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exposed areas of silanized glass and regenerated silanol groups.
The hexagonal pattern of posts on the stamp presented many
pathways for the plasma to access the glass. The center-to-center
distance between posts (with diameters 100µm, 1 mm, or 10 mm)
determined the percentage of the surface that PDMS protected. We
used this procedure to pattern wafers with siloxane1 that covered
25%, 50%, or 75% of the surface area (See Supporting Information).

The initial rate of charge separation correlated with the percentage
of the surface treated with cationic siloxane1 (Figure 2). This trend
held whether the diameter of the circular features on the planar
insulator was 100µm, 1 mm, or 1 cm (Figure S4). The charge on
plain steel spheres that rolled on samples silanized on 50% of their
surface stopped accumulating at 100- 200 pC (4- 5× less than the
minimal charge required to cause discharge).3 Surfaces with tailored
ratios of positively and negatively charging functionalities therefore
suppressed contact electriÞcation and prevented electrical discharges.

This strategy also controls charge separation between two
insulating surfaces, which can be particularly challenging with
conventional techniques. Spheres coated with an insulating
acrylic waterprooÞng spray discharged when they rolled on a
clean glass surface; the average amount of charge that these
spheres lost upon discharge was� 10% (∆Qacryl ) 40 ( 20 pC)
of the charge bare stainless steel spheres lost (∆Qss ) 440 (
120 pC). We believe this result reßects the restricted conductivity
of the insulator: only the area on the sphere close to the substrate
participates in the transfer of charge. Although the rates of
charging of the acrylate-coated spheres that rolled on the
homogeneous surfaces were slower than the rates for the plain
steel spheres, their rates of charging correlated linearly with the
percentage of the glass silanized with1 (Figure 2b).

This approach uses chemically patterned surfaces to determine
the rate and sign of the separation of charge between two contacting
materials with four unique characteristics: (i) it does not require
any of the materials to be conductive; (ii) it relies on functional
groups that are covalently bound to one of the contacting materials
and should therefore be less resistant to wear than topical antistatic
coatings; (iii) it relies only on surface chemistry; the bulk properties
of the contacting materials remain unchanged; (iv) the process to
pattern the surface is simple and easy to perform on large surface
areas. It has the disadvantages that the percentages of positively
and negatively charging materials on one surface will be different
for contact with different materials and that one surface must be
amenable to area-selective functionalization. More generally, it
demonstrates that the ion-transfer mechanism of contact electriÞca-
tion enables the rational chemical design of electrets with new
capabilities.
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Figure 2. (a, b) Rate of charging of a rolling steel sphere (a) or an acrylate-
coated sphere (b) as a function of the percentage of the glass surface that
was silanized with1. Each data point is the mean of 7- 8 measurements at
RH ) 15- 20%; the lengths of the error bars represent the standard
deviations of these means. (c- h) Representative traces of contact electriÞca-
tion between a sphere and a glass slide silanized on 25%, 50%, or 75% or
its surface area. Vertical arrows indicate electrical discharges.
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