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Supplementary Information

Fabrication and evaluation of bending properties

The hydrogel strip was fabricated by in situ photopolymerization. The gel network of polymerized actuator
material is anionic and attracts positively-charged surfactant molecules to bind to the gel’s surface. Such
surfactant binding leads to an osmotic pressure difference between the gel interior and the external solution,
inducing bending of the gel strip.! The bending properties of the gel strip were measured with respect to several
factors such as voltage, length, and concentration of AA (acrylic acid), which is known to be an electro-sensitive
component.” To this end, the gel strip was placed in an acrylic ‘bath’ (2 (width) x 5 (length) x 1 (height) cm)
including 0.9 wt.% NaCl solution, and the platinum electrode plates (distance between electrodes: 2 cm) were
used to apply the electric field. The bending angles were measured as a function of voltage variation (3, 6, 9, 12,
and 15 V) and length of gel strip (1, 2, 3, and 4 mm). The effect of AA concentration was measured by
preparing three different hydrogels with different AA concentrations, and the bending angle and Young’s
modulus for each hydrogel were measured. The response time to the applied voltage was another important
factor determining the actuating performance. We investigated the bending behavior with respect to the

frequency of the electric field by applying frequencies of 0.5, 1, 3, and 5 Hz.

Mechanical properties (elasticity and bending force) of the hydrogel

The elasticity of gel strips with different AA concentrations was measured by fabricating dumbbell-shaped
samples (5 cm gage length, 2 mm neck width, and an approximate thickness of 300 um) following the type IV
geometry outlined in ASTM D 638-99." The elasticity was measured using a tensile tester (Model 5548
MicroTester, Instron, USA) equipped with a 10 N load cell. A set of five samples were tested for each parameter
of interest. We measured the bending force directly by using a home-built apparatus. The measurement was
carried out using a load cell-based force measurement device (DPS-0.25K, IMADA, Japan) and the size of the

gel strip was 4 mm (length) x 100 um (width) x 300 (height) um.
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Figure S1. Schematic of the process for fabricating (a) a hydrogel strip via in situ photopolymerization, (b) the
electroactive hydrogel sorter. The device was assembled from four components (PDMS channel, hydrogel,
silver electrodes, and glass slide).
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Figure S2. Experiment setup for measurement of bending angle.
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Figure S3. FTIR spectra of 4-HBA electroactive hydrogel strip fabricated through in sifu photopolymerization

the using of different AA (acryl acid) concentration (6, 11, and 22 %).
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Figure S4. Comparison of hydrogel actuator bending performance in a 0.9 wt.% NaCl solution and mESc media.

All error bars represent + standard deviation (n=5).



Lee et al., Lab Chip, 2010 Supplementary Material (ESI) for Lab on a Chip
DOI: 10.1039/b926443d This journal is © The Royal Society of Chemistry 2010

Input signal

+5V —

(b)

28 1249
20
186 0.5
E 10 E
Eos E
00 00
g o5 8
| 490 =
B .as B 051
= 2.0 (=1
25
40
304 T v v v T v
L] 03 046 10 14 20 26 30

Time (sec)

H

[
o

o
o

. Distance {mm)
B

5
-
-]

o0 0:5 1-‘“ 1-" z-lD 2:5 3:0 0g . u:s ) I.'l:l ) 1.‘5 ) Z.IIJ . 7.'5 ) 3:0

Figure S5. Performance of an electroactive hydrogel actuator (with strip dimensions as given in Figure 1) in
response to alternating square-wave electric potentials. Time-dependent displacements of the actuator strip at

applied square-wave electric potentials of 5 V with frequencies of (a) 0.5, (b) 1, (¢) 3, and (d) 5 Hz.
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Figure S6. Computational geometry with mesh generated.
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Figure S7. The resistance of the valve to the increase of inlet pressure. At the ‘device break’ point hydrogel does

not operate.
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Figure S8. Operation of hydrogel: (a) between wire electrodes and the applying voltage is 1Volt, (b) between

planar gold electrode and the hydrogel starts to move at 3Volt, and bubbles are generated around electrodes.
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Figure S9. Quantification of gene expressions showed the upregulation of mesodermal and endodermal genes in
day 8 EBs. (a) GAPDH, (b) Oct4, (c¢) Nestin (d) AFP and, (¢) BMP. Error bars indicate + standard deviation

(n=3). Statistical comparisons were performed with SPSS (*: p < 0.05).



Lee et al., Lab Chip, 2010 Supplementary Material (ESI) for Lab on a Chip
DOI: 10.1039/b926443d This journal is © The Royal Society of Chemistry 2010

References

1. ASTM D 638-99, Standard Test Method for Tensile Properties of Plastics
ASTM International, 1999.

2. J. Park, H. Oh, D. Kim, J. Back and S. Lee, J. Micromech. Microeng
20006, 16, 656—663.




<<
  /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


