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Nanostructured Layer-by-Layer (LbL) films produced by electrostatic self-assembly of 
alternating cationic and anionic polyelectrolytes are finding many useful applications as 
biosensors and in optoelectronics [1]. They have the advantage of allowing nanometer control 
of film thickness and composition by selecting the appropriate adsorbing species and tuning 
the experimental conditions for adsorption (concentration, pH, ionic strength, etc). However, 
for optimizing their applications a thorough structural characterization of the films is often 
needed, but difficult to obtain with traditional techniques. Here we use Sum-Frequency 
Vibrational Spectroscopy [2], a nonlinear optical technique that probes the vibrational 
spectrum of interfaces and is sensitive to molecular orientational order, to investigate at the 
molecular level the adsorption and structure of polymeric LbL films. In particular, this 
technique allows probing in situ the surface charge density during polyelectrolyte adsorption 
via its effect on the water vibrational spectrum within the electric double layer. We present 
results on LbL films of poly(allylamine hydrochloride) (PAH) and poly(sodium 4-
styrenesulfonate) (PSS) adsorbed onto fused silica substrates, probing the influence of both 
pH and ionic strength on film structure. In situ measurements show that the polymer chains 
are quite disordered, as no signal from the polymer backbone can be distinguished. However, 
polymer adsorption is confirmed by changes in the vibrational spectra of surface water 
molecules that are induced by the interfacial electric field. Through phase-measurements of 
the surface nonlinear response, we can confirm the charge inversion at interface after the 
adsorption of each polyelectrolyte layer. Ex situ measurements show that the films are very 
homogeneous and ordered when dried by slow water evaporation, but become highly 
inhomogeneous on the millimeter length scale if dried by nitrogen flow [3]. We can also 
observe that the orientational order of each polyelectrolyte layer is modified by the adsorption 
of subsequent layers. Increasing the ionic strength of the polyelectrolyte solutions leads to a 
reduced orientational order of the adsorbed layers due to screening of the electrostatic 
interactions. These results have direct implications to LbL device performance. 
Keywords: Layer-by-Layer films, polyelectrolytes, vibrational spectroscopy, sum-frequency 
generation. 
Work supported by FINEP and FAPESP. 
[1] O. N. OLIVEIRA JR., J.-A. HE, V. ZUCOLOTTO, S. BALASUBRAMANIAN, L. LI, H. 
S. NALWA, J. KUMAR, and S. K. TRIPATHY, Handbook of Polyelectrolytes and Their 
Applications, edited by S. K. Tripathy, J. Kumar and H. S. Nalwa, Volume 1: Polyelectrolyte-
Based Multilayers, Self-Assemblies and Nanoestructures, 2001. 
[2] P. B. MIRANDA and Y. R. SHEN, Journal of Physical Chemistry B 103, 3292 (1999). 
[3] H. S. SILVA, T. M. UEHARA, K. BERGAMASKI and P. B. MIRANDA, Journal of 
Nanoscience and Nanotechnology (in press). 
Presenting author: heurison@ursa.ifsc.usp.br, Instituto de Física de São Carlos, Universidade 
de São Paulo, Caixa Postal 369, CEP 13560-970, São Carlos – SP, Brazil 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


