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 Experimental Details 
Preparation of PL oligomer-encapsulating PPL microcapsules: L-lysine-alt-terephthalic 
acid oligomer-encapsulating poly(L-lysine-alt-terephthalic acid) microcapsules 
(precipitate-encapsulating microcapsules) were prepared by an interfacial polymerization 
method. Ten milliliters of 1.5 M L-lysine aqueous solution containing 1.0 M sodium 
carbonate, where the pH 10.0, were dispersed in 100 ml of an organic solution containing 
1%(v/v) of sorbitan trioleate to yield a W/O emulsion by stirring with a magnetic stir bar for 
10 min; Sorbitan trioleate was used as a surfactant to stabilize the W/O emulsion. The 
organic solution consists of cyclohexane and chloroform (3:1 v/v). After stirring the 
solution, the polymerization was initiated by adding 100 ml of 0.1 M terephthaloyl 
dichloride solution. The mixture was stirred for 90 min at 5 °C. To stop the reaction and 
remove the unreacted terephthaloyl dichloride and the reaction residues that had leaked out 
from the capsules, the polymerized capsules were washed by decantation three times with 
cyclohexane and dried in air for 3 hours. Figure S3 shows size distribution of the obtained 
PL-oligomer encapsulating PPL microcapsule in distilled water.  
Microscopic Observation: Five types of HEPES 
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) buffer solution were prepared with 
different pH values. These solutions were adjusted to pH 6.7, 6.9, 7.1, 7.3 and 7.5 with 
NaOH and ionic strength 0.01mol/l. Before the microcapsules were immersed in the buffer 
solutions, we randomly chose 25 of prepared dried capsules with an average size of 0.5 ± 
0.1 mm. After that, five of the chosen capsules were resuspended into 1 mL of each buffer 
solution. The volume change processes of these microcapsules at different pH values were 
monitored by a CCD camera (Q-IMAGING, QICAM FAST 1394) attached with 
microscope (Leica, DMI 4000 B). The resuspended microcapsule was then placed on the 
observation stage of microscope (Leica DMI3000 B, Leica, Solms, Germany) and 
magnified images of microcapsules in the were captured every 10 s for 2 h by a 10-bit 
camera (QImaging, Burnaby, BC, Canada) attached to the microscope. The Obtained 
images were analyzed using Image-Pro plus (version 7.0 ; Sharpstack; Media Cybernetics 
Inc., Silver Spring, MD). Experiments were carried out at the room temperature which was 
adjusted to 296 K using an air-conditioner.  
Characterization of the precipitate in the core of microcapsule: For fourier-transform 
infrared spectroscopy (FT-IR) and size exclusion chromatogram (SEC), 10 ml of 0.1 w/w % 
resuspended microcapsule solution was adjusted to pH 7.5 with ionic strength 0.01mol/l and 
stood for 12 h at room temperature. We conformed by a microscopic observation that the 
resuspended microcapsules have no precipitate in the core after this treatment. This 
microcapsule dispersing solution was filtered through a filtering paper in order to separate 
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microcapsule membranes and membrane fragments; a white precipitate reappeared after the 
pH was adjusted to 4.5 by adding acetic acid. The filtered solutions were characterized by 
infrared spectroscopy (FT-IR, FT-IR-6100, JASCO) and size exclusion chromatogram 
(SEC, column: TSKgel G4000PWXL – Tosoh Co., pump: 515 HPLC Pump – Waters Co., 
detector: 2414 refractive index detector – Waters Co., recorder: C-R8A Chromatopac – 
Shimadzu Corp., mobile phase: water, flow rate: 1.0 mL/min).  

For UV-Vis absorption measurements, 50mg of dried PPL microcapsule was resuspended 
in 50 ml of HEPES buffer solution which adjusted to pH 7.5 with ionic strength 0.01mol/l, 
and mixed by magnetic stirring. One ml of the resuspended microcapsule solutions were 
sampled at 1, 60, 180, 360, and 720 min. These samples were immediately filtered with 
same method as above. UV-Vis absorption spectra were carried out on a quartz cell (10 mm 
× 45 mm × 10mm, Tokyo Glass Kikai Co. Ltd) using an Ocean Optics USB2000 absorption 
spectrometer. 
Study of release behavior: We immersed a dried PPL microcapsule in HEPES buffer 
solution adjusted to pH 7.2 with ionic strength 0.1mol/l, and the microcapsule settled to the 
bottom of a quartz cell (10 mm × 40 mm × 1.0 mm, Tokyo Glass Kikai Co. Ltd). 
Immediately after the capsule was located at the bottom, we monitored the time course of 
UV-VIS absorbance of the buffer solution of the microcapsule in order to evaluate the 
release behavior of PL oligomer from a PPL microcapsule. The microcapsule images are 
captured the underside of the quiz cell, whose underside is transparent. On the other hand, 
Light for UV-VIS spectroscopy was incident from the side of the quartz cell and was passed 
through just above the targeted microcapsule. The absorbance measured at 246 nm in every 
2 seconds by Ocean Optics USB2000 absorption spectrometer.   
 
 
 
 Legend of Supporting Video 1 
The movie of PL oligomer enclosed in PPL microcapsules after immersion in the 10mM 
HEPES-NaOH (pH6.0) buffer solution. Viewing window is 3 mm across, and the video 
is 300 times faster than real time. 
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Figure S1. UV–VIS absorbance spectra of the filtered solutions, which were sampled at 1, 60, 
180, 360, and 720 min from resuspended microcapsule suspension (0.1 w/w % of PL-oligomer 
encapsulating PPL microcapsule HEPES-NaOH solution, pH 7.5, ionic strength 0.01mol/l)  

 

  
Figure S2. FT-IR spectrum of the filtered sample of HEPES-NaOH solution containing 
PL-oligomer encapsulating PPL microcapsule, which immersed into 1mM HEPES-NaOH 
(pH7.0) buffer solution for 12h  
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Figure S3. Size exclusion chromatogram of the released PL oligomer from PPL microcapsule. 
The HEPES-NaOH solution was obtained from the filtered sample of containing PL-oligomer 
encapsulating PPL microcapsule, which immersed into 1mM HEPES-NaOH (pH7.0) buffer 
solution for 12h. 

 
Fig. S4. Size distribution of the PL-oligomer encapsulating PPL microcapsule in water. 

Diameter /m
102 103

Fr
eq

ue
nc

y 

0.00

0.05

0.10

0.15

0.20

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


