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Materials. Unless otherwise stated, reagents and solvents were obtained from

commercial sources without further purification. All moisture or air-sensitive reactions

were carried out under a positive argon atmosphere. All spectra were obtained from

distilled and deionized ultra-purified water. Nuclear magnetic resonance (NMR) were

obtained using a Bruker DPX-400 in deuterated water. Chemical shifts are reported in

parts per million relative to a (or the) water peak at 4.80 ppm, and coupling constants are

reported in hertz. Reverse phase HPLC purification was performed on a Hitachi

Lachrome Elite incorporated with a Diode Array detector L-2455 using a Vydac

218TP1010 C18 column (Hesperia, CA). The elution gradient was set from 0 to 20% of

acetonitrile in protonated, deionized water. Detection was monitored in the 200-900 nm

range. Absorbance spectra were recorded on an Agilent UV-Vis spectrophotometer.

Steady-state fluorescence spectra were performed on and a PTI QM-4SE

spectrofluorometer. Low resolution MALDI-TOF and high-resolution exact mass

measurements (ESI) were determined from the Vanderbilt Mass Spectrometry Core

Facility. All of the counter ions were removed by passing the compounds through the

Dowex-50W (Sigma Aldrich) column before analysis. 
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Synthesis of dye intermediate 3
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 Synthesis of 4-Sulfonir
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Quantification procedure. To demonstrate this future application, we decided to

quantify the fluorescence signal of each dye in their respective ranges. Briefly, the dye

samples were imaged twice using the MaestroTM in vivo imaging system (Cambridge

Research and Instrumentations Inc.). Both data sets were acquired using the MaestroTM

“flat-field" correction functionality to compensate for possible illumination field

inhomogeneities. The data sets were also single-binned to maximize resolution.

Exposure times were selected via the MaestroTM “AutoExpose” data collection option.

The first image data set was excited in the NIR range (Fig. 3A) and emission photons

were collected from 780-950 nm. The second image data set was excited in the visible

range (500-620 nm) and emission photons were collected in the 550-800 nm range.

Emission data was collected in 10 nm increments over the corresponding emission

ranges. The two image data sets were saved as two collections of 1392x1040.TIF files.

� The TIF. File data sets were imported into Matlab for analysis. To

assemble the contributions from each wavelength’s .TIF file to the total image signal

intensity over the entire emission range, each data set was integrated over all emission

wavelengths on a pixel by pixel basis. A built-in Matlab trapezoidal integration function

was used to calculate the total signal intensity of each pixel over the emission range to

yield an associated matrix of values corresponding to the area under the curve of each

pixels' spectra. 

Subsequent to the generation of each data set’s intensity matrix, pixels in the Maestro

field of view (FOV) in which no dye signal was displayed were isolated as background

(BG), identified by manual drawing of a region of interest outside of the dye samples.

The mean and standard deviation of the BG signal were then calculated. A normal
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distribution was assumed for the BG. Thus, it was considered that greater than 99% of the

BG signals fall within the range of the mean BG ± three standard deviations of BG.

Based on this assumption, a threshold value for determination of significant signal was

established as BG + three standard deviations of BG. All pixels displaying intensity

signals less than this threshold were assigned a value of zero. All pixels displaying

intensity values greater than this threshold were considered significant. Significant

intensity values were assigned one of the dye samples via manual drawing of regions of 

interest. Contributions from BG outside of the portion of the FOV covered by the dye

samples were thus separated from the total signal intensity from each dye sample in each

data set. The total signal intensity from each dye sample was then calculated as the sum

of all non-zero values in the corresponding ROI and expressed as a fraction of the total

image signal intensity.

From this analysis, we found that if NIR820 and 4-Sulfonir are used to image two

events in one environment, excitation in the NIR window (>750 nm) causes the former to

emit approximately 90% of the total fluorescent signal. In contrast, excitation in the

visible range results in 4-Sulfonir’s emission constituting around 80% of the total signal.. 

Quantum yield measurement of fluorescent dye.

We follow the procedure that has been reported previously 2, 3. All of the solvents and

reagents are analytical graded except where noted. The stock solutions of the dyes (4-

Sulfonir and standard ICG) were prepared in volumetric flash and then further carefully

diluted to provide standard solution with an absorbance value of 0.5.
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After the absorbance measurement, these diluted solutions were further diluted to a

factor of 10 and used for fluorescence measurements. After obtaining the emission

spectra of the standard and 4-Sulfonir, these were corrected using the built-in function in

the PTI modular fluorescence system using Felix software. The area under the curve were

determined and the relative quantum yield was calculated based on the equation: 
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Figure 1. 1H-NMR of compound 3.
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Figure 3. 1H-NMR of 4-Sulfonir.

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2008



<<
  /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 1.4
  /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 false
  /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 ()
  /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




