SELF-CLEANING'

MATERIALC

The lotus plant’s magnificent ability to repel dirt
has inspired a range of self-cleaning and
antibacterial technologies that may also help
control microfluidic “lab-on-a-chip” devices

By Peter Forbes

ilhelm Barthlott of the University of Bonn in Germnany, discoverer and devel-
oper of the “loms effect,” has a vision of a self<cleaning Manhartan, where a
lictle rain washes the windows and walls of doyecrapers as cean as the immac-
ulate lotue. Elsewhers, he sees tenfs and marquess using new textiles that stay equally
gpotless with no interrention from a human cleaner. He isnot the only onewith his sights
sk on a future populated with objects that rarely if ever need washing: in Japan, tech-
nﬂnﬂﬂm&rﬁnﬁngldf—lhnﬂnﬁﬂlgmmm surfaces for bathrooms and
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hiogpitals. Michael Bubner and Boberr Cohen of
the Massachusetra Instivute of Technology envis-
age similar technologies keeping bathroom mir-
rors unfogged and concrolling microfliidic “labs
an a chip® (in which fluids meve through micro-
scopic pathways). Already with us are shirts,
bloises, seirms and trousers that shnig off keech-
up, mustard, ed wine and coffes. & revolution
in self-cleaning surfaces is under way.

The story of self-cleaning material s beging in
nature with the sacred lotus (MNelwmbo macifend),
a radiantly graceful aquaric perennial thar has
played an enormous role in the religions and
cultures of India, Myanmar, China and Japan.
The lotus isvenerated because of its exoeprional
purity. It grows in muddy water, burt its leaves,
when they emerge, stand meters above the warer
and are seemingly never dicty. Drops of warer
on a lotus leaf have an unearthly spackle, and
rainwarer washes dict from that leaf more read-
ily than from any other plant.

It isthis last property thar deear Barcthlorts
artenticn. In the 1970s he became excited by the
possibilities of the scanning electron micro-
scope, which had become commercially avail-
able in 1965 and offered vivid images down 1o
the nanomerer realm. Ar thar scale of magnifi-
cation, specka of dim can min the picture, and
a0 the samples have to be cleaned. But Barchloce
noriced thar some plants never seemed o need
washing, and the ponce of these was the lotus.

Barthlort realized thar the effect is caused by
the combination of tao features of the kaf sur-
face: itswaxinesaand the microscopic bumpsia
few micron s insize) that cover it. He knew from
bagic physics thar the waxiness alons should
makes the leaves hydrophobic, or water-hating.
i such a material, doops of water sic up high
o mninimize theirarea of coneact wich the mate
rial [sae bottom Box on mext page]. Warer on a
more hydrophilic, or water-loving, substance
spreads across it to maximize the contact area.
For a hydrophilic surface, the contact angle
{where the dropler®s surface meers the marterial)
ig lesa than 30 degreess; a hydrophobic surface
hasa conract angle greater than 90 degrees.

In addition, heunderstood thar the inmame -
able bumpa take things a step furtherand canse
the lotus surface to be supedrrdrophobic—the
contact angle excesds 150 degrees, and warer
on it forma nearly spherical droplets with very
lictle surface contact thar roll across it as easily
as ball bearings would. The water sits on top of
the bumps like a person ring on a bed of nails.
Air trapped bepasen the water and the kaf sur-
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face in the spaces arcund the bumps increases
the contact angle, an effect thar is described by
the Cassie-Baxterequation, named afrer A B.I.
Casgie and 5. Baxrer, who first developed it in
the 159405,

Dvirr, Barchloor saw, similarhy touches only the
peaksofthe lotus leats bumps. Raindrops easily
wer the dirm and rollic off the leat. This discovery
thar microscopic bumps enhance cleanliness is
wonderfully paradoxical. 1 learned at oy moth-
er's apron that “noocks and crannies harbor
dirt®—capiring the conventional folk wisdom
that if you want to keep things clean, keep them
smooth. But contemplation of the lotus showed
that this homily is notentirely tnie.

First and foremost a bovanist, Barthloct ini-
tialty did not see commercial possiblities in his
observation of how the minusculke bumps keep
lztus leaves spotless. In the 19808, thaough, he
realized thar if rough, waxy surfaces could be
gynthesized, anarrificial lotus effect could have
rnany applications. He later patented the idea of
constructing surfaces with microscopic raised
areas o make them self-cleaning and regisered
Lots Effect as a trademark.

Engineering a supechydrophobic surace an
an abject by wsing the lotus effect wasnot easy—
the mature of a hydrophobic material is o repel,
baar this smaff that repels everything has to be
made to srick to the object itself. Mevertheless,
by the early 1%%0s Barthlote had creared the
“honey spoon™ a spoon with a homemade
microacopically rough silicones surface that
allceara honey to moll off, leaving none behind.
Thiz pmoduct finally convinced some large
chemical companies that the echnique was via-
ble, and their easarch muscle was soon finding
more ways to exploit the effect. The leading
applicarion so faris Seolotusan facade paint for
buildings, introduced in 1992 by the German
mulcinational 5o AG and a huge success.
“Lotus Effect™ is now a household name in Ger-
many; last Ocrober the joumal Wirtschafrs-
aroche named iv as one of the 50 mostsignificant
Germnan inventions of recent years.

Say “self-cleaning.. ..” and many people would
add “clothes™ as the missing word. We do not
clezan the cutside of our houses very often, but
washing clothes is always with us. After a ten-
rative start, self-cleaning fabrics a e poppingup
all ower, It began with Mano-Care,

Mano-Care is a finish applied tofabrica devel-
oped by inventor and enteprencur David Soane,
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KEY CONCEPTS

m Microscopk bumps on

a lohts leaf trarsfarm

Its waxy surface Infto an
extremely water repellent,
of superhydrophobic,
materlal. Ralndrops roll
easlly across such a sur-
face, remoding anydirt.

m Reszarchers have deveal-
oped syrithetic seif-clean-
Ireg materlals, some of
which are based an this
“lotus effect,” whersas
others employ the opposite
propert y—superhydro-
philldty—as well a5 cata-
Igtic chemical reactlons.

m Future products may com-
bine the tevo water affinity
propertles or use substanc-
esthat can be switdhed
back and farth ta contral
theflove of liquids through
microfluldi: comporemts,

—TheEditors
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THE LOTUS EFFECT

The lotus leal"s remarkable ability to stay clean Irspirad development of self-cleaning materlals.

& Water rolls across a leaf without sticking at all
and camies away dirl.

Micmscopic burmps {a few microns in sice) all across
the leaf’s surface hold the key 1o itz water-repelling
properties. & rough coating of nancsoopic was orystals
on these bumps further increases the effect.

[THE BASICS]
PHYSICS OF THE LOTUS

The lotus's self<learing affect stems From its surface being extremely hdrophablc fwter-

repelling), Whether a material s ydrophoblc or ledraphillc (water-atiracting) depends
on the contact angle betwesn the mated al and the surface of watar,

CONTACT ANGLES HOW THE LOTUS
CLEANS ITSELF
u
|
HYDROPHILIC SUR B CE:
kess than 20 degreas

On atypical surface [one not=xtremely
hydraphilic or hydrophobic), a drop of
walersides across and leaves most dirl
particles sticking to the ahject.

3

HYDROPHORIC SURFACE:
qgreater than 90 degress

LRI LA LA [ENT

SUPERHYDROPHOR IC SURFACE:

greater than 150 degress

The largs angle resulis from bumps that
trap airbe=tween waler and the surface,
minimizing contact with the surface.

On a superhypdrophobic surface,

a drop rolls acrcss, picking up dirt and
carryng it away. The water and dirt have
greater affinity for sach other than sicher
doesforthe surface.
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niora made by his company Mano-Tex. Think of
the fuzz on a peachs putthe peach under the tap,
and you will see the Mano-Care effect. Mano-
Care’s “fuzz” iz made of minuscule whiskers
and is attached to the cotton thread s, The whis-
kere are soemall—less than a thousandth of the
height of loms lumps—rchat the cotton threads
are like great tree trunks in comyparison.

dano-Tex's rival is the Swias firm Schoeller
Texril AG, which calls its techoology Mano-
Sphere. The system hasnanoscopic particles of
gilica or of a polymer on the clothing fibers, and
these particles provide the lotuslike bumpy
rotighness.

Because many untested claims have been
made to support nanotechnology products,
standard s institdtions a e beginning toset strin-
penr tests for self-cleaning clothing thar are
baged on these innovations. In Ocrober 2005
the German Hohenstein Besearch Institute,
which offers rests and cerrificarions to rrade and
industry around the world, announced thar
ManoSphere textiles were the first of such fab-
rics to pass a whole range of tests, including
those examining warer repellency and the abil-
ity of the fabric 10 maintain its peformance
after ordinary wash cydes and other wear and
tear. Io a teat of my own, samples of Mano-
Sphere showed an impresaive ability o shrug off
oily tomarno sauces, coffes and red wine staine—
gome of the worst of the usual suspects.

Easy-clean clothes are becoming widely
available, bur buyers of marqueess, awnings and
sails are expected to constitute the bigpss mar-
ket (in terms of money spent] for lonie effect fin-
iahes. Mo one really wants to have to clean these
Large outside structues.
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Superwettahbility

The explorarion of the lotus effect began as an
artempt to understand the selfcleaning powers
of one type of miface—waxy ones with micro-
gcopic or even nanoacale structures. This
research has now broadened into an entire new
science of wettability, self-cleaning and disin-
fection. Ressarchers realized that there might
be many ways to make superhydrophobic sur-
faces and rhat superhydrophobicicy’s reverse—
sipetydrophilicicy—might also be interesring.
The leading player in supechydrophilicity is the
mineral ritanium dioxide, or ricania.

Titania® joumey to stardom began more
than four decades ago with a property that has
nothing 1o do with wemability. In 1267 Akira
Fujishima, then a graduate student atthe Univer-
gity of Tokyo, discovered that when exposed to
ultravioler light, titania coald split water into
hydrogen and ouygen. The splitting of water
powered by light, or photolysis, has long been
samething of a holy grail because if it could be
made towork efficienthy, it could generate hydoo-
gen cheaply encugh to make that gas a wiable,
carbon-free substindte for fossil fusls. Fujishima
and other meearchers pursued the idea vigoroia-
Iy, but eventually they realized that achieving a
commencial yield was a very distant prospect.

The studies did reveal that thin films of rita-
nia {in the range of nanometers o microns
thick) work more efficiently than do larger par-
ticles. And, in 1990, after Fujishima teamed up
with Kazuhito Hashimoto of the University of
Tokyo and Toshiya Watanabe of the sanicary
equipment manufacoirer TOTO, he and his col-
leaguies discovered that nanoscale thin films of
titamia activated by ultraviolet light have a pho-
tocarabyric effecr, breaking doan organic com-
pounds—inchiding those in the cell walls of
bacteria—io carbon dicecde and water,

Titania is photccatabyric becauss it is a semi-
conductor, meaning that a moderate amount of
energy is needed to lift an electron from the
mineral’s so-called valence band of filled energy
levels across what is knoarn as a band gap {com-
posed of forbidden energy levels) into the empry
“conduction band,” where electrons can flow
and carry a current. In titania®s case, a photon
of ultraviclet light with a wavelength of about
348 nanometere can dothe trick, and in the pro-
cead it produces two mobile charges: the elec-
rron that it hoists to the conduction band aswell
as the hole thar ia left behind in the valence band,
which behaves much like a positively charged
particle [see box on rext page]. While these twa
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[A LOTUS LESSON]

Untreated cotton fiber

ONE WAY TO STAY CLEAN

- Companies have made textiles that can shrug off water and food spills by being supsrhy-
draphoble like a lotes leaf (fop). Modifications to the material's Indddual cotton fibers
produce the effect, Inone scheme (bofftom), partkles form bumps several hundred nano-
meters (nstzeon the fbers, Mamy other products, such as facade palnt and roofing tiles,
hawe a mkrescoplc of nanoscopk rough finkh to Induce the lotus effect.

charges are on the loose, they can interact with

water and oocygen at the surface of the titania,
producing superoecide radical anions (O;~) and

brydroocy] radicals (O/H ) —highly reactive chemi-
cal species that can then convert organic com-
pounds to carbon dicstide and warer.

In the mid-1990s the thres Japansse ressach-
ers made another cnicial discovery about titania
when they prepared a thin film from an aqueous
sugpension of titania parricles and annealed itat
500 degrees Celsins. Afrerthe scienrists exposed
the resulting transparent coaring to ultraviolet
light, it had the extraordinary properiy of com-
plete werrability—a contact angle of zero
degrees—for both oil and water. The ultraviolet
light had removed some of the cwypen atoms
from the surface of the titania, resilting in a
pachwork of nanoscale domainswhere byd ros-
¥l grouipe became adsorbed, which produced the
superhydrophilicity. The areas not in those
domains were reponsible for the grear affinicy
for oil. The effect remained for several days after
thie ultraviolet exposure, but the ricania alowly
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LOVE-HATE
RELATIONSHIPS

Some surfaces, spanning tha
gamut from water-lowing to
water-hating, and their approxi-
mate contact angles:

prage|

m Hydrophilic standand windos
gls, 3 degreas

m Hydrophobikc: Tefior, 100 degress

m Superrdrephiobc lous eaes

160 Degrees
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SELF-CLEANING TITANIA

Thin films of itanta haee the veryopposite propsrty to the lotus—supsrhedrophiliciy—
wet they, too, shrug off dirt, and they are dso artimicroblal,
What the Water Doss © ? !_L-—-—”
Wateronas drophilic
mmﬁulfumﬁlmzzr:ﬂmnﬁe i __——-_F_df
surface and =asily disledges and il
removes dirt as it Aows. Super- &
hydrophilicity also prevents a
surface from fogging because water i:ll%::?jmT?:—!—’ ‘Water
spreads nstead of farming the i — Dirtpartich
innumerable tiny droplets that [
constitute afog _..---""'--.-
F_'_'_._'__
- —Uloavicletrays
——— Glass
B Titania
———
A& The Chermistry ___h——____ Shasdng
Ultrzviolet rays (such as in T . watar
sunshine] sxcite lectrons and hokes (positively
charged “absences® of electrons) in the titania {1]. s —_—
Theelectrons combine with copgen moleoules to fom
negatively charged sup=roxide radical anions [Za), and
the holes combine with hydroxide anions from warer 1o form
neviral hydroxyl radicals (26}, These highly reactive species kill microbes and break down
organic matenals on the surface (3. The diraviclet light ako changes the struciurs of the
titania film, making it supechydraphilic (23, which allows waterto wash ofF dirt(5).

[THE AUTHOR]

Petar Forbes isa science writer
liwing in London. His 2006 book,
The Cecka's Foot (W, W. Norton),
explored a wariety of biomimetic,
or bisirspired, technalogizs. He
was alsa editor of Scanning the
Century: The Panguin ook of
tive Twentlieth Century in Poetry
{Penguin, Z000).
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reverted to its original scate the longer it was
kept in the dad:.

Although icis the very opposite of the lotus
lzaf®s repuilsion of water, titania’ supechydro-
philicity tums our also to be good for self-clean-
ing: the warer tends to spread across the whole
surface, forming a sheer that can carry away
dirt as it flow s, The surface also resists fogging,
because condensing water spreads out instead
of becoming the thousands of riny droplets that
constinure a fog. The photocaralyric action of
titania adds deodorizing and dizinfecrion to the
self-cleaning abilicy of coated irema by breaking
down organics and killing bacrena.

The ritania-coating indu stry is now bungeson-
ing. TOTO, for instance, produces a ranges of
photocatalytic self-cleaning products, such as
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outdoor ceramic tiles, and it licenses the tech-
niology worldwide.

Because nanocoarings of tifania are tran spar-
enf, treated window glass was an obvious devel-
opment. [n 2001 Activ Glass, developed by Pilk-
ingron, the langest glass manufacturer in the
LLE. becarme the frst oo hit the marker. In gen-
eral, glass is formed atabour 1,600 depgrees Con
a bed of molten tin. To make Activ Glass, ritani-
um tetrach londe vapor is passed over the glass
ar a later cooling stage, depositing a layer of tira-
nia finer than 20 nanometers thick. Activ Glass
ia fasr becoming the glass of choice for conserva-
tory roofa and wehicles” side mirrors in the TLE.

Linfortunately, ordinary window glass blocks
the ultraviolker wavelengrhs that drive ritania’s
photocatalyric activicy, so fitania nanclayers are
less uaeful indoors than our. The anawer iz (o
“dope™ the titania with orher substances, just as
gilicon and other ssmiconductors are doped for
elecrronics. Doping can decrease the marenal’s
band gap, which means that the somewhat lon
ger wavelengths of indoor lighting can activare
phorocatalysis. In 1985 Shinn Sato of Hokleai
do Ulniversity in Japan serendipitously discoy
erad the benefit of doping titania with nicrogen.
Silvercan also b used to dope the fitania. Only
in recent years, however, have these approaches
been tranal ared into commercial processes.

The antitacterial and deodonzing properrics
of doped ritania are expected 1o have wide appli-
cations in kitchens and bathrooms. Titania is
alao being used in self-cleaning rexriles and
affers the advantage of removing odors. Yarious
techmiques have been devised to attach it to fab-
rica, including via direct chemical bonds.

The lotus-inapired materials and the ticania-
based thin films can ke seen as oppos e exremes
rarely found in our everyday world where, as
Englizh poet Philip Larkin said, “nothing’s
rade /A snew orwashed quice clean.™ Fora long
time, the echniques and marenals were encirely
different, and studies of the supechydrophobic
effect and photocaralytic superhydrophilicity
were totally separare. More recently, a remark-
able convergence has ocourred, whith investiga-
tors working on combining the two effects and
on producing both of them with very similar
marerials. Ressarchers are even explonng ways
o get the same stmicture to switch from being
stiperhydrophobic to being supethydrophilic,
and vice versa.

An early hine of the convergence came in
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2000 from ticania pioneers Fuji shima, Watanabe

and Hashimaoto, They wanred to uee titania o

extend the life of lotis effect surfaces, Ar first

blush, this approach sounds destined for failure

ritania’s phorocaralyric acrivity would be

expected to artack the hydrophobic, waxy coar-
ings of lotus surfaces and destroy the effect.
And indeed, sach artacks do happen with lange

concentraticns of titania. But the group found

thar adding just a tiny amount of ritania could

significancly prolong lotis effect activiey with-
out greatly changing the high contact angle

needed for the sirong repellency.

In 2003 Bubner and Coben’s laboratory at
MLLT. discovered how a minor change in con-
stmction could determine whether a superhy-
drophobic or supethydrophilic surface was pro-
duced. Dunng a wisit i China that year, Rubner
recalls, he “gorexcited aboutsome superhydro-
phobic structures™ thar were mentoned ar a
meering. Om his recurn, be dircred some of his
group s members to attempt tomake such struc-
mares. His lab had developed a layer-by-layer
rechnigue for making thin films cut of a classof
compounds called polyelecrrolyres. Crdinary
electrolytes are substances that when dissolved
in warer splic up ince positively and negarively
charged 1ons; common sale or sulfuric acid
wioti b be examples. Polyelectrobytes am ornganic
pobymers, plascic marerials that, unlike most
pobrmers, carry charge, eicher posicive or nega-
tive. Rubner and Cohen stacked up alternating
layers of positively charged polyiallylamine
bydrochloride) and negarively charged silica
particles. (In earlier work they had vsed coat-
ings with silica parricles to mimic the lofus®
rough bydrophobi surface.)

To these multilayers, they added a final coar-
ing of silicone (a hydrophobic marerial), but
along the way they noticed something infrigu-
ing: before they applied the silicone, the layer
cake was actually supethydropddic. In Rubner
and Cohen'’s expenments, the silica layers had
created a vast wamen of nanopores, forming a
sponge that soaked up any suface water instant-
Iy, a phenomenon called nanowicking. The =il
ica-polymer mulfilayers they developed will not
fop even if held aver steaming warer. [f the pores
get samurared , warter starts nanning off the edge.
When the wer conditions abate, the water in the
nanowicks slowly evaporares away.

Because glass iself is mostly silica, the mulri-
layers are well suired for application o glass.
The superhydrophilic coatings are not cnly
transparent and antifogging bur are also anrire-
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flective. Rubner's team is working with indu stri-
al partners ro commercialize the discovery.

Applications of this work include bathroom mir-
roaa that never fog and car wind shield s thar nev-
er necd a blower on cold, wer winter mornings.
Unlike citania, Bubner’s sufaces work equally

well in the light or dark.

- .
1 Bppllpe

aMmar
Millione of years before scientists put fogether

the lorus effect and superwettabilicy for techno-
logical applications, a emall beetle of the Mamib

Desert in southem A fnca was busy applying the

owo effecrs to another end: collecting warer for

its own survival.

The Mamib [resert iz extremely inhoapitable.
The daytime remperatires can reach 50 degress
i {abowut 120 degrees Fahrenheir), and rain is
very sca e, Abouat the only source of moisture
15 thick moming fogs, typically doven by a sniff
bresze. The beetle, Stemocara sp., has developed

Antibacterial
and deodoriz-
ing properties
of doped titania
are expected

to have wide
applications in
kitchens and
hathrooms.

[MULTILAYER TECHNOLOGY)
ANTIFOGGING COATINGS

superhydrophilic coating that can
be applied to glass and cther
matenals. The coating surface is
rough &t the nanoscale, but the
hydrooeyl iz sirangly hydrophilic,
which helps nanoscopic pores
throughout the multdayers to
soak up water like 2 spo
instantlywicking it away Fram

Maszachusetts Institute of Tedinology researc hers have developsd multilasersd
supertdrophilic coatings that areantifogging and antireflective,

&lernating lapers ofpolymer

and nanopartickes of sifca i
[which have hydroxcyl groups fo
bound 1o theirsurksos] form & hmmar

the surfac=

A glass slide treated with these multilayers remains dear even when il is chilled in a fridge and
then put in warm, humid air [efi}—conditions that theroughly cloud untreatsd glass £rimhel.
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[BEYDND 5ELF-CLEANING]
SWITCHABLE SURFACES

Wisibla light

By swiltching the lydrophoblchy of precke locathons an a surface, sdentlsts hope to control flulds mosing through networks of
mikroscoplc charmels on so-called mlcrafluldic chips.

The new
science of

superwettability

makes possible
applications
that go well
beyond that of
keeping a
surface clean.
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“ Researchers at Pohang University of Science and Techno
based on azsk=nzene on fop of polymer-silica mulilsyers [see bowon
A& hydrophobic group on the end of the molecule, along with the roughness of the layers, makes
the surface superthydrophobic (i), In ultraviclet light, however, the molecule bends, burying

the hydrophobic group and making the surface superbydrophilic (right). Wisible light promply

restores the original condition.

“ On & trested surface, water dings to the areas made superthydrophiic by squars
speots of ultrawviolet light. Water placed on other regicnes forms the charscbenstic
neary spherical drops of the lotus effect.

in South Korea attached a malkecule
page].

a way to harvest the water in those mists: it
squats with its head down and its back up, fac-
ing the fogey wind. Water condenses on its back
and trickles dorwen into ite mouth. The scientific
rationale behind the Stemocars beerle’s rech-
nique has ingpired ideas for water-collecting
technology in arid regions.

A ao often happens, the bestles mechanizm
was discoverad by a researcher locking for
something else. In 2001 zoologist Andrew B.
Parker, then ar the University of Oxford, came
across a photograph of beetles eating a locustin
the Mamib Desert. The locust, which had been
blrarn there by the region’s strong winds, would
have perished from the heat ag soon as it hit the
gand. Yet the beetlea feasting on this literal
windfall were obwiously comfortable. Parker
glcssed that they must have sophisticated heat-
reflecrion surfaces,

Indesd, Stemocans beetles do reflect heat, but
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when Padker examined their backs, he immedi-
ately miapected that some ad apration of the lotus

effect was at work in their morming water-col-
lection process. Most of the back of a Sfemocara

beetle is a bumpy, waxy, supetydrophobic sur-
face. The topa of the bumps, though, are free of
wax and are hydrophilic. Those hydrophilic

spiots caphure warer from the fog, forming drop-
lete thar quickly grow largs enough for graviey

and the surrounding supe diydrophobic area to

dislodpge them. In lab experiments with glags

alides, Parker found that this arrangement of
regions is abour twice as efficient as a smooth,
uniform surface, regardless of whether it is

hydrophilic or hydrophobic.

Parker has patented a design to imitate the
beetle’s process, and the UK. defense contractor
Crineril) is developing it for fog harvesting in
arid regiona. Others are also trying to mimic
Stemocang. In 2006 Bubner and Cohen's team
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created superhydrophilic spots of silica onsuper-
hydrophobic multilaypers. This is one better than
the beetles, whoss spots are merely hyd rophilic.

The new science of superwertability, a8 exem-
plified by the artificial Stesocarg surfaces,
makes it possible to control liquid floeas at the
microscales and the nancscale, for use in applica-
rions that go well beyond that of keeping a sur-
face cdean. Bubner says: “Onee you realize that
rextured sirfaces can be either supe doyd ropho-
bic or supetrrdrophilic depending on the top’s
surface chemisry, all sorta of possibilities open
up.” OF parmicular use would be switchable sur-
facea—ones whose wettability can be reversed
ar precise locations.

Such tunabilicy might be achieved by many
means ultraviolet light, electricity, temperaturs,
solvent and acidity. In 2006 a team led by Kil-
won Cho of Pohang University of Science and
Technology in South Korea achicved complete
switchability by adding a compoind based on
the molecule azobenzenes to the siliconized
(muperhydrophobic) surface of a silica-polyelec-
trolyte multilayer. The new surface is also super-
hydrophobic, but under wltraviolet light the
azobenzene compound changes configuration
and conwverts it to supethydrophilic [see box on
apposEs pape]-

Vigible light reverses the change. This kind of
control could have major applications in the
field of microfhiidics, such as the microarrays
niorar uiged for dnig screening and other bicchem-
ical tests [see “Big Lab on a Tiny Chip,” by

Charles C}. Chioi; SCIENTIFIC AMERICAHN, Ooto-
ber 2007 ]. For instance, brdrophilic pacthways
could be closed or opened by swritching parts of
them to be hydrophobic or hydrophilic.

Staying Dry Underwater

It is one of the pleasant surprises of the 21 st cen-
niry thar the radiance of the lonis is penetracing
into previously unknown nooks and cranmies,
as well as beyond self-cleaning applicarions.

Barthlot, who saw the potential in a drop of
water on a loms leaf, now sees almost limirless
wigtas. But he wama thoss who wantto translate
from nanare to technology that they are likely to
encounter great skepticiam, as he did. “Do trust
your own eyes and sof the textbooks, and if
your obserration is epeatedly confimmed, pub-
lish it,”™ he adwvises. “But take a deep breath—
expect mejections of your maniscopt.”

Heis, not surpnsingly, a pasionare advocate
for biodiversity, pointing out that many other
plants and animals may have useful propertiese—
possibly inchuding species unknown o science
and indanger of extincrion. His current research
invalves supethyd rophobicity underasater. After
studying how plants such as the water lettuce
Pistig and the floaring fem Salvénda trap air on
their leaf surfaces, Barthlott creared fabrica that
stay dry undereater for four days. An unweita-
ble swimsuit is in prospect. The big prize would
be to reduce the drag on ships® hulls. The lotis
collecta no dirt, bt i is gamenng an impressive
string of patents. [

[COMBINED EFFECTS]
WATER HARVESTING

Researchers irspired by a desert beetle are developing devices that will isea combination of the lohes effect
and supsrbigdrophilicity to harsest water from the alr in remoke, arkd reglors.

The bestle Senocars sp. gathers water from wind-driven moming
fogs in Africa’s Namib Deseriby crouching with its back raised
facing the wind [eft). Hsback is mostly superhydrophobicz thanks 1o
0. 5-millimeter bumps and the microscopic roughness ofits wa
surface (Gelow]. Water droplets form, however, on tiny hydrophiic
arzas at the peaks of the bumps and ral down to the beste’s mouth.
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