Fabrication of High Aspect Ratio Vertically Aligned Carbon

Nanofiber-Based Electrochemical Probes for the Probing
of Intact Whole Cells

Parallel Interfacing to the Single Cell

Research sponsored by the Laboratory Directed Research and
Development Program of Oak Ridge National Laboratory (ORNL),
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The ability to interface to the cellular world
IS an integral aspect of basic research
and applied biotechnology
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The carbon nanofiber provides an approach for
massively parallel integration with the cell

Based on the development of techniques to generate vertically
aligned carbon nanofiber arrays.
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Merkulov, et al, Applied Physics Letters, Vol. 79, No. 8, pp. 1178—1180, 20 August 2001
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Fiber array structures may be fabricated specifically for
application as subcellular-scale electrochemical probes

1-2 microns tall
30 nm diameter at the tip
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‘ E 7 microns - typical diameter of mammalian cell E ‘
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Devices may be
fabricated on transparent
substrates, enabling
integration with optical
microscopy

High Aspect Ratio Structures

Patterned Resist

Transparent Substrate
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Individual Addressability

Controlled Exposure of Tip e
e

M.A. Guillorn, T.E. McKnight, et al, submitted to JAP
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Individually addressable,
multielement nanoarrays

W electrode

. /

4-element nanofiber array with
tungsten leads to periphery of chip
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The electrochemically-active surface area can be selected
by controlling the depth of protective photoresist

Exposed carbon tip %/‘lfé TI;%SSWﬂtGd
\ Exposed carbon \
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NiFe catalyst

particle
SEM image showing a completed STEM image showing a completed VACNF
device probe tip that was removed from the substrate.
The oxide layer has been removed from the tip.
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Quality of the PECVD oxide

Device passivation (leads and probe shaft) must be pinhole free, such that
electrochemical activity is limited to the probe tip. This was demonstrated using
gold electrodeposition.

10.0kW 13.4min %250k SE(M)

Au ball formed during electrodeposition
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Electrochemical characterization of individual
probe elements

For a hemispherical

microelectrode,
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Potential vs. Pt Reference Electrode (V) VACNTF probe tip
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Individually addressable 4-element fiber array

integrated with a 20 micron fluidic channel

Molded microfluidic
manifold (PDMS)

4-element nanofiber
array on transparent
(quartz) substrate

Wirebonds to pads on
substrate
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Integration with microfluidics enables improved
control over analyte delivery

W interconnects

&1

4 element fiber array il Eanii
10.0kV 9.5mm x605 SE(M) 50.0um

Optical micrograph of array
in a 20 micron channel
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The interaction of carbon fibers with cells

Cryo-SEM imaged of CHO cells
impaled on VACNF forests.

|
5.00um

Samples were flash frozen in liquid N,
it h( % Following the removal of ice crystals by a
10KV 11.3mmx6OKSEQY) BTSSR  sublimation process the samples were
sputter coated with Au and imaged
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The interaction of carbon fiber arrays W|th

biomatrices
1.0kV 13.5mm x18.0k SE[M]
Integration of CNF Array with possible P. fluorescens biofilm
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Direct culture and manipulation of a single cell onto
a multipoint electrochemical array

J774a.l direct
cultured on fiber

arrays
micromanipulation of single cells onto
multielement fiber arrays -~
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Perhaps our most exciting finding...
we’ve discovered Whoville and their Christmas tree
IS decorated.

20.0kV 12.4mm x40.0k SE(M) 1.00um
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Related Talks...

Anatoli Melechko
Control of Carbon Nanofiber Growth: "Base" versus "Tip" Growth Regimes
Thursday, November 1, 2001, 8:20am, Room 133

Michael Guillorn,
Integrated Field Emission Devices with Single Carbon Nanofiber Cathodes
Friday, November 2, 2001, 11:00am, Room 133

Derek Austin

Contacting Carbon Nanotubes by Electrodeposition of Metal
Wednesday, October 31, 2001, 11:00am, Room 133

John Caughmann,

Patterned Growth of Vertically Aligned Carbon Nanofibers by High Density Plasma
Enhanced Chemical Vapor Deposition

Tuesday, October 30, 2001, 9:00am, Room 133
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Survival rate of fiber elements through spin-coat
processing steps Is exceptionally high
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