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Small is beautiful, and dry

Quanshui Zhengl'z, Cunjin Lv', Penfei Hao', John Sheridan®

! Department of Engineering Mechanics, Tsinghua University, Beijing
100084, China

2 Department of Mechanical and Aerospace Engineering, Monash
University, VIC 3800, Australia

Thousands of plant and animal species have been observed to have superhydrophobic
surfaces that lead to various novel behaviors. These observations have inspired attempts to
create artificial superhydrophobic surfaces, given such surfaces have multitudinous
applications. Superhydrophobicity is an enhanced effect of surface roughness with water
contact angle relations being defined by prescribed relationships. These recognize the level of

. rbughness but a little about the effect of its scale, and thus are not capable to explain why
naturally occurring such surfaces commonly have micron-submicron sizes. The new relation
presented here takes into account the previously overlooked but key fact that the accumulated
line energy arising from the numerous solid-water-air intersections that can be distributed in
the apparent contact area when air packets are trapped at small scales on the surface can
dramatically increase as the roughness scale shrinks. This term can in fact become the
dominant contributor to the surface energy and so becomes crucial for accomplishing
superhydrophobicity. Predictions made using the model are in excellent agreement with
experimental results. We further show that scaling-down roughness into the micro-submicron
range is a unique and elegant strategy to achieve not only superhydrophobicity, but also
increasing its stability against environmental disturbances. These findings guide fabrication of
stable super water-repellant surfaces.

XA MNEHRE. Bk, REXN
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