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Forces that move adsorbates
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*Entropy
|nter-adsorbate attraction (phase coarsening)

*Dipole-dipole repulsion (phase refining)
*Dipole-electrode interaction (guiding force)




Surface potential
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Adsorbates carry electric dipoles
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Evans, Ulman, Chem. Phys. Lett. 170, 462 (1990)
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Electric field (107 V em)

Cesium on GaAs

Whitman et al.
Science 251, 1206 (1991)

L L L

5 10 15 20 25
Radial distance from tip (nm)

“asgnm | 3V for 0.1s



Equation of motion
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Regular solution

Electrostatic B.V.P.

Charge at the surface
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Field-Directed Assembly
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The molecular car
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Splitting (or merging)
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Modular architecture
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Add a dipole to a molecule

p=0.9x10"Cm
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Evans, Urankar, Ulman, Ferris, J. Am. Chem. Soc., 113 4121 (1991)



Highway-on-a-wall

*Gravity is negligible
*Real estate Is expensive




Adsorption and Mobility
E‘ Wﬂa& E, ~1eV

[ : E,. ~0.1eV
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Strong adsorption: deep well, E, >> kT
High mobility: small En, D ~ va?2 exp (

Barth, Surface Science Report 40, 75 (2000).
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The Authority of Electrode
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More numbers

D ~1a° exp(— Ilf'rl'nj ~ (1013 / leO‘lO m)2 exp(—

= (10‘7 mzls)exp(— 40E,, )
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0.025eV

f =V(p-E)~ p(v/d)/R~ (102 cm)10°V/im)/{10-8 m)=1pN

En, 0.1eV 0.5eV 1.0eV
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Molecular boat?
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Lipids on air/water interface

Lee, Klingler, McConnell.
Science 263, 655 (1994)




Why the molecular car now?

(Imaging, electrode). Tools to
search for the engines, wheels, pavements.

(~100 nm in fabs, ~10 nm in labs).
Tools to make on-chip infrastructure.

Tools to make the car.

Tools to design the car and its on-
chip infrastructure.

Suo, Chen, Maynard, Saif, Sehitoglu




In search of engines, wheels, and pavements

car molecule pavement molecules

substrate

Scanning probe: an imaging tool and a loading tool




What Is the molecular car good for?

(ultimate frontier of matter-transport-on-a-chip).
(combinatorial chemistry).
(medical diagnostics).

(identity and function).




Summary

Adsorbates carry electric dipoles.
Adsorbates move.
Electric field directs their motion.

Self-assembly.
Guided assembly.
Molecular car.
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