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1. Experimentals 
 
1.1 Chemicals.  

Cetyltrimethylammonium bromide (CTAB) was purchased from Sigma and 

benzyldimethylhexadecylammonium chloride (BDAC) was purchased from TCI. HAuCl4·4H2O, 

AgNO3, NaBH4, sodium citrate, L-ascorbic acid, KI and NaCl were all purchased from Shanghai 

Sinopharm Chemical Reagent Co. Ltd (China). Deionized water was used throughout the 

experiments. All the glassware was cleaned by aqua regia (HCl: HNO3 in a 3:1 ratio by volume) 

and rinsed with water prior to the experiments.  
 
1.2 Methods.  
 
1.2.1 Synthesis of CTAB-capped gold seeds for growth of gold nanorods.  
   CTAB-capped gold seeds were prepared by adding 0.6 mL of ice-cold solution of 10 mM 

NaBH4 to 10 mL of 0.25 mM HAuCl4 prepared in 0.1 M CTAB solution, under vigorous stirring 

for two minutes. The yellow color changed immediately to brown, indicating the formation of 

gold seeds. These seeds were aged for 2 hours in order to allow the complete hydrolysis of 

unreacted NaBH4. 
 
1.2.2 Synthesis of citrate-stabilized gold seeds for growth of gold nanoplates 
   Citrate-stabilized gold seeds were synthesized by reducing 0.4 mL of 25 mM HAuCl4 with 1 

mL of ice-cold 0.1 M NaBH4 with vigorously stirring. The reduction was done in the presence of 

1 mL of 10 mM sodium citrate and 38.6 mL of water. Upon addition of the NaBH4 solution, the 

solution turned a reddish orange color, indicating the generation of gold nanoparticles. The 

resulting solution was continually stirred for two minutes. The seed solution was allowed to 

stand for 2 hours to ensure the complete hydrolysis of unreacted NaBH4. 
 
1.2.3 Synthesis of crude gold nanorods solution 

Our research focused on the gold nanorod system with an average aspect ratio > 5 and thus a 

binary surfactant mixture composed of BDAC and CTAB has to be employed. Briefly, the 

solutions were added in the following order: 100 mL of 0.1 M CTAB and 0.1 M BDAC mixtures 

solution, 1.0 mL of 10 mM silver nitrate solution, 2 mL of 25 mM aqueous HAuCl4. To this was 

added 0.55 mL of 0.1 M L-ascorbic acid (AA) as reducing agent and the mixture was 

homogenized by stirring gently. Finally, 120 μL of CTAB-capped seed solution was added and 
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the whole solution was kept at 30 °C and left undisturbed overnight (12~14 h). 
1.2.4 Synthesis of crude gold nanoplates solution 

An initial crude gold nanoplates solution was prepared by a one-step seed-mediated, iodide 

ion- and CTAB-assisted approach with optimization. Typically, a 100 mL of growth solution 

containing 0.25 mM HAuCl4 and 0.025 M CTAB was prepared. To this solution was added 55 μl 

of 0.1 M KI, 0.55 mL of 0.1 M AA and 0.55 mL of 0.1 M NaOH in turn and the resulting 

solution as growth solution was stirred gently. The orange color of the gold salt in the CTAB 

solution disappeared when AA was added, due to the reduction of Au3+ to Au+. The growth of 

gold nanoplate was initiated by adding 0.1 mL of the citrate-stabilized seed solution to the 

growth solution. After the addition, the color of the growth solution changed from clear to light 

red, and then turned to violet red. The mixture solution was kept at 30 °C and left undisturbed for 

6 h. 
1.2.5 Separation procedures 
  For a typical separation procedure of gold nanorods, a 20 mL of the crude gold nanorod 

solution was firstly centrifuged at 16500 g/min for 20 min to get rid of the extra CTAB and 

BDAC molecules. This was done because that CTABr or BDAC, while in high concentration 

(0.1 M), is very easy to subject to crystallization at ambient temperature. After centrifugation, the 

precipitates contained gold nanorods and by-products were dispersed by water to reach a volume 

of 20 mL again. The total concentration of the residual CTAB and BDAC in solution is ~ 5 mM. 

To this solution was added by a 20 mL of 1.72 M NaCl aqueous solution. The mixture solution 

was then kept for 4 h at ambient temperature without disturbance. Most of gold nanorods 

deposited on the bottom of the beaker during the incubation period, and were easily collected by 

remove of the supernatant using a pipette. The gold nanorods precipitate was re-dispersed to 

form colloidal dispersion by ultrasonication for further characterization. 

   For a typical separation procedure of gold nanoplates, a 20 mL of 0.24 M NaCl aqueous 

solution was added to a 20 mL of crude gold nanoplates solution. After this, the mixture solution 

was incubated for 4 h. Most of gold nanoplates deposited on the bottom of the beaker during the 

incubation period. These gold nanoplates were re-dispersed to form colloidal solution by 

ultrasonication for further characterization. 

The kinetic absorption spectra recording were also done. For the case of nanorod system, 

different sets of experiments were performed wherein the concentration of solution was varied. 
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Typically, a 2-mL aliquot of gold nanorods mixture was placed in separate test tubes, then, a 

2-mL aliquot of varied concentrations of NaCl solution (0.86 M, 1.72 M, 3.44 M and 5.16 M) 

was added to these tubes respectively. Time-varied UV-vis-NIR spectra were obtained on a 

UNICO 2802S spectrophotometer in a wavelength range of 300 to 1100 nm using a 2 mm path 

length quartz cuvette. For the case of nanoplate system, the procedures were similar with above 

mentioned description of nanorod system, except that the concentration of NaCl solution was 

changed. 
1.2.6 Instrumentation. 

The morphologies of the gold NPs were characterized by a Carl Zeiss Ultra Plus Field 

Emission Scanning Electron Microscope with an accelerating voltage of 20.0 kV. The 

UV-vis-NIR absorption spectra of the gold NPs solutions were recorded by a UNICO 2802S 

spectrophotometer in a wavelength range of 300 to 1100 nm. Solution-based ξ-potential analyses 

were completed on a Delsa 440sx zeta potential Analyzer.  

2. Additional SEM images and absorption spectra. 

 

Fig. S1. SEM image of gold NPs in supernatant after the separation of gold 

nanorods. Scale bar is 100 nm. 
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Fig. S2. SEM image of gold NPs in supernatant after the separation of gold 

nanoplates. Scale bar is 100 nm 
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Fig. S3. Absorption spectra of (a) purified gold nanorods solution and purified 

gold nanoplates solution before mixing; (b) equivolume (10 mL : 10 mL) mixture 

solution of nanorods and nanoplates (black curve), supernatant after the treatment 

under 0.43 M NaCl solution (red curve) and re-dispersed solution of the 

precipitates (green curve). 

 

 

a b

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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


