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Conducting Polymers

Stimuli responsive
materials capable of reacting
in an intelligent way to
changes in environmental
conditions — thus act as
sensors.

v'Change colour in response to immediate environment.
v'Spectrocopic fingerprint changes.
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v'Chemical structure changes.
v’ Volume changes.
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Polyaniline nanofibres

Emeraldine base

Ucpmgl 2n HX

Emeraldineg salt

Basing them on
nanostructures means
they have increased
surface-to-volume ratios. &
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Nanofibre Synthesis

- Inexpensive and convenient to produce.

Time (min)=12 20 30 40 50 60 250 1440 (24hrs)
. . 499 @ PAni nanofibres
> Polymerisation ss5.| [ Slope = 4 mgimi

complete within 24hrs. ™
> Yield can be easily |

scaled up by 1T volume

of reactants. gl
> Convenient purification. N R EEEL R
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Chemical modification of nanofibres

-(CH,),COOH Nanomorphology
IS maintained!

HOOC(CH,), -

(CH,),COOH
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“(CH,),COOH

-(CH,)NH,
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Surface-modified nanofibres switch
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Functionalised nanomaterial is responsive to its environment
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Absorbance (a.u.)
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Evidence for covalent attachment L ARFEY
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PAni + COOH (no covalent bonding)
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NMR evidence CLARITY

- strongly supports covalent attachment of the MA
chain to an electron-withdrawing group.

PAni-COOH

| (I | [ [ [ [ [ [ [ [ ]
8 6 24 22 2.0 1.8 1.6 1.4 1.2
Iy H Il
[(o]f22] [17

COOH acid |
ww ... ..., | 22 protons:

2.8 26 %2,4 22 20 18 16 A e ;'41-2 ) HS(CH2)10COOH

51 (1865 ol [
 Triplet @ 2.11 p.p.m. assigned to - disappears for PAni-MA.

* General downfield shift for protons in PAni-MA suggests deshielding - consistent
with covalent attachment to electron withdrawing units (quinoid ring).

« The shift is accompanied by a change from multiplet to triplet, consistent with
the loss of the S-H bond in the PAni-MA.
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Self-Doping behaviour
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- Protonation can occur due to the presence of covalently

bound acid side-groups.
- Self-doped nanofibres show enhanced conductivity in an

alkaline environment.
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Controlling the extent of functionalisation
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The intensity of -COOH bands scales
linearly with the amount of thiol added.

The degree of side-chain attachment
can be controllably altered.

PAni nanomorphology is affected
by excess functionalisation.

:.: 1 |1|:|1_u"r'|. i

Shown: 0, 44, 109, 218 mg COOH, added to 45mg PAni.
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Quantifying the extent of functionalisation
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* PAni-COOH fibres show two significant
decompositions.

* First peak: a modified PAni-COOH
surface component.

» Second peak: unmodified PAni.

TGA confirms a linear trend in the level of functionalisation
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Platforms for further modification CLARITY

Spiropyran attachment

-(CH,)NH,

H,N(CH;), -
CHINH, [ ov
-
H,N(CH,), - vis
-(CH,)NH, a
R = (CH,), COOH.
—RE v

5 » SP switches to MC form -

i characteristic peak at 550cm-’.

: — » This switching can be repeated for
T N three cycles with no observable
wasrg o degradation.

e « FTIR support covalent attachment of the

6min White

—— carboxylic acid group of SP to the amine
group attached to PAni.
« UV (in ethanol) shows SP switching.
e Swtiching is immediately reversible using
e Wt ) white light.

Absorbance (a.u.)
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Nanofibres can still be switched

PAni nanofibres can be surface
functionalised with spiropyran to
produce a nanomaterial with a
photoswitchable surface.
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Functionalised nanofibres retain the ability to
switch optical properties in response to
changes in the pH of the local environment.
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Range of applications for responsive

nano-platforms....
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Chemol bio sensing

- Anti-body/ virus detection

- Glucose oxidase detection

- Medical and industrial gas monitoring

Energy storage devices
Transducers (eg, for immunoassays)
Catalyst supports

Hydrogen storage

Flexible electronics eg. OLEDs

Fuel cell electrodes

Drug release membrane

Actuators

Batteries

Separation membranes
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Conclusions CLARITY
-(CH,),COOH
HOOC(CH,), -
(CH,),COOH
HOOC(CH,), -
“(CH,),COOH

-(CH;)NH,

-(CH,)NH,

-(CH;)NH,

» Carboxylate/amine terminated side-chains can be attached to nanofibres.
» The degree of covalent attachment can be controllably altered.
» Thus provide a template which can be further modififed to develop more

sophisticated structures, for applications such as biosensing.

DUBLIN CITY UNIVERSITY ¢ TYNDALL NATIONAL INSTITUTE

UNIVERSITY COLLEGE DUBLIN *




als

CLARITY
Acknowledgements
DCU Intelligent Polymer Research
Prof. Dermot Diamond Institute (Australia)
o . Prof. Gordon Wallace
Silvia Scarmagnani
Dr. Nameer Alhashimy
All the members of Clarity
Funding Sources:
Science Foundation Ireland
o
= f ENTERPRISE
ST IRELAND

UNIVERSITY COLLEGE DUBLIN * DUBLIN CITY UNIVERSITY ¢ TYNDALL NATIONAL INSTITUTE



	Towards the development of adaptive nanostructured platforms
	Outline
	Chemical modification of nanofibres
	Controlling the extent of functionalisation
	Range of applications for responsive nano-platforms….
	Conclusions
	Acknowledgements


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


