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Experimental Procedures 
 

Chlorobenzene, ethyl phenylacetate, single-walled carbon nanotubes (50-70% 

carbon basis, diam. × L 1.2-1.5 nm × 2-5 μm, bundle dimensions), formaldehyde 

solution, resorcinol were purchased and used as-received from Sigma-Aldrich. Urea and 

ammonium chloride were obtained from Fisher Chemicals.  ZeMac® ethylene-maleic 

anhydride (EMA) copolymer was donated by Vertellus® (formerly Zeeland Chemicals), 

and mixed with deionized water to produce a 2.5 wt% surfactant solution.  Silicon wafers 

(2" in diameter, 228-330 nm thick, resistivity: 0.001 – 100, P/Boron type <100> 

orientation) were purchased from Montco Silicon Technologies. 

The in situ polymerization method for encapsulation of hydrophobic solutions1-4 

was modified to encapsulate SWNTs.  Briefly, a core solution consisting of 60 mL 

solvent (PhCl or EPA) and 30 mg CNTs (SWNTs) was sonicated for 30 minutes using a 

Fisher Scientific Mechanical Ultrasonic Cleaner (FS20, without heater) that operates at 

40 Hz.  Pictures in Figure S1 show the increased dispersion of the SWNTs in EPA 

initially (S1a) and after sonication (S1b).  This solution was added to a stirring mixture of 

100 mL deionized H2O, 25 mL EMA, 2.5 g urea, 0.25 g ammonium chloride, 0.25 g 

resorcinol at a pH of 3.5 in a 600 mL beaker.  The concentration of SWNTs was changed 

in the core solution by adding 15, 45, or 60 mg to 60 mL EPA in place of 0.5 mg/mL 

CNTs in EPA.  After the emulsion stabilized for 10 minutes, 6.33 g formalin (37 w/v% 

formaldehyde) was added to the beaker and the reaction stirred for 4 h at 55C.  The 
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resulting capsules were washed with water and dried by vacuum filtration for 2 days.  

Figure S1c is an actual image of the resulting 0.05 wt% SWNT in EPA microcapsules. 

 

Figure S1. Photographs of vials containing CNT suspensions before (a), and after 
sonication (b), as well as dried, filtered microcapsules (c). 

 

Capsule diameters were determined through optical microscopy using a Leica 

DMR Optical Microscope at various magnifications.  ImageJ software was used measure 

the diameters and an average of 100 capsules were used to determine the size 

distribution.  Capsules were also imaged using an environmental scanning electron 

microscope (ESEM).  A Philips XL30 ESEM-FEG instrument was used after sputter-

coating the sample with a gold-palladium source. The released CNT suspensions were 

prepared by rupturing the microcapsules on a silicon wafer mounted on top of a carbon 

tape-coated stage, sputter-coated, and then imaged by SEM. Transmission electron 

microscopy (TEM) was performed using a Philips CM200 instrument with an operating 

voltage of 120 kV.  The solutions containing CNTs were mounted onto carbon-coated 

copper grids (Ted Pella, Inc.). To determine the thermal stability of the microcapsules, 

thermogravimetric analysis (TGA) was performed on a Mettler-Toledo TGA851e 
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instrument, calibrated by indium, aluminum and zinc standards.  The mass loss was 

recorded during a heating cycle over the temperature range of 25˚C to 650˚C at a constant 

rate of 10˚C/min in an atmosphere of nitrogen.  For each experiment, approximately 2-5 

mg of sample was accurately weighed (± 0.02 mg) into an alumina crucible.   

To prepare the solutions for conductivity measurements, 0.1 g of microcapsules 

were added to 1 mL of the respective core solvent (EPA or PhCl) in a 20 mL scintillation 

vial.  For the “destructive” method of mixing, the vials were stirred with a magnetic stir 

bar for 30 minutes.  For the “non-destructive” method of mixing, the vials were agitated 

with a vortex mixer for 30 minutes.  To demonstrate the conductivity of CNTs in 

solution, 2 drops of each suspension were pipetted onto a glass slide from the vials and 

the current was measured using a two-point measurement technique at a Signatone table-

top probe station customized with a standard S725 manipulator (see Figure S2). The 

voltage was swept from -50V to +50V continuously 5-7 times for each solution using an 

Agilent 4155C Semiconductor Parameter Analyzer.  This same method was used to 

analyze the control solutions containing SWNT in EPA and PhCl (0.05 wt% SWNT, or 

1.0 mg in 2.0 mL solvent) as a comparison and their conductivities were recorded at +50 

V. 
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Figure S2. Experimental setup for conductivity measurements at a table-top probe 
station. 
 
Additional Figures 
 

 
Figure S3. TGA scans of microcapsules containing 0.05 wt% CNTs in EPA and pure 
EPA (no CNT). 
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Figure S4. TGA scans of microcapsules containing 0.05 wt% CNTs in PhCl and 
pure PhCl (no CNT). 
 

 
Figure S5. TGA scans of microcapsules containing various weight fractions of CNTs 
in EPA. 
 
 

 
Figure S6. SEM of microcapsule containing SWNTs in PhCl prepared with in situ 
polymerization method1 showing excess wall material. 
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Figure S7.  Optical micrograph of ruptured capsule containing a SWNT-EPA 
suspension (0.05 wt%) on a glass slide showing the released liquid and CNT 
bundles. 
 
 
References 
 
(1) Brown, E. N.; Kessler, M. R.; Sottos, N. R.; White, S. R. J. Microencapsulation 

2003, 20, 719-730. 
(2) Caruso, M. M.; Delafuente, D. A.; Ho, V.; Sottos, N. R.; Moore, J. S.; White, S. 

R. Macromolecules 2007, 40, 8830-8832. 
(3) Caruso, M. M.; Blaiszik, B. J.; White, S. R.; Sottos, N. R.; Moore, J. S. Advanced 

Functional Materials 2008, 18, 1898-1904. 
(4) Blaiszik, B. J.; Caruso, M. M.; McIlroy, D. A.; Moore, J. S.; White, S. R.; Sottos, 

N. R. Polymer 2009, 50, 990-997. 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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 true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


