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Outline

* The BZ-AOT System (Coupling
of Nanodroplets)

* Properties of the BZ reaction,
AQOT and microemulsions

* Experimental results
 Model and simulations

 Future Work
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Belousov- Zhabotinsky
(BZ) Reaction

e Discovered (accidentally) and

developed 1n the Soviet Union 1n the
1950°s and 60°s

* Bromate + metal ion (e.g., Ce>) +
organic (€.g., malonic acid) in 1M
H,SO,

* Prototype system for nonlinear
chemical dynamics — gives temporal
oscillation, spatial pattern formation

« Zhabotinsky at Brandeis since 1990.
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Target Patterns 1n the
BZ Reaction
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AQOT reverse micelles or
water-in-oil microemulsion

MA =
malonic acid

Rw = radius of
water core

R4 =radius of
a droplet,

R, o= [H,0]

[AOT]

RW = 0.17w

Ry=3-4nm

¢4 = volume
fraction of

dispersed
phase
Aerosol-OT | (water plus
(sodium bis(2-ethylhexyl) sulfosuccinate) X surfactant)

Oil = CH,(CH,),CH,4

Initial reactants of the BZ
reaction reside in the water
core of a micelle
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Diffusion Coefficients

L. J. Schwartz et al., Langmuir 15, 5461 (1999)
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Distribution of X Over
Three Phases

X = Br, or BrO," (Br,0,)

QX T OgXy T PpiX3 = Py X

- (PW+(PS+(POﬂ:1;
(PW+(PSE(Pd

Og = C4P,,, Where cy=2 for
[H,0)/[AOT] = 15
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Key properties of
BZ-AQOT system

 Size and spacing of droplets can be
“tuned” by varying water:AOT and
water:octane ratios, respectively

* BZ chemistry occurs within water
droplets

* Non-polar species (Br,, BrO,) can
diffuse through o1l phase

 Diffusion of molecules and droplets
occurs at very different rates

« Dominant nonpolar species depends
on droplet fraction
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BZ-AOT PATTERNS
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Preparation of the BZ

reaction
in water-in-oil
microemulsions.
AQOT 1n octane AQOT 1n octane

Aque.ous dry Aqueous dry
solution —micelles Solution — micelles
ot BZ of BZ
reactants reactants
(H,SO, + (ferroin +
MA) bromate)
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] £

ME 1 e 2
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EXPERIMENTAL
SETUP

A small volume of the reactive BZ-
AOT mixture 1s sandwiched between
two flat optical windows 50 mm in
diameter. The gap between the
windows is determined by the
thickness /# (= 0.1 mm) of an annular
Teflon gasket with inner and outer
diameters of 20 mm and 47 mm,
respectively. The gasket serves as the
lateral boundary of the thin layer of
microemulsion and prevents oil

from evaporating.
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Turing structures

Frozen waves
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Anti-spiral

Vanag & Epstein, Science 294, 835 (2001)
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Accelerating Waves

Vanag & Epstein, PRL 87, 228301 (2001)
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Two Kinds of Droplets
in Fresh BZ-AOT
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Distribution of radi1 of water nanodroplets. Curves
1 and 2 were obtained in light-scattering
experiments for fresh and one day old

microemulsions respectively, loaded with H,SO,
(0.4 M) and MA (0.6 M).
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Dash Waves 1n Fresh
Microemulsions

Vanag and Epstein, Phys. Rev. Lett. 90, 098301 (2003).
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Segmented Spirals

Vanag & Epstein, PNAS 100, 14635 (2003)

July, 2005 ICTP, Trieste 18



[Localized Structures

V.K. Vanag & I.R. Epstein, Phys. Rev. Lett. 92, 128301 (2004).
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BZ-AOT-Span

BZ : bathoferroin-
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Some crude estimates

* Droplet diameter = 10 nm

. V= (43)(d/2)} = 5 x 1025 M3
=5x10%L

* 1 zeptoliter = 102! L
¢ 1 M=6x 10* molecules/L

 In each droplet, average number
of molecules 1s:

300 at 1 M concentration

0.3 at 1 mM concentration
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“Molecular” Model

Y - X k, X = HBrO,

Y+X >0 : k Y =Br-

X =>2X+ ZZE ky Z = ferriin

X — 0 Pk, ressn———

Z —hY ke : Oregonator :

Frasgprasaggeasanannd K, S=Br,0, (or BrO,)

in the oil phase

S —> X ki, HBrO, + HBrO; —
2 BrO,* + H,0

Z—>W kq W 1s Br, in surfactant,
AOT

W —->U kg U 1s Br, in the oil phase

U->W Ko

W7 ki
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Packet waves

Ox/0T= (x - X2 - fz(x - q)/(x + q)
- P +s) e+ D Ax
0z/0T=Xx-z+ y—oz+DAz
Os/0t= (fx —s + yu) g + D As
oulot=(az - )/ &, + D Au

Vanag & Epstein, PRL 88, 088303 (2002)
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Wave Packets. 1D
Simulation
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Propagation of large
amplitude wave
packet. Numbers
above wave packets
indicate time. A is the
characteristic
wavelength of wave
instability.
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Segmented Spiral
Simulation
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Results of Modeling

« Simple model qualitatively
reproduces most phenomena
and bifurcation diagram.

* Linear stability analysis is a
useful tool (within limits).

« Wave bifurcation leads to
complex patterns.

* Negative dw/dk at k, gives
inward moving waves
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[Localized Structures
(again)
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[Localized Structures

CHACS

May Be Useful

VOLUME 14 NUMBEK | HARCH 204

A new approach to data storage using localized structures
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[.ocalized Structures

Initial perturbation determines the behavior of
localized peak in the double subcritical region.

10 "

SS, steady state
(assigned
ordinate value 0);
1T 1T, single

1 10 TH] stationary Turing
peak (value 1);

10, single oscillon
SS (value 2). Ais the

O,I T T T T H'I'.-r characteristic

wavelength of

0 02 04 06 Turing instability
[ A
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Interaction of Localized
Peaks

Initial perturbation:
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Two identical tooth-like
initial perturbations are
separated by a gap of length
g. +, SS; O, oscillon with two
synchronously oscillating
peaks; O, stationary Turing
pattern with two peaks; W,
oscillon with three
synchronously oscillating
peaks; A, pattern with three
peaks, the middle one
oscillating and the outer
ones stationary (T+O+T); x,
single oscillon; =, single
stationary peak; ¢, oscillon
with two peaks oscillating
anti-phase; *, two
independent Turing or
oscillatory peaks.
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Open questions and
future work

* Smaller-scale structure

» Localized structures

* Microscale — statistical aspects
* Making materials

» Mixed surfactants

* Analogy to nonchemical
systems
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Conclusions

* The BZ-AOT system 1s a rich
medium for generating novel
pattern formation phenomena.

* The existence of two quite
different time scales for
diffusion plays a key role.

 The behavior can be modeled
qualitatively with simple
models for the BZ chemistry
and for interfacial transfer and

rapid diffusion in the o1l phase.

July, 2005 ICTP, Trieste

33



