing MeOH (1.0 M) at a scan rate of 10 

mV s-1. The electrochemical impedance spectrum (EIS) of the different electrodes was 

measured in the potassium ferricyanide solution (1 mM) in a range from 0.01 Hz to 100 

kHz. The cyclic voltammograms (CVs) of the different electrodes in the potassium 

ferricyanide solution (1 mM) was carried out at a scan rate of 50 mV s-1 in a potential 

range of -0.4 to 0.3 V. 
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Fig. S1 SEM images of (A)Cu foil and (B) CuO@Cu prepared without surfactant.(C) and 
(D) shows the SEM images of the Cuo@Cu owning semisphere with nanoplates. 
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Fig. S2 XRD pattern of the CuO powder collected from the CuO@Cu samples. 

 

 
 

Scheme S1 Schematic illustration of the in-situ formation of nanostructed CuO@Cu by 
chemical etching Cu foil in NaOH solution containing SDS. 
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Fig. S3 LSVs observed at CuO@Cu electrodes in 0.1 M of NaOH containing different 
concentrations of MeOH at a scan rate of 10 mV s-1. 
 
 
 
Table S1 Relationship between the concentration of H2O2 and respond current and 
detection limits 

Sample respond current 
vs. concentration of H2O2 

Sensitivity  
(μA mM-1) 

Detection limit  
(μM) 

CuO@Cu-0.5h y=0.1063x+0.0079 110 37 

CuO@Cu-2h y=0.1653x+0.0077 170 29 

CuO@Cu-3.5h y=0.2424x+0.0273 240 11 

CuO@Cu-6h y=0.1814x+0.0268 180 18 

 
 
Table S2 Electrochemical parameters calculated from CVs and EIS results. 
 

Electrode Cu foil CuO 0.5h CuO 2h CuO 3.5h CuO 6h 
△Ep / V 0.261 0.362 0.371 0.385 0.392 
Q / C 0.61 1.12 1.24 2.38 2.89 
Rct / (Ω) 183 56 89 460 486 
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Scheme S2 Schematic illustration of the electron transfer process for the oxidation of 
H2O2 at the CuO@Cu electrode. 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2014


	Zhiyu Yang&, Long Zhang&, Yuxia Zhang, Yufei Zhao, Lin Jing, Yiming Yan* and Kening Sun* (*To whom correspondence should be addressed. E-mail: yanym@bit.edu.cn; bitkeningsun@163.com )
	Beijing Key Laboratory for Chemical Power Source and Green Catalysis, School of Chemical Engineering and Environment, Beijing Institute of Technology, Beijing, 100081, China.


<<
  /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
  /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 (None)
  /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 <>
    /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


