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Motivation

Needs exist for measurement 
of very trace organic species 
in the gas phase.

Atmospheric chemistry
Environmental health 
monitoring
Nuclear proliferation 
detection
Chemical agent & pathogen 
detection

Miniature systems desired, 
but compact sensors (FWP, 
SAW, etc.) do not have 
needed sensitivity.



Preconcentration of Analytes
Preconcentrator composed 
of sorbent media with 
integrated heating/cooling 
system
Sorbent may be selective or 
relatively non-selective 
capture material
Sorbent should act as 
thermal chromatographic 
media if separation desired
Sorbent should be heated 
rapidly and uniformly to 
achieve greatest 
amplification of concentration Chemical Sensor Array

Precon.



Expected Result
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Why CNTs?:  Physical Properties
Good heat conduction potentially facilitates 
rapid and uniform heating.
Relative chemical inertness leads to long 
term stability of sorbent characteristics.
Surface area is ‘external’ (for closed tubes), 
leading to good mass transfer 
characteristics. Large area = high capacity.

RESULT:  If made miniature and in small 
dead volume configuration, peak 
broadening can be limited to only axial 
diffusion effects.



Why CNTs?: Organic Vapor Desorption
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Coupling Nanostructured Materials
into ‘Micro’ Components

Metal Foam

Nanomaterials must be 
put into a form that 
allows a self supported 
structure.
Microtechnology is a 
good solution.  Small 
dimensions allow one 
to take advantage of 
nascent properties.
Micro-nano composites 
can be made by CVD 
or other means. 200 µm

Capillary



Preconcentrator Design

Ni Foam Cores are φ3.5 mm and 80 ppi



PNNL Preconcentrators

Low Temp. Model
PTFE Construction
Limited to 190oC

Trace difficult

High Temp. Model
All metal construction

Tested to 500oC 
600oC likely



Separation of 3 Vapors
(toluene, MEK, DMMP)
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Temperature Ramp Effects
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SWNT Shows Advantage Over Carbon
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Another Advantage of CNTs:
Anchor-Based Functionalization

Surface is readily 
functionalized in 
supercritical fluids  to 
obtain selectivity for 
target analytes.
Can effect selectivity 
and desorp. temp.



Conclusions
Functional multiscale architectures can be 
achieved by forming composites of nano-
dimensioned materials within traditional 
microtechnology components such as thin films, 
channels, capillaries, and foams.
Such architecture allows low pressure drop and 
uniform heat transfer to active materials for 
preconcentration of trace gases.
Where are we going?

‘Designer’ surfaces for chemical selectivity
Incorporation of precon material directly onto 
microsensors


	Incorporation of Carbon Nanotubes into Microstructured Architectures for Preconcentration of Trace Gases
	Acknowledgements
	Motivation
	Preconcentration of Analytes
	Expected Result
	Why CNTs?:  Physical Properties
	Why CNTs?: Organic Vapor Desorption
	Coupling Nanostructured Materialsinto ‘Micro’ Components
	Preconcentrator Design
	PNNL Preconcentrators
	Separation of 3 Vapors(toluene, MEK, DMMP)
	Temperature Ramp Effects
	SWNT Shows Advantage Over Carbon
	Another Advantage of CNTs:Anchor-Based Functionalization
	Conclusions


<<
  /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
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


