Nature's raincoats

Mimicking the water-repellency
of plants and insects
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If a water-repellent (hydrophobic) surface is
roughened by patterning on a tiny length scale, it
can become superhydrophobic. Small water drops
balanced on these surfaces remain almost spherical,
and slide across the surface with very little friction.
There is a distinguished history of research studying
drops on smooth surfaces — one of the most
famous equations is due to Thomas Young who was
appointed Foreign Secretary of the Royal Society in
1802 — but until very recently roughness has been
regarded as a nuisance. Now advances in fabricating
small surface features mean that it is possible to
construct surfaces with well-defined patterns of tiny
needles, posts or hairs and perform experiments
backed up by theory and powerful simulations.

Our work aims to explain the interplay between the
surface structure, the extent to which it attracts or
repels water, and the shape and dynamics of liquid
drops moving across it.
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Electron micrograph of the body of a diving
beetle: the hairs trap air to allow the insect to
breathe underwater

Much of the inspiration for the research has come
from observing how plants and insects exploit
surface patterning to deal with the water in their
environment. Several plants have strategies to
make their leaves superhydrophobic. Lotus leaves
have bumpy, waxed surfaces. Lady’'s Mantle and
Euphorbia, both common garden plants, have hairy
leaves; the hairs hold water drops away from the
surface of the plant. It is not known why plants
have adapted in this way. One suggestion is that
as raindrops roll off the superhydrophobic leaves
they take dust with them, helping clean the leaves.
Another possibility is that the plants keep their
leaves dry to aid respiration.
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“Oh come on, | bt people thought Scuba gear looked silly when it was first invented!”

Exhibitors:

Professor Glen McHale, Dr Michael Newton
and Dr Neil Shirtcliffe,

Nottingham Trent University

Professor Julia Yeomans, Dr Bortolo Mognetti,
Dr Jorn Dunkel, Mr Matthew Blow,

Mr Richard Matthews, Mr Victor Putz,

Mr loannis Zacharoudiou and Mr Irwin Zaid,
University of Oxford

Imagine being hit by a ball of water a metre in
diameter. Spare a thought then for butterflies,
which face an equivalent problem whenever it rains.
Butterflies have highly structured wings, often
covered by triangular ridges. These act as ratchets,
directing drops of water away from the body. The
Namib desert beetle does not need to worry about
such bombardments, but instead requires ingenuity
to collect water. As early morning mists sweep
over the desert the beetle lifts its tail into the wind
so that water condenses on the hydrophilic (water
attracting) bumps that cover its back. As the drops
become larger, they roll down the insect’s back and
into its mouth.

Two research groups are involved in presenting
the ‘Nature's raincoats’ exhibit. At Nottingham
Trent University we are designing and building
novel superhydrophobic substrates. These range
from surfaces that are relatively easy to prepare,
such as rusty metal or layers of sand covered in a
hydrophobic compound, to tiny cylindrical posts
in a regular array, which require sophisticated
and time-consuming microfabrication techniques,
similar to those used to make microchips.
Although the ordered surfaces are harder to make,
they are needed to provide a well-characterised
testing ground for theories. However, we have
found that complex, multiscale, roughness is
far more effective than simple patterning in
promoting superhydrophobicity. A potential use
of micropatterned surfaces is to control the flow
of fluids, and we are performing experiments to
discover whether superhydrophobic coatings can
enhance the rate at which water flows through
a channel.
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