
Supporting Information. 
 

Characterization of the surfactant propanediyl-1,3-bis(dodecyldimethylammonium dibromide),  12-3-12.2Br. 

Elemental analysis (C31H68N2Br2, Mr=628.693). Calc. for trihydrate (%): C 59.22; H 10.90; N 4.46; Found (%): C 57.74; 

H 10.91; N 4.06. 1H-NMR (400 MHz, CDCl3, δ in ppm): 3.85 (m, 4H, N+-CH2-CH2-CH2-N+); 3.50 (m, 4H, N+-CH2-); 

3.36 (s, 12H, N+-CH3); 2.73 (m, 2H, N+-CH2-CH2-CH2-N+); 1.80 (m, 4H, N+-CH2-CH2-); 1.37-1.25 (m, 36H, -(CH2)9-); 

0.87 (t, 6H, -CH3). 13C NMR (100 MHz, CDCl3, δ in ppm): 67.2 (N+-CH2-); 61.6 (N+-CH2-CH2-CH2-N+); 51.7 (N+-CH3); 

32.3, 29.9, 29.8, 29.7, 29.6, 29.6, 29.5, 26.7, 22.6 (-(CH2)9-); 23.1 (N+-CH2-CH2-); 19.1 (N+-CH2-CH2-CH2-N+); 14.5 (-

CH3). Mass spectroscopy: (m/z) = 628.37; [M++ 79Br-]+ = 549.5; [M++ 81Br-]+ = 547.5; [(M - 2Br) / 2]+ = 234.3 

 

NMR Measurements. The purity of the surfactant was checked by NMR analysis. Structure of the prepared compound was 

confirmed by NMR spectroscopic measurements. The Gemini surfactant was dissolved in 99.95% CDCl3 (~10 mg in 0.7 

mL) and transferred into 5 mm NMR sample tubes (Promochem, Wesel, Germany). Spectra were measured with Topspin 

1.3 on a Bruker DRX-400 AVANCE spectrometer (Bruker, Rheinstetten, Germany) at 400.13 MHz (1H) or 100.62 MHz 

(13C) or on a Bruker DRX-600 AVANCE spectrometer at 600.13 MHz (1H) or 150.90 MHz (13C). For 1D spectra 32k data 

points were recorded and Fourier transformed to spectra with a range of 15 ppm (1H) and 240 ppm (13C). COSY, TOCSY, 

NOESY, HMQC, and HMBC spectra were measured by 128 experiments with 1024 data points each. Appropriate linear 

forward prediction, sinusoidal multiplication and Fourier transformation led to 2D-spectra with a range of 12 ppm and 220 

ppm for 1H and 13C, respectively. Residual CHCl3 was used as internal standard for 1H (δH 7.24) and CDCl3 for 13C (δC 

77.0) spectra. 

 

 

 

 

 

 

 

 

 

 

Figure 1S. NMR spectrum of the 12-3-12.2Br gemini surfactant. 
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Mass Spectrometry. Solutions of surfactants were made in 50/50 mixture of water and acetonitrile (both: HPLC gradient 

grade, Baker HPLC analyzed) with 0.1% addition of formic acid (purris p.a., Sigma-Aldrich). Initial concentration was 0.05 

%. For measurements solutions were diluted with the same mixture 1:100, so finally they were aproximately 10 µM. 

Solutions were stable over period of months. All measurements were done on triple quadrupole type of mass spectrometer: 

AB-Sciex model Q-TRAP 4000, equipped with electrospray (ESI) ionization chamber. Solutions were fed with syringe 

pump (Harvard Apparatus) with 5µL/min. In order to minimize in-source fragmentation all operating parameters of ion 

source and mass spectrometer were kept at lowest possible values that is, capillary voltage, nebulizing gas (set at 0), drying 

gas and entrance potential. Base pressure in the spectrometer is 1 x 10-5 Torr, the collision gas is nitrogen. Data were 

acquired by automatic ramp of collision energies using option of dynamic fill time (of the second quadrupole). 

 

Surface tension. Surface tension of aqueous solution of gemini surfactants was determined from freshly prepared solution 

by Kruss 100 K tensiometer equipped with the Wilhelmy plate at 25°C. The platinum plate was always cleaned and heated 

to red color with a Bunsen burner before use. The critical micelle concentration (CMC) and the surface tension at CMC it 

was determined from the breakpoint of the surface tension vs concentration curve. A CMC of 0,87 mmol/l was determined 

by a reverse CMC measurements that means the measurement starts from a highly concentrated aqueous solution, which is 

next stepwise diluted with water. The sequence of concentrations is produced automatically from an initial stock of prepared 

surfactant solution.  
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Figure S2. Electromotive force vs total 12-3-12.2Br concentration at [NaCl] = 0.05M in sodium cacodylate buffer            

(pH = 7.0).  

 

 

 

 

 

 

 

 

 

 

Figure S3. Stopped-flow kinetic curve for the DNA/12-3-12.2Br system, [12-3-12.2Br]T = 2.5x10-4 M;  [NaCl] = 0.55M in 

sodium cacodylate buffer (pH = 7.0). The continuous red line has been calculated according to a biexponential data fit (eqn. 

1S). The continuous black line is the best fit to monoexponential equation 

 

(1S) 

 

In this equation I(t) is the fluorescence at time t and I0 is the fluorescence in the absence of 12-3-12.2Br surfactant. 
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Figure S4. Comparison between relative backward k-1/k-1,0 rate constants corresponding to the first step of Scheme II vs. 

the concentrations of NaCl in the media. (●) CTAB/DNA interaction (data obtained from reference 4). (●) 12-3-

12.2Br/DNA interaction. 

 
 
 

[NaCl]/M
0,00 0,02 0,04 0,06 0,08 0,10 0,12

k -1
/k

-1
,0

0,0

0,2

0,4

0,6

0,8

1,0

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 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


