






Challenges:  nanoscale effects on ion concentration



Challenges:  nanoscale effects on ion concentration

Can use interplay between 
walls and ionic concentrations 
to control ionic conduction in 
solutions!



Sometimes hydrodynamics works better than expected!

Burton et al., PRL 92, 244505 (2004)

Use electrical resistance to monitor diameter of constriction as 
mercury drops pinch off from each other.



Sometimes hydrodynamics works better than expected!

Burton et al., PRL 92, 244505 (2004)

Scaling analysis in limit of surface tension and inertia 
dominating:
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Here, τ is the time remaining until pinch-off.
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Here, ρr is the electrical resistivity, and it turns out that θ
approaches 18 degrees universally in this limit (!).

Can pass current through the neck, and use voltage across a 
series resistor as an effective ammeter, and can trigger scope 
accordingly.



Sometimes hydrodynamics works better than expected!

Burton et al., PRL 92, 244505 (2004)

Result of all this:

Simple hydrodynamic picture works all the way down to neck 
diameters ~ 5 nm.



Applications of nanoscale fluid flow

We see that under true nanoscale confinement, liquids may no 
longer act much like liquids!   Can develop properties that look 
much more like those of solids, and exhibit significant dynamic 
effects.

Why are people interested in fluid flows at these scales?

Two quick applications:

• Sorting of macromolecules (electrophoresis)

• Sorting of micro/nanoparticles 



Sorting of macromolecules
Sorting macromolecules by length can 
be a painful process - is there any way 
we can let nanoscale fluid dynamics 
make our lives easier?

Cao et al., APL 81, 3058 (2002)

Yes - viscous flow through long 
channels tends to stretch out these 
molecules.

Tricky bit:  want channels narrow 
enough that only one molecule fits per 
channel, but also need to find way for 
coiled molecule to get itself straight and 
in there….

Answer:  “entropic sieve”.



Sorting of macromolecules

Cao et al., APL 81, 174 (2002)

Can make nanoscale 
enclosed channels by clever 
combination of large area 
patterning and kinetics of 
sputtering.

Scale bars = 500 nm.



Sorting of macromolecules

Cao et al., APL 81, 3058 (2002)

By having a gradient of 
mesoscale obstacles, molecules 
explore more microstates - mor 
likely to end up in a configuration 
that allows them to enter the 
nanoscale channels.



Sorting of micro/nanoparticles

Huang et al., Science 304, 987 (2004)

• Laminar flow around asymmetrically positioned obstacles divides 
asymmetrically.

• Can take advantage of this to separate particles by size.

• Particle too big for “lane 1” ends up getting shunted laterally….



Sorting of micro/nanoparticles

Huang et al., Science 304, 987 (2004)

• Can keep lattice spacing and 
registry of obstacles constant and 
vary the spacing.

• Use fluorescently tagged 
microspheres of different 
diameters to watch the sorting.



Summary

• Microfluidics is a rich and exciting area of research, and is just 
really getting going.

• Potential chemical and biological applications are huge.

• Fundamental physics, physical chemistry and surface science 
questions arise when considering fluid really confined on the 
nanoscale.




