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Speedy Fabrication of Free-standing Layer-by-Layer Multilayer Films by Using Polyelectrolyte Complex
Particles as Building Blocks
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1. { potential, viscosity and FT-IR of PEC nanoparticles.
2. Optical micrographs concerning the preparing and dissolving of PDDA-CMCNa PEC solid.
3. Optical micrographs of the free-standing LbL multilayer film peered off from the QCM quartz.

4. Versatility of the free-standing LbL film fabrication method.
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1. C potential, viscosity, and FT-IR of PEC nanoparticles.

From Fig. 1, it can be seen that the { potential of PDDA/CMCNa PEC™ and PDDA/ PSSNa PEC*
nanoparticles were -18.8 mv and 22.3 mv, respectively. From Fig. 2, it can be seen that the ns,/c ~ ¢
curves of both PEC and PEC" gives a typical polyelectrolyte behavior, confirming the charged
character of both PEC nanoparticles. The nsy/c value of PEC" is much lower than that of PEC™ due to

the relatively lower molecular weight of PSSNa.
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Fig. 1 C potential of PDDA/CMCNa PEC", and PDDA/PSS PEC", respectively.
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Fig. 2 nsy/c curves for PDDA/CMCNa PEC and PDDA/PSSNa PEC" in water at 30 °C.

From Fig. 3, it can be seen that the negative charge of PDDA/CMCNa PEC™ was due to the COONa
groups in PECs. This is because there are residual COOH groups in PDDA/CMCNa PECs, and these
COOH groups were ionized when dissolved in NaOH. Elemental analysis inserted in Fig. 3 shows that
the average mole ratio of PDDA monomer to CMCNa monomer is 0.19. Elemental analysis of
PDDA/PSSNa PEC is not given since no precipitate was obtained when mixing PDDA and PSSNa
solution. However, it has been known that the composition of PDDA/PSSNa PEC is dependent on its

mixing ratio."
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Fig. 3 FT-IR spectrum of PDDA/PSS PEC, PDDA/CMCNa PEC and elemental analysis results of
PDDA/CMCNa PEC.

2. Optical micrographs concerning the preparing and dissolving of PDDA-CMCNa PEC solid.

Fig. 4 shows the optical photographs of CMCNa solution added with different amount of PDDA and
PDDA@MWCNTSs, respectively. It can be seen that turbidity happens upon the adding of PDDA or
PDDA@MWCNTSs solution (Fig. 4a, d), indicating that ionic complexation happens. When the endpoint
of ionic complexation is reached, the PEC solid precipitates out at the bottom of the beaker (Fig. 4c, f).

These solids are dried and re-dissolved in aqueous NaOH solution to form stable dispersion (Fig. 4i).
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Fig. 4 Optical photographs of (a,b) 400 mL CMCNa (0.01m) added with 50 and 175 mL PDDA (0.01 M),
respectively, (c) depositing of b for 5 mins, (d, €) 400 mL CMCNa (0.01m) added with 50 and 190 mL
PDDA@MWCNTSs, respectively, (f) depositing of e for 5 mins, (g, h) PDDA-CMCNa PEC solid and
PEC/MWCNTs nanocomposite, (i) 0.1 wt% PEC and PEC/MWCNTs solution, respectively (the
aqueous PEC dispersion are stable in months).

3. Optical micrographs of the free-standing LbL multilayer film peered off from the QCM quartz.

As seen from Fig. 5, the multilayer film is clearly visible on QCM quartz crystal by naked eyes (Fig. 5a).
However, it is difficult to directly peer off the multilayer film from the quartz crystal (Fig. 5b), and only
small pieces of cracked multilayer film was obtained (Fig. 5¢ and 5d). The difficulty in peeling off the
multilayer film is caused by the strong electrostatic interaction between the PDDA and quartz substrate.
This phenomenon is inherent for polyelectrolyte multilayer films driven by electrostatic force. Thus, a
post-treatment is required to peel off the multilayer film from the substrate.
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Fig. 5. Optical photographs of (PDDA/PSS);(PEC/PDDA)o(PEC*/PECY), LbL multilayer film
deposited on QCM quartz cystal (a) initial scratching brim, (b) part of the multilayer films peered off
from the quartz crystal, (c ,d) pieces of cracked LbL multilayer films.

4. Versatility of the free-standing LbL film fabrication method.

Fig. 6 shows the optical photographs of peering off (PDDA/PSS);(PEC/CMCNa-PDMC PEC )5
multilayer film from the glass slide after the same GA cross-linking. (Note: PDMC = Poly (2-
(Methacryloyloxy) ethyl trimethylammonium chloride) (Mw=30 0000 g/mol)). Fig. 7 shows that direct
depositing (CMCNa-PDDA PEC/PEC")y also allows the easy isolation of a large area (9x9 cm?)
multilayer film from the cellulose diacetate (CA) substrate in ethanol.

Fig. 6 Optical photographs of (PDDA/PSS);(PEC*/CMCNa-PDMC PEC"),s multilayer films: (a) peering
off the multilayer film after GA cross-linking by tweezers in ethanol, (b) floating in ethanol, (c) in air
atmosphere.
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Fig. 7. Large area (CMCNa-PDDA PEC/PEC"),, LbL multilayer films (a) peering off from CA substrate
in ethanol, (b) in air with a size of 9x9 cm?.

Ref

1 (a) Schuetz, P.; Caruso, F. Colloids Surf. A. 2002 207, 33-40. (b) Thinemann, A.F.; Miiller, M.;
Dautzenberg, h.; Joanny, J. F.; Lowen, H. Adv. Polym. Sci. 2004, 166,113-171.




<<
  /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


