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Tailoring Interfacial Properties

Patterns and Adhesion
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Nature’s Adhesives
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Contact Line Splitting
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Different Contact Geometries

Cylinders Wrinkles
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Fabricating a Wrinkled Adhesive by Swelling

Wrinkling mechanism
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Wrinkle Wavelength (1) Control
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Measuring Adhesion
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Describing Adhesion

Separation strength, o,

separation force

Work of adhesion, Wy,

separation energy
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Contributions to Enhancement

1. Geometry of the wrinkle pattern
- control of adhesion by contact splitting (A1)

2. Changes in the PrBA film thickness™
- changes in the debonding mechanism due to lateral
confinement effects (recall that 4 oc /)

3. Tuning of PnBA material properties due to swelling
- differences in elastic modulus (£) and adhesion energy (G,)

*Crosby, A.J. et al., J. Appl. Phys. 2000, 88, 2956-2966
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Adhesion of Replicated Wrinkles:
Wavelength Control of Adhesion
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Step 1: Use the wrinkled PnBA
as the master template.

Step 2: Deposit optical adhesive
onto wrinkled PnBA surface and
cover with coverslip.

Step 3: UV cure optical adhesive
to obtain the negative wrinkled
pattern, remove negative tem-
plate from master.

Step 4: Deposit nBA sol'n onto
the negative template and cure
with UV.

Step 5: Remove the cured PnBA
pattern to obtain the final repli-
cated wrinkled PnBA elastomer.
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Normalized Contact Line

Contact Line Splitting for Wrinkles
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Scaling Relationships

Smooth, non-patterned interface
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Critical Wrinkle Length Scale (),)

for Controlling Adhesion
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Wrinkle Pattern Control of Adhesion

Since pattern morphology can
tailor adhesion...

— Cylinders =

— Spheres =

. surface wrinkles can provide a
simply approach to access different
patterns.

Chan, E. P.; Crosby, A. J. Advanced Materials 2006, 18 (24), 3238-3242

Chung, J. Y.; Nolte, A. J.; Stafford C. M., 2008 (submitted)
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= Surface wrinkling provide a “self-assembled” means to generate a
patterned adhesive

- A patterned interface can enhance adhesion by increasing contact line/area
» The adhesion of the wrinkled surface is materials-defined (4, G, £)

= Process is quite general and applicable to a broad range of polymers
=» swelling of a polymer
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