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Experimental section 
Chemicals and Materials 
Hydrogen tetrachloroaurate (III) hydrate (HAuCl4•3H2O), Hexadecyltrimethyl ammonium 
bromide (CTAB), Sodium dodecyl sulfate (SDS), Tris (2-carboxyethyl) phosphine hydrochloride 
(TCEP), Bis (p-sulfonatophenyl) phenyl phosphine dihydrate dipotassium salt (BSPP), Silver 
nitrate (AgNO3), sodium borohydride (NaBH4), L-ascorbic acid, trisodium citrate dihydrate (SC), 
Citric acid (CA) were purchased from Sigma-Aldrich. All chemicals were used as received 
without further purification. Thiolated oligonucleotides were purchased from Invitrogen. 
 
Synthesis and purification of gold nanorod: 
The synthesis of AuNRs was carried out using the silver-assisted seed-growth procedure adapted 
from literature [1]. 
a. GNP seed synthesis 
First, 50 μL of 50 mM HAuCl4 was added into 10ml of 0.1 M CTAB aqueous solution and 
vortexed vigorously. Then, 0.6 ml 10mM fresh prepared ice cold NaBH4 was added to the mixture 
while stirring vigorously. The solution color changed to yellowish brown immediately. The 
resulting solution consists of AuNP seeds, which act as nucleation points for AuNR growth. 
b. GNR synthesis 
80 μL of 50 mM HAuCl4 solution was added into 10 mL of 0.1 M CTAB solution. Then, 80µL of 
10 mM AgNO3 solution was added. After gentle mixing, 50 µL of 100 mM ascorbic acid solution 
was added and mixed thoroughly. To this mixture, 17 µL of the previously prepared AuNP seed 
solution was added. The mixture was kept undisturbed for several hours until the solution turned 
purple which indicated the formation of AuNR. AuNR solution was centrifuged (15 mins, 7000 
rpm), the supernatant was discarded and the pellet was suspended in 1000 µL of nanopure water. 
500 µL of AuNRs solution was washed twice by centrifugation and re-suspension in nanopure 
water. The AuNRs concentration was measured using UV-Vis spectra (Figure S1). 
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Figure S1. UV-vis spectrum (left) and TEM image (right) of new freshed GNR. Scale bar is 50 nm. 

 
Preparation of DNA functionalized AuNRs: 
a. Preparation of the Thiolated DNA 
The S-S bond in thiolated DNA obtained from Invitrogen was reduced by adding 60 µL of 100 
mM TCEP (tris (2-carboxyethyl) phosphine) to 600 µL of 100 µM DNA solution and incubated 
for two hours. Excessive TCEP was removed using a G25 spin column (GE Healthcare). 
b. Coating of DNA on AuNR 
Traditional aging method to modify GNR is complicated and time-consuming. The process of 
RMLP method is very simple. Firstly, 1X TBE and 0.1% SDS was mixed together and shaked 
gently. HCl was used to adjust mixture pH to be 3.0. Then the purified DNA-AS1 was added to 
this mixture. Lastly, newly synthesized GNR without over growth was added to the solution. After 
several minutes, the mixture was centrifuged (20 mins, 7000 rpm) for three times, the supernatant 
was discarded and the pellet was suspended in 1X TBE (100 mM NaCl). 
 
Synthesis of GNP 
15nm GNP was synthesized by using SC (trisodium citrate dihydrate) to reduce HAuCl4. 160 µl 
of 50mM HAuCl4 was added to 50 ml nanopure water and heated to boiling. Then 2ml of TSC 
(1% SC, 0.05% CA) was added to this mixture. The solution was set on vigorous stirring for 15 
minutes then cooled down to room temperature and centrifuged (20 mins, 6000 rpm) to remove 
excess TSC. The pellet was re-dispersed in nanopure water. The GNPs concentration was 
measured using UV-Vis spectra (Figure S2). 

 
Figure S2. UV-vis spectrum (left) and TEM image (right) of fresh prepared GNP. Scale bar is 50 nm. 
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Preparation of DNA functionalized AuNPs: 
a. Phosphination of AuNPs 
AuNPs were stabilized with absorption of Bisp-sulfonatophenyl-phosphene dihydrate dipotassium 
salt (BSPP). Phosphine coating increases the negative charge on the particle surface, therefore, 
stabilizes the AuNPs in high electrolyte concentrations at a higher particle density. BSPP (17 mg) 
was added to the colloidal nanoparticle solution and the mixture was shaken overnight at room 
temperature. Sodium Chloride (solid) was added slowly to this mixture while stirring until the 
color changed from deep burgundy to light purple. The resulting mixture was centrifuged at 3000 
rpm for 30 min and the supernatant was carefully removed with a pipette. AuNPs were then 
suspended in 1 mL solution of BSPP (2.5 mM). Upon mixing with 1 mL methanol, the mixture 
was centrifuged, the supernatant was removed and the AuNPs were re-suspended in 1 mL BSPP 
solution (2.5 mM). The concentration of the AuNPs was estimated using UV-vis spectrometer. 
b. Preparation of DNA functionalized AuNPs 
The AS2-DNA which is complementary to AS1 were incubated with an equimolar ratio of 
phosphinated AuNPs in 1xTBE buffer (89 mM Tris, 89 mM boric acid, 2 mM EDTA, pH 8.0) 
containing 50 mM NaCl for overnight at room temperature. The concentration of salt was added to 
500 mM over 24 hours. The mixture was centrifuged (20 mins, 6000 rpm) for three times and 
re-dispersed in 1X TBE (100 mM NaCl). 
 
Assembly of GNR and GNP, and gel electrophoresis purification 
AS1-GNR and AS2-GNP was mixed together in 1X TBE buffer (100 mM NaCl). The ratio of 
GNP to GNR is 20:1. The mixture was annealed in PCR from 45℃ to 25℃ over 12 hours.  The 
mixture was loaded in 1.0% agarose and run for 15 minutes (90 V). There were several bands in 
the agagrose gel image. The fastest band which was the excess GNPs was abandoned. We 
assumed that the second fast band was the target satellite nanostructures. The target band was 
extracted from gel through electro-elution. 
 
TEM images of GNR-GNP satellite structures. 
TEM samples were prepared by dropping 10µL of the purified sample solution on a carbon-coated 
grid. After 5 minutes, the sample drop was wicked away from the grid by filter paper. The grid 
was washed by a drop of water to remove the excess salt, and the excess water was again wicked 
away by filter paper. The grid was kept at room temperature to allow drying. 
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Figure S3.TEM image of assembly product from AS1-GNR and random DNA capped GNP. Scale bar is 50 nm. 

 
 

 
Figure S4. TEM image of GNR-GNPs satellite nanostructures. Scale bar is 200 nm. 

 
 

 
Figure S5. Additional TEM images of GNR-GNPs satellite nanostructures. Scale bar is 50nm. 

 
Reference 
1. B. Nikoobakht and M. A. El-Sayed, Chem. Mater. 2003, 15, 1957 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



<<
  /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


