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Supplemental Material 

 

Fabrication of the Device 

We employed standard photolithographic techniques to produce a master 

comprising features made of SU-8 photoresist (Microchem) on a silicon wafer. We 

silanized the master by exposing it to tridecafluoro(1,1,2,2 tetrahydroooctyl) 

trichlorosilane under vacuum. The silane ensured that the polydimethylsiloxane (PDMS) 

that we then poured onto the master didn’t seal to the silicon irreversibly as the PDMS 

cured. 

We followed standard techniques of soft lithography to fabricate our devices.1-6 

After curing PDMS in a 60 C oven for a minimum of two hours, we cut a slab containing 

the channels in relief off of the master. We drilled holes through the slab with a syringe 

needles to provide access for polyethylene tubing to connect into the inlets of the device, 

and to provide an outlet through which bubbles and liquid would eventually leave the 

system. We oxidized the slab of PDMS, along with a flat slab of PDMS, for 60 s in a 

plasma cleaner. Oxidizing the slabs caused them to bond chemically and irreversibly 

when placed into contact with one another, thus providing floors for the channels. We 

used PDMS slabs, rather than glass microscope slides, as the material for the floors, 

because we found that the PDMS sealed more reliably to PDMS than to glass.   

After sealing the channels, we allowed the device to sit for two to three minutes at 

room temperature to allow the slabs to bond completely, before filling the device with 

water. Failure to allow time for the slabs to seal often resulted in the channels bursting 

open upon adding pressure to the inlet into which gas flowed. 
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Design of the Microfluidic Network 

The inlet pads – grids of 100 um x 100 um posts, separated from each other by 

100 um – filtered out large particles or flakes of PDMS that entered the system while 

liquid and gas flowed into it. 

We used nitrogen, which entered the device through the inlet positioned 

perpendicular to the main channel in the system, as the gaseous phase. Nitrogen has three 

desirable properties: 1) it is chemically inert; 2) it is insoluble in water, a property that 

prevented the bubbles from shrinking appreciably while they moved through the system; 

and 3) it is inexpensive relative to other gases that also have the other two characteristics. 

The pressure applied to the nitrogen varied between ~1 psi and ~20 psi. The regulator 

that we used applied a minimum of ~1 psi to the gas. If more than ~20 psi was applied to 

the nitrogen, the device sometimes ruptured. 

We controlled the rates of flow of the liquids using a syringe pump (Harvard 

Apparatus, etc.). The ranges of rates of flow that we used were set by the range of 

pressures that we could reliably apply to the inlet for the nitrogen. Typical rates of flow 

that the syringe pump supplied were on the order of 0.1 to 1.0 ml per hour. The liquid and 

bubbles exited the channel through the outlet and were soaked up into a paper towel. 

 We measured the surface tensions of the solutions of glycerol and Tween-20 

using the pendant drop method.7, 8 We suspended a syringe filled with the liquid in the air 

using a clamp, and depressed the plunger so that a drop of liquid hung from the end of a 

flat-tipped needle connected to the syringe. We allowed the drop to sit for two minutes to 

ensure that the surfactant in solution coated the interface, and then took five still images 
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of the drop over the next two minutes. We then used software developed by the Professor 

David Weitz’s group to derive the surface tension of the liquid from the curvature of the 

droplet. We average the data that we obtained from each set of five still images. The 

values of the surface tensions did not vary appreciably across the data obtained for the 

five images; we therefore believe that the surfactant had sufficient time to coat the 

interface. 

We normalized the data we obtained for the surface tension by multiplying each 

value by the ratio of the surface tension of a droplet of pure water generally accepted in 

the literature (0.0728 N/m) to the surface tension of a droplet of pure water that we 

observed in the experiment (0.0749 N/m). 

 

References 

1. M. K. Chaudhury and G. M. Whitesides. Langmuir, 1991, 7, 1013. 

2. D. C. Duffy, J. C. McDonald, O. J. A. Schueller and G. M. Whitesides. Anal. Chem., 

1998, 70, 4974. 

3. P. J. A. Kenis, R. F. Ismagilov and G. M. Whitesides. Science, 1999, 285, 83. 

4. J. C. McDonald, D. C. Duffy, J. R. Anderson, D. T. Chiu, H. K. Wu, O. J. A. Schueller 

and G. M. Whitesides. Electrophoresis, 2000, 21, 27. 

5. D. Qin, Y. N. Xia and G. M. Whitesides. Adv. Mater., 1996, 8, 917. 

6. Y. Xia and G. M. Whitesides. Angew. Chem. Int. Ed., 1998, 37, 551. 

7. B. H. Song and J. Springer. J. Colloid Interface Sci., 1996, 184, 64-76. 

8. B. H. Song and J. Springer. J. Colloid Interface Sci., 1996, 184, 77-91. 

 



<<
  /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 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 ()
  /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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


