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Experimental Section 

Apparatus:  

Electrochemical and electrochemiluminescent measurements were conducted with 

an MPI-A CE-ECL system jointly produced by Xi’an Remex Electronics (China) and 

Changchun Institute of Applied Chemistry (Changchun, China), and a conventional 

three-electrode cell was used, which consisted of a modified Au working electrode, a 

platinum wire auxiliary electrode, and a Ag/AgCl reference electrode (saturated with 3 

M KCl). 

Chemicals and materials:  

Tripropylamine (TPA), Ethylenediaminetetraacetic acid (EDTA), mercaptohexanol 

(MCH), dichlorotris(1, 10-phenanthroline) ruthenium hydrate (Ru(phen)3Cl2⋅H2O), 

Tris(Hydroxymethyl)aminomethane (Tris), tris(2-carboxyethyl) phosphine 

hydrochloride (TCEP), were obtained from Sigma-Aldrich. Hg(NO3)2, MgCl2, CaCl2, 

Zn(NO3)2, Cd(NO3)2, Cu(NO3)2, Ni(NO3)2, MnSO4, Co(NO3)2, Pb(NO3)2, FeCl3 was 

purchased from Beijing Chemical Works. Three oligonucleotides were synthesized by 

Sangon Biotech (Shanghai) Co., Ltd, and used as received. The sequences of these 

oligonucleotides were: 
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A1: 5’-HS-TTCT TTCT TCC-3’  

A2: 5’-CGTT GTGA CTAG GCGG TTGT TTGTT-3’  

A3: 5’-CTAG TCAC AACG CGTT CTTT CTTCC-3’ 

Supersandwich assay sequences: 

5’-HS-TTCT TTCT TCC-3’ (A1) 

3’-TTGTTTGTTGGCGGATCAGTGTTGC-5’ (A2) 

                5’-CTAG TCAC AACG CGTT CTTT CTTCC-3’ (A3) 

                                    3’-TTGTTTGTTGGCGGATCAGTGTTGC-5’ (A2) 

                                                      5’-CTAG TCAC AACG CGTT CTTT CTTCC-3’ (A3) 

                                                                           …… 

                                                                               …… 

Three single strand DNA (ssDNA) recorded as A1, A2, A3 were used in the proposed 

supersandwich assay. A1 was a 11-mer T-rich oligonucleotide, and A2 was a 25-mer 

oligonucleotide, which contained a part of 11-mer T-rich sequences (bold) to hybridize 

with A1 and A3 in the presence of Hg2+ by formation of T-Hg2+-T coordination and a 

part of 12-mer complementary sequences (italic) to A3. Before using, 1 μM A2 and A3 

was mixed with equal volume and heated to 90°C and kept for 10 min, then the solution 

was cooled to room temperature and kept for 1 h. The concentrations of the used 

ssDNA (A1, A2, A3) were 1 μM.  

 

Fabrication of sensors: 

Before using, the gold electrodes (2 mm in diameter) were polished on microcloth with 

1 μm and 0.05 μm alumina, followed by sonication in water, ethanol and water for 2 

min in each. After electrochemically cleaning in 0.5 M H2SO4, a droplet of 10 μL A1 (1 

μM A1 in 10 mM Tris-HCl, 1 mM EDTA, 1 mM TCEP, 0.1 M NaCl, pH 7.40) was 

dropped onto the electrode to incubate for 30 min, then the electrode was rinsed with 

deionized water and passivated with 10 μL MCH (1 mM MCH in 10 mM Tris-HCl, pH 

7.40) for 30 min. After that, the prepared electrodes were rinsed with water, dried with 

N2, and incubated with a mixture of 5 μL different concentrations of Hg2+ and 5 μL 

partially hybridized A2&A3 (1 μM A2&A3 in 10 mM Tris-HCl, 0.1 M NaCl, pH 7.40) 

for 30 min. In order to intercalate ECL probe molecules of Ru(phen)3
2+, a droplet of 10 

μL 0.2 mM Ru(phen)3
2+ was placed on the modified electrode and incubated for 5 h. 
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Before ECL detection, the electrode was rinsed with deionized water and 0.2 M 

phosphate buffer solution (PBS, pH 7.4). Both cyclic voltammetry (CV) and ECL 

experiments were conducted by using the MPI-A CE-ECL system in 0.2 M PBS (pH 

7.40) containing 50 mM TPA. The CV was conducted from 0 to 1.3 V (versus Ag/AgCl) 

with the scan rate of 50 mV/s, and the voltage of the PMT was set at -400 V. Unless 

otherwise mentioned, the experiment was conducted at room temperature. 

 

Comparison of the relative ECL signal increase (ΔIR) by different modifications of 

the gold electrode. Some derivatives of Ru2+, for example Ru(phen)3
2+, has the 

capacity to intercalate into the grooves of double-stranded DNA (dsDNA) with high 

affinity.[s1] Previous fluorescent experiment indicates that the equilibrium constant 

between Ru(phen)3
2+ and dsDNA was 1.24×104 M-1, with a site size of 4.[s2] Every four 

base pairs can capture one Ru(phen)3
2+ molecules, therefore, the double strand section 

of the partially hybridized A2&A3 (twelve base pairs included) can capture three 

Ru(phen)3
2+ molecules.  

The comparison of ΔIR of the same gold electrode modified by four different 

processes was displayed in Fig. S1. Column 1 exhibited the lowest ΔIR because the 

complementary base pairs between A1 and A2 were too limited, and no consecutive four 

base pairs were existed, thus the intercalation of Ru(phen)3
2+ was inhibited. Column 2 

and column 3 showed the medium ΔIR because the T-Hg2+-T coordination between A1 

and A2 inhibited the T-Hg2+-T coordination between A1 and A2&A3. Column 4 

displayed the highest ΔIR because A2 and A3 were hybridized in the same concentration 

with a ratio of 1:1 before using, thus no dissociative A2 existed.  
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Fig. S1 comparison of 1) A1/A2/Hg2+/Ru(phen)3
2+ (9 μL A2+1 μL Hg2+ ); 2) A1/A2&A3 

& A2/Hg2+/Ru(phen)3
2+ (5 μL A2&A3+4 μL A2+1 μL Hg2+); 3) A1/A2&A3  &A2 

&A3/Hg2+/Ru(phen)3
2+ (5 μL A2&A3+2 μL A2+2 μL A3+1 μL Hg2+); 4) 

A1/A2&A3/Hg2+/ Ru(phen)3
2+ (9 μL A2&A3+1 μL Hg2+). The concentrations of Hg2+ 

and DNA (A1, A2, A3) were 500 nM and 1 μM, respectively. 0.2 M PBS (pH 7.40) 
containing 50 mM TPA was used for ECL study. 
 
Factors concerning the construction of the supersandwich sensor 

 

Interaction between Hg2+ and A1, A2&A3. After the gold electrode was modified with 

the thioled A1 and passivated with MCH, a mixture of 10 μL Hg2+ and partially 

hybridized A2&A3 was dipped onto the electrode, and the incubation time for the 

formation of T-Hg2+-T coordination was optimized. As shown in Fig. S2, the ECL 

intensity increases gradually with increasing incubation time and reaches a platform 

after 30 min. Therefore, the incubation time of T-Hg2+-T coordination was set to 30 

min.  
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Fig. S2 The ECL profiles with the detection of 10 nM Hg2+ as a function of incubation 
time of Hg2+. 
 

Intercalation of Ru(phen)3
2+ into the double-strand DNA. The intercalation time of 

Ru(phen)3
2+ into the dsDNA among the supersandwich DNA sequences was optimized. 

With the increase in the incubation time, much more Ru(phen)3
2+ can intercalate into 

the dsDNA, thus a gradual increase of ECL signals from one to five hours was observed 

in Fig. S3. However, a platform was obtained after five hours. So the incubation time of 

5h was used for the intercalation of Ru(phen)3
2+ during the experiment. 

 
Fig. S3 The effect of the incubation time on intercalation of Ru(phen)3

2+. 

 
Fig. S4 The reproducibility of the supersandwich sensor for six parallel detection of 5 
nM Hg2+ with RSD of 2.86%. 
 

Table S1. Comparison of different methods for Hg2+ detection.  
Detection technique Liner range Detection limit (nM) reference 

Colorimetry 
Fluorescence 

0.2-6.0 μΜ 
0-66.43 nM 

50 
1.33 

3 
4 
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ECL 
ECL 
ECL 

5-250 nM 
5-500 nM 

0.5-2500 nM 

5 
2.3 
0.25 

6 
7 

Present work 
 

Supporting References 
(s1)  X. H. Xu, H. C. Yang and A. J. Bard, J. Am. Chem. Soc., 1994, 116, 8386–8387. 
(s2)  M. T. Carter, A. J. Bard, Bioconjugate Chem., 2007, 70, 228–234 

(s3)  Y. Y. Xu, L. Deng, H. Wang, X. Y. Ouyang, J. Zheng, J. S. Li, R. H. Yang, Chem. Commun., 

2011, 47, 6039–6041 

(s4)  J. Wang, B. Liu, Chem. Commun., 2008, 4759–4761. 

(s5)  P. Miao, L. Liu, Y. Li, G. X. Li, Electrochem. Commun. , 2009, 11, 1904–1907. 

(s6)  Q. Li, X. M. Zhou, D. Xing. Biosen．Bioelectron., 2010, 26, 859–862 

(s7)  X. Zhu, L. F. Chen, Z. Y. Lin, B. Qiu, G. N. Chen. Chem. Commun., 2010, 3149–3151. 

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


