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MICRO-SCALE SURFACE FUNCTIONALIZATION
OF POLY(DIMETHYL SILOXANE)

Christine Séguin

Poly(dimethyl siloxane), (PDMS), is an opti-
cally transparent, biocompatible polymer
which is permeable to both oxygen and
carbon dioxide. Because of these unique
properties, PDMS has captured the interest
of many researchers in the development of
microfluidic devices for various applications
including DNA assays, immunoassays, cell
culture studies and proteomics. These
applications are, however, limited due to
inert, hydrophobic methyl functionality lo-
cated on the surface of the PDMS.

In a collaboration between Prof. Peter Nor-
ton and Prof. Francgois Lagugné-Labarthet,
the chemical reactivity of the polymer has
been investigated to impose patterned
chemical functionality within a microfluidic
device. Of particular interest are the amine
and thiol functionalities, for their use in
protein and DNA assays, respectively.

The micron scale functionality is obtained
by selectively exposing a physically masked
PDMS sample (Figure 1a) to an argon
plasma in the Edwards Auto 500 Magne-
tron Sputtering System. During the plasma
treatment, the lower energy methyl groups
are removed and restructuring of the inner
silicon-oxygen bonds results in an oxygen-
ated surface. Following plasma exposure,
the surface is coated with a thin layer of
aluminium to protect the oxidized surface
and prevent hydrophobic recovery (Figure
1b).
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Figure 1 — (a) 180 um stainless steel mask (b)
180 ym aluminium dots (white) on PDMS (grey)

When the aluminium is etched from the surface, a
reactive hydroxyl surface is exposed, then, via si-
lanization, the surface is altered to obtain amine
and thiol functionalities.

The amine groups have been further functionalized
using Fluorescein 5 (6) Isothiocyanate (FITC), a
fluorescent dye which derivatizes primary amines.
Using fluorescent confocal microscopy, the amine
functionality of the modified regions was confirmed
with very high contrast (Figure 2).

Continued on page 4...

Figure 2 — Amine functionalized 180 ym
diameter dots derivatized with FITC
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Photonic crystals (PCs) are periodic arrangement of dielectric
structures of two different refractive indices, generally possessing

Photonic Crystal Bio-Sensors

Anil Kumar Mudraboyina

Prof. Jayshri Sabarinathan
Department of Electrical and Computer Engineering, University of Western Ontario

The PC structures are fabricated in the Nanofabrication lab on a
silicon on insulator wafer using e-beam lithography. The pat-

photonic band gaps - ranges of frequency in which light cannot terned samples are then dry etched using the Alcatel 601E deep

propagate through the structure. One of the important properties
of PCs, is their ability to localize light, which is achieved by intro-
ducing defects in a 2-D PC structure by either removing a single
hole (point defect or micro-cavity) or a row of holes (line defect or
PC waveguide). Light propagation modes in PC defects are highly
sensitive to the refractive index in the vicinity of the PC[1]. When a
bio-material is coated in or on a PC based sensor, it changes the
effective refractive index of PC structure. This introduces a peak
shift or change in the properties of the transmission. Using PCs,
the size of the sensor can be dramatically reduced, less than com-
mercial optical sensors. The nano-scale dimensions of these de-
vice allow for the fabrication of low-weight, compact and highly
sensitivity parallel sensors.

10 pm

Fig. 1: PC micro-cavity sensor design

Figure 1 shows a 2D-PC micro-cavity design on a silicon-on-
insulator slab designed in our group (Prof. Sabarinathan). Trans-
mission spectrum of this device has a resonance dip at 1.555um.
The Q-factor of this device is 1000 (Q-factor is the measure of light
confinement time in micro-cavity and therefore proportional to
sensitivity). FDTD(finite difference time domain) techniques are
used to simulate the effects on the transmission spectrum with
change in thickness of bio-material coated on a PC micro-cavity.
Figure 2 shows the linear shifts in transmission spectrum towards
higher wavelengths with increase in bio-material coating thickness
on a PC micro-cavity sensor. The PC micro-cavity sensor shows a
change in transmission resonance dip of 4.57nm for a biomaterial
thickness change of 2nm. If we define the sensitivity of the biosen-
sor as the ratio of the shift in transmission resonance dip to the
change in bio-material coating thickness, this sensor has a sensi-
tivity of 2.285, which is very good for this type of sensor.
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Fig. 2: The transmission data on this graph shows the shift of the
micro-cavity resonance dip shifts to longer wavelength as
thickness of the coating increased

The PC micro-cavity surface is then functionalized with proteins.
A schematic diagram of proteins immobilization on silicon sur-
face is shown in figure 3. The spectroscopic ellipsometer in nano-
fab lab was used to measure the coating thickness of the bio-
material on a PC surface and was found to be 42.47+0.10 A° for
our samples. The uniformity of bio-material coated on a PC sen-
sor plays an important role in sensitivity. Non-uniform bio-
material coating on a PC surface can introduce an error in meas-
urements. Atomic Force Microscopy (AFM), in collaboration with
Prof. Hutter’s lab, was used to characterize the uniformity of the
PC surface after coating with the bio-material.
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Fig. 3: Schematic diagram of immobilization of proteins on silicon
surface used in this experiment
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Fig. 4: AFM images of the surface of the PC, before and after bio-material coating is applied

Fig. 5: Confocal images of streptavidin protein showing fluorescent signal

Figure 4 shows the AFM images of a PC, before and after bio-
material coating on a PC surface. We found the surface is fairly
uniform after the coating and conforms to the PC pattern. To lo-
cate where the proteins were immobilized on the PC surface, a
confocal microscope was used (Bioscope Lab in collaboration
with Prof. Labarthet.) to image the fluorescence signal from the
proteins as shown in figure 5. The proteins were found to accumu-
late on the edges of the PC structure possibly due to the immobili-
zation method used.

Immobilization of proteins on a PC device allows us to design a PC
sensor which is both highly sensitive and highly selective. Immobi-
lization of DNA on PC surface is also in progress, which enable us
to detect DNA hybridization. Current work is in progress to meas-
ure the infrared optical response of the PC sensor in presence of
analyte binding.
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Furthermore, our group has incorporated the chemical techniques inside a microfluidic channel and have achieved in situ functionali-
zation of the micropatterned surface. Within the microfluidic device, the surface functionality has been investigated by studying the
interaction of gold nanoparticles with the electron rich amine group (Figure 3). The amine functionality has also been exploited using
the FITC dye (Figure 4).

200 microns 200 microns

Figure 3 — 230 um dots functionalized with gold nanoparticles inside a 300 um channel

Figure 4 — 230 ym dots functionalized with FITC inside a 300 ym channel
Future studies will involve exploiting the surface functionality for protein assay applications. Using an amine reactive cross-linker,
Protein A and subsequently, fluorescently labeled immunoglobulin molecules will be tethered to the patterned region.

Finally, our group will incorporate the chemical assay inside the microfluidic channel for in situ micron-scale protein assays.
I

The University of Western Ontario

presents:

wW®RLDISCOVERIES"
RESEARCH SHOWCASE

Date: Friday January 30, 2009
Place: The London Convention Centre
Time: 11:00 - 3:00 pm

— Faculty «Q
III_ “Science
— @
(wisTenn inoiniaine]

Western Schulich Ak
\EDICINE & DENTISTRY
Westérn
=
The Nanofabrication Laboratory NSERC
University of Western Ontario Phone: 519-661-2111 Ay y= CBSNG
Physics & Astronomy Building Rm. 14 Fax : 519-661-2033 NanolP/PIC

—r
#~ Canada Foundation for Innovation

London, Ontario N6A 3K7 www.nanofab.ca/fab P Fordei pour

Bernie Kraatz, Laboratory Director Todd Simpson, Research Scientist
Ext. 81561 email: hhraatz@uwo.ca Ext. 86977 email: tsimpson@uwo.ca

Rick Glew, Laboratory Manager Tim Goldhawk, L.aboratory Supervisor ontario researciinTd deva lopment :
Ext. 81458 email: rglew@uwo.ca Ext. 81457 email: tgoldhaw@uwo.ca challenge funds ¥ 1]

!-nuuu

Western

General Inquires Email: nanofab@uwo.ca



	Fall 2008

	This issue

	Micro-scale surface Functionalization of Poly(dimethyl siloxane) 

	For More Information Visit Our Website 

	Page #

	Volume 4, Issue 4

	NanoWestern

	Page #

	Page #

	NanoWestern

	The Nanofabrication Laboratory



<<

  /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

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 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

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /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

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



