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Experimental Section 

Materials: 1-octadecene, oleic acid, oleylamine were purchased from 

Sigma–Aldrich. Rhodamine B, HAuCl4·3H2O, potassium cyanide, hexadecyl 

trimethyl ammonium bromide (CTAB) and other salts were purchased from Beijing 

Chemical Co. (China). All other chemicals were of analytical grade, and used without 

further purification. The water used was purified through a Millipore system.  

Preparation of Au NPs: A solution of 1-octadecene (10 mL), oleic acid (1 mL), 

oleylamine (1 mL) and HAuCl4·3H2O (60mg) were prepared in air at room 

temperature. The mixture was allowed to be kept at 130°C for 30min with 

magnetically stirred and the color of the solution changed from light yellow to deep 

purple. Then the solution was cooled to room temperature. Ethanol was added to 

precipitate the Au NPs. The Au NPs were collected by centrifugation, washed with 

hexane, and redispersed in hexane. 

Preparation of Au-Fe3O4 dumbbell NPs: Fe-oleate was prepared according to the 

reported method.1 1-octadecene (8 mL), oleic acid (1 mL), oleylamine (1.5 mL), 

0.25g Fe-oleate and the Au NPs were mixed with magnetically stirred and degassed 

under a nitrogen flow for 60 min. Then the solution was heated to 320°C and kept for 

40 min before it was cooled to room temperature. The mixture was exposed to air for 

one hour to ensure the formation of Fe3O4. Ethanol was added to precipitate the 

product, followed by centrifugation. The precipitated products were washed by 

hexane, and this process was repeated for two times.  
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Preparation of water-soluble Au-Fe3O4 dumbbell NPs: The Au-Fe3O4 NPs 

were dried under vacuum and added into the NaOH-Na2HPO4 buffer (0.01M, 

PH=10.5) containing 0.05 M CTAB. After 15 min sonication, the products dissolved 

and formed a purple red solution. 

Turn-on fluorescent detection of cyanide: A 0.12 M stock solution of KCN 

was prepared in a NaOH-Na2HPO4 buffer (0.01 M, pH 10.5), from which 

various CN－concentrations were prepared by serial dilution. A freshly prepared 

mixture solution containing 6.0×10-7 M RB and ca. 12mg Au/L as-prepared 

Au-Fe3O4 NPs (the concentration of NPs was obtained from ICP) in 

NaOH-Na2HPO4 buffer (0.01 M, pH 10.5) was used for CN－ detection, into 

which KCN with different concentrations was added. The kinetics of the 

interaction between cyanide and Au NPs showed that the reaction carried out 

rapidly in the first several minutes and slowly later. Thus the mixture solution 

was equilibrated for a fixed time of 30 min before separation by the magnet. 

Four-fifths of the supernatant was removed and the remaining was dispersed 

under ultrasonic for spectral measurements. It is worth noting that to avoid the loss 

of nanoparticles as much as possible is very important in the process of magnetic 

concentration. Better results can be achieved if the Au-Fe3O4 NPs used were 

separated first by the magnet in the synthesis procedure, and care is needed to keep 

the tip of the pipette not too close to the materials absorbed on the side of the 

container during the concentration. 
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The selectivity of this method was evaluated by testing the fluorescence response of 

this system to other common anions using the following salts: Na2S, KSCN, NaBr, 

KBrO3, Na2CO3, NaCl, NaClO4, NaNO3, Na2SO4, Na2SO3, KCN, CH3COONa 

(NaAc), Na3PO4, NaNO2, NaIO3, sodium citrate, Na2C2O4, NaF and NaI. The salt 

solutions above were mixed with the solution containing RB and Au-Fe3O4 NPs in a 

NaOH-Na2HPO4 buffer (0.01 M, pH 10.5) and equilibrated for 30 min before the 

spectral measurements. 

Detection of cyanide in real samples: The tap water and ground water samples 

were used without any pretreatment. The lake water sample was filtered twice using 

filter papers (pore diameter 220nm). For lake water sample containing the dyes, 

0.18μM RB or 2.0μM MB solution was prepared using lake water. Each water sample 

spiked with cyanide was used for preparation of the fluorescence detection system.  

Instruments: Absorption measurements were performed with a Cary 500 

UV-vis-NIR spectrometer (Varian). Fluorescence measurements were carried out on a 

LS-55 luminescence spectrometer (Perkin-Elmer), using a 1.00 cm path length 

rectangular quartz cell, and 535nm was used as the excitation wavelength for the 

fluorescence detection. TEM measurements were made on a HITACHI H-8100 EM 

with an accelerating voltage of 200 kV and a FEI-TECNAI G2 transmission electron 

microscope operating at 200 kV. X-ray diffraction (XRD) analysis was carried out on 

a D/Max 2500 V/PC X-ray diffractometer using Cu (40 kV, 30 mA) radiation. 

Magnetic measurements were carried out using a superconducting quantum 

interference device (SQUID) magnetometer (LakeShore 7307) at 300K. The SQUID 

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



measurements for all the samples were done on the pure and dried powders. Element 

analysis was carried out on an ICP spectrometer (ICAP 6000 Series, Thermo 

Scientific). Zeta potential measurements were performed using a Zeta sizer NanoZS 

(Malvern Instruments). 
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Fig. S1 Fluorescence emission spectra of 6.0×10-7M RB (a); RB solution containing 

60mg Au/L Au-Fe3O4 NPs (b); fluorescence recovery for detection of the same 

concentration of KCN with (c) and without the magnetic concentration process (d).   
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Fig. S2 XRD of the Au-Fe3O4 NPs. 
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Fig. S3 a) Absorption spectra of Au NPs in the hexane; b) Au-Fe3O4 NPs in the hexane and c) Au-Fe3O4 

NPs in the water.
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Fig. S4 a) Fluorescence excitation and emission spectra of RB and b) absorption spectrum of 

as-prepared Au-Fe3O4 NPs in NaOH-Na2HPO4 buffer (0.01 M, pH 10.5). 
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Fig. S5 A) Fluorescence intensity of Rhodamine B in the buffer containing CTAB over time and B) 

containing CTAB and Au-Fe3O4 NPs.
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Fig. S6 Decreased fluorescence intensity (%) of Rhodamine B at 577 nm versus the concentration of 

Au-Fe3O4 NPs. 
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Fig. S7 The plots of fluorescence decreased (%) at 577 nm versus the excitation wavelength.
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Fig. S8 Absorption spectra of Au-Fe3O4 NPs in the presence of increasing cyanide concentrations: a) 

0M, b) 1.0×10-5 M, c) 2.5×10-5 M, d) 5.0×10-5 M, e) 7.5×10-5 M, f) 1.0×10-4 M, g) 2.0×10-4 M. 
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Fig. S9 The fluorescence response of the mixture solution containing RB (6.0×10-7M) and Au-Fe3O4 

NPs (ca. 60 mg Au/L) in NaOH-Na2HPO4 buffer (0.01 M, pH 10.5) at 577 nm in the presence of 

2.0×10-4M various anions. 
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Fig. S10 a) Fluorescence emission spectra of RB and b) UV-vis absorption spectra of the methylene 

blue. 

 

 

Reference 

1. J. Park, K. J. An, Y. S. Hwang, J. G. Park, H. J. Noh, J. Y. Kim, J. H. Park, N. M. Hwang and T. 

Hyeon, Nat. Mater., 2004, 3, 891. 

 

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


