


























eo switching summary

¢ S > 1switching (V ~R2/B); S <1 no switching
* §$> 1 eodominates, switch time 1tV ~ B3/R2
e optimum pore-size R for fast-switching

Electroosmotic control:
- no moving parts

- low voltage/current

- fast switching

- green chemistry

- downscales favorably

- individually addressable
- ease of manufacture
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grab/release concept
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grab/release as ‘phase-change’
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adhesion device

Top plate (holes/droplets)

Porous plate (pump)

Bottom plate (reservoir)

\Vogel, PHS , Proc Nat Acad Sci, accepted 2009.

No substrate
/‘fz‘\t\

;

Playback at real-time, 25 V
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volume-scavenging
amongst many droplets

or “your odds at capillary roulette!”

time

final - equilibrium

HB van Lengerich, MJ Vogel and PHS, Physica D 238, 531-539, 2009.
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spherical-cap response

pick the winner!

viscosity & linear network - N drops

v,

™ Hagen-Poiseuille

dVy

—— = 21 Apay, Vi(0) = Vio
i | NN}
dVg

= 12 Apia + 32 Apsa,  Va(0) = Vi

dv - = COonst
d_; = (93 Apaz, V3(0) = Va. ; Vi = const.
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winner depends on V; & N

Initial Volumes Network Topology
1 2 N-1 N
| | W | AR oo oo Euler
Jacobi
25, — : : : : ~ L] Largest
. 4 p— 3rd Largest
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19} B 11th Largest
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197 1 . 4th Smallest
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dynamical system properties

dA

N N N
A= Z A;. Lyapunov function — = — Z Z C@(AP@';’)Q <

dt
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change-of-winner explanation

V2
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capillary coarsening recap

* ‘winner’ depends on network, V and N!

* odds-of-winning are predictable

 results guide device design

12/10/2009

1. Miiller B Strehlow

Rubber

and Rubber Balloons

Paradigms of Thermodynamics

Winner doesn’t always take all!
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adhesion device

Device: side view Table 2
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No substrate q
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adhesion device

Top plate (holes/droplets)

Porous plate (pump)

Bottom plate (reservaoir)

PHS, Vogel, Ehrhard, Proc Nat Acad Sci, 2005.

Playback at real-time, 25 V
5
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big-mac device: performance

shown
tested here

Brick: 670 mg

-

Sandpaper (150 grit): 650 mg  Roof shingle: 675 mg
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silicon-wafer device

Glass frit pump Mass: 0.0g
(device thickness ~ 5 mm, mass ~ 4 g) (clips: 0)

“- WL TTPITTPITT T u DL TTEITT LI - iﬂ--lul omz

B2puxgceal IMA Workshop 12/2009

=
EI _._.-—f;;.V/nf//ﬂf//n/n/ anzu% %ﬂ n
\"%

Electrodes
25



disc-device

Empty device: 9.1 grams

Filled device: 16.48 grams

Predicted holding capacity: ~30 grams
N = 9000 holes, epsilon = 150 micron

Pump: 220 nm PES, 120 micron thick

Reservoir: 4mm depth

Voltage: 9 V
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disc-device loaded w/ cargo

Hershey Snickers
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average force measure
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Debye-layer diagnostics of porous substrates

Droplets
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Debye-layer diagnostics:

fmV

Zeta potential
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Barz, Vogel, phs, “Determination of the zeta potential. Part I,” Langmuir, 2009.
Kirby, Hasselbrink 2004.
Scales, P.; Grieser, F.; Healy, T. Langmuir 1992.
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Debye layer d1agnost1CS° non-polar 11qu1ds
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Barz, Vogel, phs, “Determination of the zeta potential. Part I, ” Langmuir, 20009.
Morrison, 1. Colloids Surf., A 1993, 71, 1-37.

Prieve, D.; Hoggard, J.; Fu, R.; Sides, P.; Bethea, R. Langmuir 2008, 24,
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concluding remarks

Capillarity & electroosmosis

— as elements in “phase-change devices”
— as machine for zeta-potential characterization

droplet volume-scavenging
— one ‘winner takes all’; nearest neighbors compete
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