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Microfluidics Innovations

Integrated Circuits Mixing
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Non-Continuum Air Flow

What about liquids?
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Head Disk Spacing ~ 10 nm




Nanofluidics in Nature

Aquaporin

*Discovered in 1992
*Nobel Prize in Chemistry to Peter Agre, 2003
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Length Scales

Steric
Hydration

Van der Waals

Electrostatic
(In aqueous solutions)
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Electrostatic Interactions
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Confined lons

Nanotube Fluidics
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Fabrication Scheme
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Fabrication Scheme

Fabrication Scheme

20-40 nm




Nanochannel Device

Nanochannels
Microchannels
«Standard Lithography

*Amenable to making networks and integration
*Micro/nano interfacing

Signatures of Unipolar Solution
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Dye used: Alexa Fluor® 488 cadaverine, sodium salt



Surface Reactions
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Nanofluidic Transistor
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) ) . - Conductance measurements:
Dye used: Alexa Fluor® 488 cadaverine, sodium salt, 100 uM in deionized water 100 uM KCl in deionized water

Karnik, Fan, et al. Nano Lett. (2005)
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Control of Protein Transport

Reservoir

» Highly surface-
active

— Structural rearrangements
— Hydrophobic interactions
— Electrostatic interactions

Transistor
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Reservoir

* Field-effect control
— Protein-repellant

— Electrically neutral
 Poly(ethylene glycol)
(PEG)
* Epoxy-silane +
Ethanolamine
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Adsorption With PEG

30 uM Alexa 488 avidin in 10 pM KClI
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Karnik, et al. APL (2006)



Protein Flow Control
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Molecular Patterning
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Molecular Patterning
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Karnik, et al. (in preparation)

Rectification of lonic Transport: Diode

Reverse bias- Depletion
Daiguiji et al. Nano Lett. (2005)
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Karnik et al. Nano Lett (2007)
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On-Going Work

USurface Chemistry

Covalently Bonded
PEG, DNA, or proteins
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Programmable Molecular Router
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Using Diode to create electric field gradient
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Future Work
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Micelle Condensation Ordering Calcination

1-2 nm nanotubes

Gas and liquid flow in
sub-2 nm carbon
nanotube membrane

Holt et al., Science 312; 1034 - 1037 (2006).
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And then there are surprises...

100 uM dye, 1 mM KCI, OV
100 uM dye, 1 mM KCI, 10V

More Surprises!!

Evaporation Capillary Pressure

Surface

Water Acetone
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