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Abstract

A time-resolved quasi-elastic laser-scattering (QELS) technique was applied to monitor the molecular number
density at a water/nitrobenzene (W/NB) interface of a W-NB-W three phase chemical oscillation system. We
successfully monitored the oscillations of interfacial molecular number density, electric potential, and turbidity
simultaneously by a newly developed chemical oscillation — QELS combination system. We observed for the first
time that monolayer of the surfactants covers the interface almost throughout the oscillation and that the oscillation
occurs simultaneously with a catastrophic disintegration of the monolayer after the increase of molecular number
density. We proposed a new model for the chemical oscillation based on the obtained molecular description. © 1998

Elsevier Science Ltd. All rights reserved.
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1. Introduction

Nonlinear phenomena have attracted much attention
in chemistry since they are fundamentally important in
physicochemical systems such as chemical sensors, bio-
logical membranes, and solvent extractions. Chemical
oscillation systems have been studied extensively as
part of the nonlinear phenomena from a variety of
viewpoints, including physicochemical interests in their
chaotic behavior and as chemical approaches to bio-
logical phenomena [1]. Yoshikawa and Matsubara [2]
were the first to report a chemical oscillation system
made up of three layers. It consisted of a nitrobenzene
layer (NB) separating two aqucous layers, one of
which contained a surfactant and an alcohol (W1), and
the other a saccharide (W2). With this system, it is
possible to observe a sustained and spontaneous oscil-
lation of the electric potential difference between the
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two aqueous layers. The oscillation has spike-shaped
patterns, which resemble those observed in biomem-
branes such as neuron systems. It is desirable to clarify
the mechanism of the oscillation at a molecular level
because this would provide great insight into excit-
ability in biological systems and facilitate the design of
new oscillation systems suitable for biomimetic sen-
5018,

A variety of studies have been carried out to eluci-
date the mechanism of the chemical oscillation. As
mentioned above, the clectrical potential oscillation
has been first observed for the system: Pt electrode/
WI/NB/W2/(Ag/AgCl electrode). It is natural to think
that the phenomena at the electrode/liquid interfaces
are not essential for the electrical oscillation because
such oscillations have not been observed for electrode/
liquid interfaces. Thus a number of studies have been
performed to clarify the dynamic behavior of the
liquid/liquid interfaces. The oscillation patterns of elec-
tric potential and pH have been examined with various
chemical species in the liquid phases [3,4], and the ion
transfer potential has been determined using voltam-
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metric techniques [5]. Two types of oscillation models
have been proposed so far. Yoshikawa and
Matsubara [2] proposed that the dominant factor for

the eclectric potential oscillation was the behavior of

surfactant cations at one of the interfaces in the sys-
tem, and that changes. like spike patterns, were at-
tributable to the disappearance of an interfacial
monolayer. On the other hand, Maeda et al. [5]
reported that the oscillation amplitude corresponded
to the difference of the ion transfer potential,
suggesting the dominant factor was molecular transfer
across the interface. Although no explanation for the
chemical oscillation systems has been established so
far, there is no doubt that molecular behavior at the
liquid/liquid interface plays an important role in the
chemical oscillations. Therefore, in order to clucidate
their mechanism. monitoring of the solute molecules at
the interface is highly desirable.

We have reported an application of a quasi-elastic
laser scattering (QELS) method to monitoring the
interfacial molecular number density of lipid and sur-
factant systems [6-9]. The interfacial molecular number
density can be monitored as a function of capillary
wave frequency by using the QELS, because this fre-
quency is a function of interfacial tension. which
depends on molecular number density at the interface.
Since the QELS technique does not require any mech-
anical probe be inserted into the interface and it does
not give any chemical and mechanical disturbances, it
should be one of the most suitable ways to probe the
molecular behavior at the interface of the chemical os-
cillation in situ.

The QELS has been mainly used to measure liquid/
gas interfaces and has been scarcely applied to liquid/
liquid interfaces. Furthermore, most of the previous
studies using the QELS have been performed on static
systems [10.11]. In order to apply the QELS to the
monitoring of the molecular behavior at chemically

oscillating liquid/liquid interfaces, time required for

data acquisition has to be shortened, unlike when ob-
serving static systems. Owing to our developments in
the optical equipment and the electronic signal proces-
sing, we are able to obtain a QELS spectrum with a |
s data acquisition time. In this paper, we present the
results of coincident measurements of the QELS, the
clectric potential, and the turbidity in the water—nitro-
benzene—water (W-NB-W) chemical oscillation sys-
tem. Since the behavior of the surfactants has been
reported  to  play an important role in the
oscillation [12], we focus on the molecular behavior at
the W1/NB interface and propose a model for molecu-
lar behavior at the interface based on the experimental
results.

2. Experimental

The newly developed QELS system for coincident
measurements is shown in Fig. 1. Since experimental
details of the QELS equipment were described in our
previous reports [6-9], only a briel outline follows
here. A beam from a He-Ne laser passes through a
liquid/liquid interface, at which the beam is quasi-elas-
tically scattered by the interfacial capillary waves. The
scattered light is accompanied by a Doppler shift, and
the frequency shift is the same as the capillary wave
Irequency. The frequency shift is measured using an
optical heterodyne technique. The incident beam is
divided in front of the cell using a diffraction grating,
and one of the diffracted beams is mixed with the scat-
tered light to generate an optical beat. The optical beat
is detected by a photodiode and the beat frequency is
recorded by a digital spectrum analyzer to obtain a
power spectrum. The peak position of the power spec-
trum is the same as the beat frequency, i.e. the capil-
lary wave frequency.

In order to achieve coincident measurements of the
QELS and electric potential. the QELS equipment was
optimized regarding several points. The measurements
were performed in the transmission configuration,
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Fig. 1. Schematic illustration of the setup lor the chemical os-
cillation system including the optical path of the QELS exper-
iment.






