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Optical Reflectometry 
 
The adsorption of PAMAM dendrimers has been studied by means of in-situ optical 
reflectometry, commonly known as poorman's reflectometry. A polarized laser beam is reflected 
at an interface and is subsequently separated into its parallel (p) and perpendicular (s) 
polarizations using a polarizing beam splitter and the intensity of these two polarizations are 
detected separately as Ip and Is respectively. The adsorbed mass Γ is obtained from 
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where is given by S = Ip / Is and S0 is the value of S prior to adsorption and As ≈ 0.013 m2/mg is a 
sensitivity factor calculated for each experiment on the basis of an optical model. The adsorbed 
mass is converted into surface coverage θ  by making use of 
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where Na is Avogadro’s number, M is the molecular mass, and a is the radius of the adsorbed 
dendrimers as measured by atomic force microscopy (see below). 
 
The substrates are polished silicon wafers (p-type, boron doped) from Silchem GmbH were 
oxidized thermally in a furnace at 1000° C for 75 minutes. This procedure results in a SiO2 layer 
of about 90 nm in thickness, as determined in air with a null ellipsometer (Optrel, Germany). The 
oxidized wafers are then cut into samples with a width of around 12 mm. Cleaning was 
performed in a mixture of 24% NaOH, 30% H2O2, and Millipore water in a ratio of 1:1:5, by 
volume at 75° C for 10 minutes. Prior to experiments, the substrate is rinsed profusely with water 
and subsequently dried in a stream of pure nitrogen. Reflectometry measurements are carried out 
in a home-built reflectometer with an impinging jet cell at a wavelength of 633 nm and an angle 
of incidence of 45° relative to the surface of the prism, such that the angle of incidence at the 
surface of adsorption is around 54°. The setup is similar as the one used was described by J. C. 
Dijt et al., Adv. Colloid Interface Sci., 1994, 50, 79-101. The cell has a bore of 1.0 mm in 
diameter, a separation distance of 0.85 mm and a flow rate of 0.5-1 mL/min was used. Initially 
the interface is flushed with the pure electrolyte solution, and then the feed is switched to a 
solution of PAMAM dendrimers of a concentration of 5.94 mg/L.  
 
Figure S1 shows a typical set of reflectometry results. The initial rise is in good agreement with 
fast deposition based on a perfect sink model. The subsequent adsorption plateau corresponds to 
the saturated surface, from which the maximum coverage was determined.  
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Figure S1. Time dependence of the adsorbed coverage of G10 PAMAM dendrimers on a silica 
surface measured with in situ reflectometry. The upper graph shows the effect of pH at 1 mM 
ionic strength in KCl, while the lower graph shows the effect of ionic strength at pH 5.  
 
 
AFM imaging  
 
The structure of the adsorbed dendrimer layers is determined by AFM-imaging with tapping 
mode in air (Multimode Nanoscope III, Veeco, CA). The substrates were rinsed with deionised 
water and dried in air. The number density of adsorbed dendrimers is estimated from 1×1 µm 
scans taken at least 5 different positions, whereby 500-1500 dendrimers have been counted. For 
these measurements standard tapping mode cantilevers are used, while for the determination of 
the geometrical dimensions of the dendrimers cantilevers with small tip radii below 5 nm are 
employed. The correction due to the finite radius of the AFM-tip is performed on the raw images 
with the program Deconvo 1.1 (Silicon MDT Ltd, Russia). The radii of the adsorbed dendrimers 
are obtained by an image analysis program under IGOR PRO (WaveMetrics, OR) based on the 
algorithm proposed by S. Barrett et al, J. Comp. Assist. Microscopy, 1998, 10, 77. The resulting 
geometrical dimensions of the PAMAM dendrimers on silica are given in the table below. One 
observes that the dendrimers flatten on the surface and that their height is about 20-25% of their 
diameter. 
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 Radius in 

solution  
(nm)a 

Radius in 
adsorbed state 

(nm)b 

Height in 
adsorbed state 

(nm) b 
G10 6.7 8.4 ± 1.3 4.0 ± 0.9 

G8 4.9 5.0 ± 1.6 2.0 ± 0.7 
 

aFrom light scattering as provided by the manufacturer (Dendritech).  
bFrom present AFM investigations.  

 
 
In order to exclude artefacts due to different adsorption conditions, certain samples were prepared 
under absolutely identical conditions for both substrates. In particular, several samples are 
immersed simultaneously in a given solution for the same duration of 12 h. They are rinsed 
thereafter and dried. Figure 2 shows AFM-images from such experiments. These experiments 
clearly confirm the important role of the substrate. For silica, the coverage obtained by 
reflectometry and AFM are in good agreement.  
 
 
 

 
 
 
Figure S2. PAMAM G10 dendrimers adsorbed at pH 4 to mica (left column, a, c) and silica 
(right column, b, d) under identical conditions. The measurements are done at two different ionic 
strengths 0.5 mM (top row, a, b) and 40 mM (bottom row, c, d).  
 
 
 
 



<<
  /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


