Polka-Dot Chemistry and Zebra Stripes

Scientists claim first sighting
of elusive Turing structures in chemical landscapes

By IVAN AMATO

blazing patches. As fast as each patch

burns, new grass miraculously grows
back, only to succumb again to the
flames. Each fiery patch emits a contin-
uous spray of mist to adjacent regions,
protecting those areas from incineration.
The result: a stable patchwork of burning
and protected regions, whose specific
pattern depends both on the fires’
strength and on the direction and rate of
the moisture dispersing from flaming
patches.

“It’s a little weird,” admits Patrick De
Kepper, a physical chemist at Bordeaux
University in France. Yet his botanic
metaphor characterizes the bizarre pat-
terns — called Turing structures — that he
thinks he'’s witnessed in a mixture of
continuously reacting chemicals.

Indeed, the chemical facts appear
stranger than metaphoric fiction. He and
his Bordeaux co-workers have focused
their attentions on carefully controlled
reactions involving chlorite, iodide and
malonic acid. Stripes and dots develop
within clear or sometimes yellow regions
where concentrations of iodide are low;
darker, blue-gray patches form where
concentrations of iodide are high. These
patterns the scientists observed forming
within the reaction systems have per-
sisted —without moving —for as long as 20
hours.

As De Kepper's burning-grass meta-
phor might suggest, this stable, chemical
quilt emerges from a continuous inter-
play between the initial chemical reac-
tants and their own reaction-inhibiting
products, as those products diffuse into
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surrounding areas. In chemical terms,
the blue-gray patches represent ‘“re-
duced” areas — regions populated with
iodide molecules that have gained an
electron; the clear or yellow areas signal
the “oxidized” patches that donated
those electrons.

The brow-wrinkler here stems from an
unmet expectation: that chemicals in a
reaction will eventually disperse uni-
formly throughout a reaction vessel, just
as a drop of red food dye will quickly
disperse evenly throughout a glass of
water, producing a uniformly pink liquid.
The spontaneous emergence of stable
chemical patterns in the Bordeaux exper-
iments is akin to that drop of red dye
breaking into tiny droplets that align
themselves into neat stationary rows and
columns.

Despite the conceptual appeal of Tur-
ing structures to theorists, “there has
been a growing skepticism about their
reality in the physical world,” the Bor-
deaux team writes in the June 11 PHYSICAL
REviEwW LETTERS. De Kepper recalls, for
instance, informally sharing these re-
markable new observations with some

Pinwheel pattern
depicts a spiral arm
rotating within a gel
hosting reactions
of malonic acid,
potassium bromide
and potassium bro-
mate. Scientists
created the image
by superimposing a
spiral arm'’s posi-
tion at 2-minute in-
tervals. Though its
shape remains con-
stant, the arm’s
location changes,
ruling it out as a
Turing pattern.

other scientists, who responded as
though he had claimed to have captured a
unicorn. They had come to assume Turing
structures filled only the minds of theor-
ists and never the glassware of labora-
tories, he says.

Though scientists have hunted these
structures for nearly 40 years, observes
chemist Irving R. Epstein of Brandeis
University in Waltham, Mass., the Bor-
deaux investigators “have what appears
to be the first real instance of a Turing
pattern.” Others, such as physicist Harry
L. Swinney of the University of Texas at
Austin, warn that appearances can de-
ceive, and that some uncertainty lingers.
But even critics agree that De Kepper’s
group has bagged an impressive chemi-
cal trophy, whatever it is.

The first suggestion that reaction and
diffusion processes might lead to stable
chemical patterns surfaced in 1952, when
the late Alan Turing, a British mathemati-
cian, proposed these hypothetical phe-
nomena to explain the genesis of such
biological patterns as a zebra’s stripes.
Though most biologists have all but ig-
nored Turing’s conjecture, Turing struc-
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These inauspicious dots and lines,
resuiting from reactions of malonic acid,
potassium iodide and potassium chlorite
in gels, may represent the first sightings
of Turing patterns — stable chemical
patterns long envisioned by theorists.
Photo at left shows dots spaced at about
0.2 mm in a small gel strip. At right,
similar patterns emerge within a ring-

shaped gel.

tures have intrigued chemical theorists
and have been the object of pursuit of
experimentalists. Yet like the fabled uni-
corn or the Loch Ness Monster, the
imagined structures have remained well
hidden. Until now, De Kepper says.
' structures virtually beyond ex-
perimental reach for more than
three decades. Until the late 1980s, for
example, scientists investigating closely
related chemical systems performed
their experiments in “closed” reactors,
such as beakers or petri dishes. Most of
these researchers studied Belousov-Zha-
botinsky reactions, which oscillate be-

tween stable states — often marked by
different colors — or generate spirals,

echnical obstacles placed Turing

moving wave fronts and other dynamic
spatial and temporal patterns (SN:
7/1/89, p.6). Closed reactors suffice for
transient patterns, which eventually dis-
appear as their chemical ingredients
reach equilibrium and become uniformly
distributed throughout a solution, like
the drops of dye in the water.

To prevent equilibrium, Swinney and
his co-workers developed more complex
open reactors. In these, fresh reactants
continuously diffuse into the reaction
zone, preventing the chemical equilib-
rium that closed systems always develop.
By forcing both the reaction and diffusion
processes to occur within an inert, po-
rous gel such as polyacrylamide, Swin-
ney’s team calmed the convective mixing,
stirring and other pattern-killing move-
ments that plague both open and closed
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reactors.

De Kepper's open reactor consists of an
inert, matchstick-sized gel strip flanked
on each side by a constantly refreshed,
pH-controlled chemical reservoir. One
reservoir contains chlorite, the other
malonic acid. The two contain equal
amounts of iodide. This sets the stage.

After roughly three hours, each reac-
tant’s diffusion across the porous gel’s
3-millimeter width will have established a
steady gradient. The chlorite, iodide and
malonic acid react within the gel, and
equilibrium never occurs because the
researchers constantly replenish the res-
ervoirs with more of the starting reac-
tants. A starch-like molecule laced
throughout the gel signals the develop-
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Continued from p.89

ment of oxidized or reduced regions by
turning yellow or a subtle blue-gray,
respectively.

Initially, a series of yellow and dark
stripes forms within the gel, parallel to
its long dimension. But when the re-
searchers restrict the concentration of
malonic acid to a specific, narrow range,
“the rows give way to lines of dots,” De
Kepper says. These reflect the sponta-
neous emergence of local concentration
differences — like stationary microdrop-
lets of dye — in the gel. The distance
between adjacent dots in a line spans
about 0.2 mm, or about half the width of a
typed period. Other reactors, which dif-
fer only in their size and shape, yield
similar polka-dot patterns.

The two-dimensional arrangement of
dots that De Kepper has observed deve-
loping in his reactors resembles a well-
known crystallographic arrangement
that theorists previously had predicted
might appear in nonequilibrium chemi-
cal systems. The Bordeaux team has
failed so far to document the pattern’s
exact structure in the gel’s thin third
dimension, but De Kepper says he con-
tinues working on it.

To support their claim that these chem-
ical polka dots constitute a genuine Tur-
ing structure, the researchers note that

the lines of dots form spontaneously, and
stay in place once they form. Moreover,
the size of the spots and their positioning
do not depend on the specific dimensions
or geometry of the gel — nor does the gel
have textural regularities that might ex-
plain the phenomenon. Finally, these pat-
terns seem to match what theory predicts
for these conditions.

Still, their case for having observed
Turing structures needs strengthening,
says Swinney, who often collaborates
with De Kepper and has seen related
patterns in his own lab. “I have some
reservations about whether they have
observed Turing structures,” he says. The
Bordeaux researchers haven't actually
witnessed a clear chemically induced
transition from lines — which De Kepper
admits might form from physical proc-
esses at the gel-reservoir borders—to the
dots, which require a more exotic expla-
nation. Without actually observing the
transitions, Swinney cautions, the Bor-
deaux scientists cannot rule out the
possibility that the dots represent some
nonchemical artifact of the experiment’s
design.

“What makes their experiment partic-
ularly interesting, though, is that it comes
the closest to having a pattern emerging
from a uniform concentration of chemi-
cals,” he notes. In June, he traveled to
Bordeaux to help design experimental

tactics for observing the controversial
line-to-dot transitions.

“The whole business of chemical pat-
terns is a very exciting one these days,”
Swinney says. Since about 1987, he and co-
workers have observed temporarily sta-
ble chemical waves traveling around a
ring of gel. Like the blades of a pinwheel
in the wind, the waves change location
but not shape, in this open reactor. But
the pattern’s movement disqualifies itasa
Turing structure. In a series of papers
coming out later this year, Swinney and
his colleagues describe a variety of these
Turing-like patterns in open reactors.

Indeed, De Kepper says, “There’s a
whole new world of chemical structures
awaiting discovery” His finding of appar-
ent Turing structures bolsters Turing’s
original conjecture that such chemical
phenomena may play an organizing role
in biological form and function.

One possible biochemical role, De Kep-
per speculates, might be a chemical
switch to turn genes on and off as an
organism develops from a single cell into
a highly differentiated and organized
community of cells. “This [genetic or-
chestration] might be set by patterns of
chemical concentrations in the cell envi-
ronment,” he adds. But conjectures like
these will remain merely nice ideas, he
notes, until bench scientists sort out a lot
more basic Turing-structure chemistry. (]
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Understanding the Alcoholic’s Mind
The Nature of Craving and How to Control It
By Arnold M. Ludwig

Ludwig has worked with over 1000 alcoholics from all walks of life and within many
different settings — hospital clinics, Alcoholics Anonymous meetings, detoxification
centers and private homes — about one fourth of whom had quit drinking for significant
periods of time. Incorporating the findings of other researchers into his own and including
many clinical vignettes and personal anecdotes, he explores the basic principles necessary
for achieving a successful recovery. Ludwig describes the techniques that can help
individuals to conquer their urges and also to lessen the chances of relapse. Despite the
é‘r}r‘\merlse obstacles they face, many alcoholics do manage to recover. The question is
ow!

In most instances, Arnold Ludwig has found that a lasting recovery can only begin
after certain crucial attitude changes. Regardless of the motivation of alcoholics, powerful
forces lure them back to drink. To remain sober, alcoholics must recognize these forces and
the dangerous frame of mind that fuels them. Then, they must use a variety of techniques
that have been demonstrated to be effective for resisting temptation, particularly during
the early phases of recovery. In time, individuals will need to develop a set of attitudes,
values and behaviors — which the author describes in detail — that perpetuate and
strengthen their sobriety. Being sober is far more than simply not drinking; it is a new way of
life. — from the publisher

“A very helpful book, with a brand new slant on the alcohol problem, a book that people with this

Name problem can really benefit from. It's perhaps the best book on the subject I have read for a long time”
— Donald W Goodwin, M.D., Chairman, Department of Psychiatry, University of Kansas
Address
City “Solid, informative, imaginative, and elegantly written. . . . Extremely interesting and enjoyable to read
State Zi ... highly valuable not only to patients and their families, but also to many physicians and educators.”
p "o 1286 — Harold Kalant, M.D., Professor of Pharmacology, University of Toronto
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