1354

J. Phys. Chem. B007,111,1354-1360

Nonlinear Response of a Batch BZ Oscillator to the Addition of the Anionic Surfactant
Sodium Dodecyl Sulfate

Introduction

Nonlinear Behavior. The biological systems are one of the
most evident manifestations of self-organization phenomena that.
can be present in a system far from the equilibrium when it is
governed by mechanisms whose equations imply nonlinear
terms. Their complex biochemistry is subject to a multitude of
such phenomena on both temporal and spatial scale, such a
chemical oscillations, waves of concentration, or chaos. The
phenomena seem to be determining in the regulation and signal
transmission within all the biological systems, from the simple
unicellular systems to the human. In this context, the compart-
mentalization due to the presence of several membranes
(cellular, nuclear, etc.) plays a relevant role. In fact, the
biological membranes not only represent the physical border
of the cells but are the centers of important processes, i.e.
biosynthesis, energy trasduction, transmission of the genetic
information, etc. The majority of the processes that occur in
the membranes is characterized by very complex mechanism
of reaction, which nowadays are not very well elucidated. In
order to bypass the difficulties present in the study of the
complex dynamics in the biological systems, it is possible to
employ a model system that even though exhibits a wide number
of nonlinear phenomena turns out to be simpler to study. Among
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The response of the Belouse¥Zhabotinsy (BZ) system to the addition of increasing amounts of the anionic
surfactant sodium dodecyl sulfate (SDS) was monitored at Z5.i@ stirred batch conditions. The presence

of SDS in the reaction mixture influences the oscillatory parameters, i.e., induction period and oscillation
period, to an extent that depends on the surfactant concentration. The experimental results have shown that
the induction period increases slightly on increasing surfactant concentration and, then, a further increase in
the [SDS] leads to an enhancement while the oscillation period increases monotonously on increasing SDS
concentration. It has been proposed that the response of the oscillatory BZ system to the addition of SDS is
due to the peculiar capability of the organized surfactant assemblies to affect the reactivity by selectively
sequestering some key reacting species. Indeed, explanations of the experimental results have been given on
the basis of the role played by the micellar shape, which in turn dictates the hydrophobic nature. The suggested
perturbation effects have been supported by performing viscosity measurements on the aqueous SDS solutions
and by the spectrophotometric estimation of the binding constant of the bromine species to the micellar
aggregates. This study has indirectly corroborated the existence of two kind of micelles and unambiguously
revealed that the bromine species show a different affinity toward the spherical and rod-like micelles.

electron redox couple, usually the system Ce(IV)/Ce(lll) or
Ferroin/Ferriin). Over the past decades, the numerous studies
concerning the dynamical behavior of the BZ reaction have
indicated a continuing interest in this system. Several models
have been proposédand among them, the latest, Marbotrg
BudapestMissuola (MBM), is oné of the most reliable. The
gonsiderable interest is justified if we consider that the reaction
mechanism is far to be completely elucidated and also the
|observed behavior is extremely sensitive to the experimental
conditions applied. In addition, peculiar features have been
detecte8 12 by performing the BZ reaction in aggregated
systems. It is worth remembering that in the BZ reaction there
are several species, and among them radicals, the concentration
of which (very low) oscillates with time. These peculiar species
can be properly exploited to initiate radical polymerization
'reactiont3-14

Surfactants. Some of the difficulties related to the use of
Jiological membranes can be bypassed by employing aggregated
systems based on surfactatfts.e., micelles, vesicle, and
microemulsions. Surfactant molecules consist of a hydrophilic
head which can be anionic, cationic, zwitterionic, or non-ionic
and a hydrophobic tail which is usually linear or branched, with
or without unsaturations. This dual nature is the origin of the

the model systems that have attracted the attention of research_Qapabi”ty of the molecule of self-organizing in aqueous solvents

ers, the oscillating reaction of Belouse¥habotinsky (BZ) is
one of the most extensively studi&d. In fact, the first study
was undertaken in order to mimic the Krebs cycle. In its
“classic” version, the BZ reaction consists of the bromuration
and oxidation of an organic substrate (the malonic acid) in
strongly acidic medium, in the presence of a catalyst (one

in thermodynamically stable aggregates called “micelles.” The
surfactant concentration at which the reversible association of
a certain number of monomers leads to aggregates (micelles)
is the “critical micellar concentration” (cmc). For ionic surfac-
tants, in agueous solution the cmc value is strongly depetdent
on the presence of added electrolytes, and in particular, it
decreases on increasing electrolyte concentration. The presence
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spherical shape while as the micelles grew in size with added The findings of this work allow for a broad insight into the
electrolyte, packing considerations would force the aggregatesdriving forces that lead to the intriguing dynamical behavior of
to take a more elongated rod shape, whose interior possesses ascillating BZ reaction in the presence of aggregated system
more hydrophobic nature. In addition, both the shape and sizeand, indeed, evidence the role played by the micellar shape.
of the micelles may vary on increasing surfactant concentration.

In fact, analogous to the effect induced by electroltéhe Experimental Methods

increase in the surfactant concentration forces the spherical . . . .
P Materials. Ce(SQ)»4H,0, malonic acid (MA), sodium

aggregates to undergo to a sphere-to-rod transition. . : . . .
99 g . 9 . P ) o bromate, sodium bromide, sodium sulfate, and sulfuric acid were
A micelle is characterized by three preferential solubilization of commercial analytical quality (Fluka) and were used without

sites® the hydrophobic core, the palisade layer, with the polar ¢ her purification. Sodium dodecy! sulfate (SDS) obtained
portion in contact with the micellar surface and the hydrophobic ¢.0 Fluka was purified by recrystalization from ethanol.

porti_on directed toward the core, and the hydrpphilic shell Thus, Stock solutions of all chemicals used were prepared by weight
sparingly W"?‘tef'_so'“b'e additives are hosteql in the hydrophobic before use. Deionized water from reverse osmosis (Elga, model
core, amphlphlllc molecules p_refer the pall_sade layer and are Option 3), having a resistivity higher than 1Mm, was used
oriented W.'th the polar part in conta_ct W.'th water and t_he to prepare all solutions. Stock solutions of sulfuric acid were
hydrophobic part toward the core, while highly polar species : ; N

. ; - : e standardized by acigbase titration.

Interact .W'th 'the hydrophilic shell. The chemical reactivity (.)f Potentiometric Measurements The oscillating mixtures for
the additive is markedly dependent on the solubilization site. the kinetic runs were prepared by mixing freshly prepared

For instance, the rate of a blmolecula_r chemical reaé*h&_n_ _aqueous stock solutions of NaBjOSDS (at the desired
enhanced when both reactants are sharing the same SOIUb'l'zat'o'aoncentration) with Ce(1V) in 1.80 mol dn sulfuric acid, and

sites, while it is inhibited when they are confined in different MA in 1.80 mol dnt? sulfuric acid. Appropriate aliquots of

ones. _ _ _ the stock solutions were mixed in a 100 mL double walled glass
On the basis of the peculiar features above-described, thereactor in order to obtain the following initial concentrations

aggregated systems are very able to act as model systemsgf reactants: [MA]= 0.10 motdm3, [NaBrOs] = 7.50102

because they not only possess numerous structural characteristiGg,gl.gm-3, [Ce(1V)] = 6.321073 mol-dm3, [H,SOy] = 0.90

of the membranes but above all have the advantage of beingmol.dm-3, while the surfactant concentration was varied in the

thermodynamically stable and easily reproducible. Therefore, range 1.0-103—1.0 -10-2 mol dnT3. In all experiments the

they can be used to study a great variety of problems related to|55t reagent added was the Ce(IV).

biological system, even because it _is easer _to exploit various  The dynamics of the BZ system was followed under constant
techniques in solution than at the biological interfaces. stirred batch condition by monitoring the redox potential of the
Surfactants in Nonlinear Chemistry. While quite a large  solution as a function of time by means of home made platinum
amount of work dealing with the determination of the physi- electrode in combination with a Hg/Hg$@nd 0.9 mol dm?3
cochemical properties of surfactant aggregates has been dones,SQ, reference electrode. The electrical contact between the
there exist a scant number of systematic studies on the behaviokolution and reference electrode was established by means of a
of oscillating chemical reactions in the presence of organized very small hole in the glass of the reference electrode, which
system$ 12 It is worth remembering that a systematic kinetic has the function of the salt bridge. Diffusion of the solution
study in the presence of aggregated systems offers the advantag@as negligible, and no significant amount of mercury passed
of providing important information not only on both reactivity in the solution. This was verified by comparing oscillation
and reaction mechanisms in these media but also on theparameters obtained with the potentiometric measurements and
solubilization and location of the solute in the micellar structure. those obtained under the same experimental conditions following
This way, by studying the behavior of the oscillating BZ systems  cerium(IV) absorbance spectrophometrically. A Hewlett-Packard
in the presence of micelles, valuable information to elucidate multimeter connected to a computer was used to collect the data.
the reaction mechanism and the nonlinear phenomena can beénduction period (IP) was measured as the time between start
obtained. of the reaction and start of the first oscillation. Oscillation period
Bearing in mind this information and aiming to obtain insights (r) was calculated as the time between two subsequent maxima
into the role played by an anionic surfactant in influencing the in the oscillation. Inhibitory and autocatalytic phasgg and
dynamical behavior of the BZ mixture, we have undertaken a Taw respectively, were calculated as the time between a
systematic study on the response of the system, in stirred batchminimum and a subsequent maximum and a maximum and a
conditions, to the addition of increasing amount of the anionic subsequent minimum, respectively. All these values were
surfactant sodium dodecylsulfate (SDS). This surfactant was calculated as the mean of five oscillation cycles. All the
chosen for two main reasons: it does not react with the oscillatory parameters values reported in this work are the mean
components of the BZ systems and is able to form micElles of five different experiments; moreover, the oscillation period
which undergo to shape transitions depending on the experi-and its components represent the means of the first five
mental conditions used for the dynamical experiments. The SDSoscillatory cycles.
perturbation effects have been proposed on the basis of the Surface Tension and Viscosity MeasurementsBoth the
nonlinear response of the BZ reaction upon addition of the surface tension and the viscosity of surfactant aqueous solution
anionic surfactant. Moreover, we have performed tensiometric were determined in the absence and presence of 0.9 mol dm
measurements to estimate the critical micelle concentration of HSO and 7.501072 mol-dm~2 NaBrQCs.
the surfactant under the same experimental conditions used for The surface tension measurements were carried out by means
the dynamical experiments. Support for the explanation of the of a KSV-Sigma 70 automatic tensiometer by using the
peculiar BZ response has been provided by the spectrophoto-Whilelmy plate method. The critical micelle concentrations
metric determination of the binding constant of the bromine to (cmc) of the SDS in aqueous solution was estimated as the
the SDS micellar aggregates and by viscosity measurements orintersection point of the two linear plots, above and below the
the aqueous SDS solutions. cmc, of the surface tension versus log of surfactant concentra-
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tion. Either in the absence or in the presence of acidic bromate, 0.75
the surface tension versus log [SDS] plots do not show a 070_‘
minimum value. This clearly indicates that the surfactant does T a
not contain impurities. The obtained cmc values of the SDS in 0.65
the absence and in the presence of added electrolytes are ]
7.9103 mol dnm3 and 3.2-10°5 mol dm 3, respectively. It 0604
has to be highlighted that the cmc value obtained in aqueous 0.55
solution is in good accordance with that reported in the i
literaturel® while that in the presence of electrolytes is about 2 0.50 +
orders of magnitude lower. The lower cmc value can be 0.45 .
attributed to the very high value of the ionic strength. In fact, T
it is well establishel that the presence of ionic additives 0.40 -
strongly influence the micellization process leading to a lower > +
cmc value. 8 060+
The relative viscosityif;) of the aqueous surfactant solutions . b
was calculated from the well-know relationshjp = n/n, = 0.55
(t/to)(p/po). The solution flowing time (t) was measured with a ]
Ostwald viscosimeter calibrated by measuring the viscosily ( 0.50 -
and density 4,) of the solvent and its draining timéy). '
Moreover, the density of the aqueous surfactant solutions ( 1
was measured. The density of the solvent and aqueous surfactant ~ %4° 7
solutions was measured at 25.080 0.001 °C by using a ]
vibrating tube flow densimeter (Model 03D, Sodev Inc.) 0.40 +
sensitive to 3 ppm. The temperature was maintained constant .
within 0.001°C by using a closed loop temperature controller oss L — - - - -
(Model CT-L, Sodev Inc.). The calibration of the densimeter 100 200 300 400 500 800 700
was made using a procedure reported in the literdfure. timels

Spectrophotometric Measurements.The UV—vis spectra Figure 1. Potential of a Pt elctrode in the course of the BZ reaction

of the Ce(IV) acidic agueous solutions in the absence and (a)in the absence of surfactant and (b) in the presence 0.008 mdl dm
presence of the SDS were monitored with a computer-controlled of SDS. [MA], = 0.1 mol dm3; [BrOs]o = 7.50102 mol dm3;

Beckman spectrophotometer model DU-640, equipped with ther- [Ce(IV)]o = 6.321073 mol dnm3; [H,SQy]o = 0.90 mol dnt?; t = 25.0
mostated compartments for cuvettes. Quartz UV grade spectro-"C-
photometer cuvettes having a path length of 0.1 cm were used.

To verify that Ce(lV) species do not react with the SDS, we
monitored the UV-visible spectra of the Ce(lV) acidic aqueous
solution as a function of both the surfactant concentration and
the time. It was found that, in all cases examined, the spectra
do not show any significant change with respect to that obtained
in aqueous acidic solution withi2 h observation.

The UV—vis spectra of the bromirebromide acidic aqueous
solutions in the absence and presence of the SDS wer
monitored as a function of time with an Analytic Jena S600  Figure la shows the potentiometric time series of the BZ
diode-array spectrophotometer. Quartz UV grade spectropho-system under stirred batch condition in the absence of the
tometer cuvettes having a path length of 0.2 cm were used. All anionic surfactant SDS. Perusal of this Figure shows that the
solutions contained 0.9 mol dfiH,SO, and 2.510°2 mol-dm 3 potential of the solution monotonically decreases and then, after
Na,SQy. The latter salt was used to keep the same ionic strengththe so-called induction period (IP), the system begins to oscillate
like in the BZ experiments, since the NaBy@ould not be  with an oscillation period#) which is composed by two parts,
applied here because it would react with the excess bromide.i.e., the time corresponding to the inhibitory and autocatalytic

It was found that preparing the bromine-bromide acidic phasezinn andray, respectively. Addition of the anionic micelle-
aqueous solutions by adding the bromine solutions to the forming surfactant does not alter the qualitative profile of the
bromide one led to loss of bromine due to volatilization. Thus, solution potential as a function of time but influences the
we opted for the in situ preparation of bromine according to oscillatory parameters with exception of the amplitude, In fact,
reactions R+ R3 (we follow the notations of the MBM model),  for all SDS concentration applied, the amplitude of the oscil-

measurements were carried out in the presence of 466G
and 1.0-1072 mol dn3 SDS.

All equipment was interfaced to a computer for both data
collection and analysis and the temperature of the experiments
was regulated to 25.¢ 0.1 °C with a thermostat Heto model
DT HetoTerm.

eResults and Discussions

whose sum gives: lations as a function of surfactant was found to be independent
of the [SDS]. A typical plot is shown in Figure 1b. In particular,
BrO,” + 5Br~ + 6H" — 3Br, + 3H,0 as it can be seen in Figure 2, the induction period slightly

increases on increasing surfactant concentration, and then an
Consequently, aqueous acidic solutions of known stoichiometric augmentation can be noticed while the oscillation period always
concentration in bromine and bromate ion were prepared by increases on increasing [SDS] (see Figure 3a). Different trends
mixing in a manual Hi-Tech stopped-flow apparatus the aqueous can be observed for botf, andzayas a function of surfactant
acidic solutions of sodium bromate and bromide. The stopped- concentration (Figure 3b,c). In fact, analogous to the IP trend,
flow was directly connected to the quartz cuvette through a black the presence of SDS first slightly increases the inhibitory phase
tube. The bromate concentration was kept constant aflp.¢ and then an increase can be detected, while influences to a less
mol dm3, while that of the bromide was always in excess and extent the autocatalytic phase since only an initial increase can
varied in the range 1.40103—2.251072 mol dm3. The be noticed and then they: values are almost constant. It is
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particular, we can reasonably assume that hydrophobic com-
pounds, such as bromomalonic acid or bromine, are confined
into either the palisade layer or the core of the micellar aggregate
while the malonic acid is located in the aqueous pseudo-phase.
Evidence on the organophilic and hydrophilic nature of the bro-
momalonic and malonic acid, respectively, has been rec@ntly
provided. In addition, the lack of partition of the malonic acid
into non-ionic micellar aggregates has also been previdusly
demonstrated.

Thus, bearing in mind all these considerations, the rate of
the reaction R30 has to be inhibited by the presence of SDS
micelles to an extent that depends on the surfactant concentra-
tion:

MA(enol) + Br,— BrMA + Br + H"  (R30)
As the inhibition makes reaction R30 slower, it will require a
longer time to accumulate a critical amount of BrMA which is
able to “turn off” the autocatalytic reaction. Moreover, we have
also to consider not only that the SDS micelles exert a rate-
retarding effect on the bromomalonic acid formation but also
that once the BrMA is formed they are able to incorporate it
into the hydrophobic micellar interior, most likely in the palisade
layer. This way to reach the higher [BrM&]r requires even
more time; i.e., the induction period becomes longer. Evidence
of the solubilization of bromine species into aggregated systems
has been previousty reported for other reactions.

These justifications are also supported by the trends of the
other oscillatory parameters; in fact, in the presence of SDS,
the BZ system is forced to oscillate with a longer oscillation
period since, for the same reasons, the autocatalytic phase
requires a longer time to be turned on. However, at this stage
we have provided explanations for the observed findings in the
oscillatory parameters over the whole surfactant concentration
investigated but we have not discussed that the trends evidence
two regions of behavior. Thus, an additional discussion is
needed. It is reasonable to propose that under our experimental
conditions the SDS forms two different types of aggregated
systems. One possibility is that, at low surfactant concentration,
the micellar aggregates assume a spherical shape while on
increasing surfactant concentration they become more elongate,
i.e., rod-like micelles. As it is well-know#,™ spherical micelles
are less hydrophobic in nature than the rod-like ones, so the
solubilization capability of the latter ones toward the bromine
and bromomalonic acid is higher. As a consequence, the rod-
like SDS micelles are much more effective in influencing the
oscillatory parameters. The shape transition of the SDS micelles

worth saying that the surfactant concentration at which there is induced by either high electrolyte concentration or augmentation

a discontinuity point coincides in all trends of the oscillatory of surfactant concentration are very well documented in the

parameters and it is well above the cmc of the SDS obtained in literature®

the present work (see the experimental section). We can highlight that the presence of SDS micelles in the
Analogous effects on the oscillation period were previoldsly BZ mixture plays a relevant role; i.e., the organized surfactant

obtained for a modified BZ system, while the induction period assemblies affect the reactivity by selectively sequestering the

was found to be independent of the SDS concentration. The reacting species, and the influence extent depends on the shape

differences with our system are due to the diverse experimentalof the micelles.

conditions used and above all to the nature of the catalyst used, Therefore, to corroborate our explanations on the perturbation

i.e., a ruthenium(lll) complex instead of cerium(IV). effects, we have performed systematic viscosimetric and spec-
The dynamic response of the oscillatory BZ system to the trophotometric studies, whose results will be discussed in the

addition of SDS can be explained by taking into account the following subsections.

influence of the anionic micellar aggregates on some key steps Viscosimetric Data. To prove that, under the experimental

of the mechanism of the BZ reaction. In fact, the peculiar feature conditions used in the present work, two kinds of micelles

of the micelles implying three different solubilization sites, having different shapes exist, we have performed a systematic

namely, the hydrophilic head groups, the palisade layer, andviscosimetric study.

the interior hydrophobic core, allows for selective interactions  The viscosity of the aqueous SDS solutions in the presence

between the aggregated system and some crucial species. Iof 7.501072 mol dn3 NaBrO; and 0.9 mol dm?® H,SO, was
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: ; : ; ; Figure 5. Results obtained for reaction (E1) plotted according to eq
Figure 4. Relative viscosity#,) as a function of surfactant concentra- - y = .
tion of aqueous SDS surfactant solutions in the abse@ar(d in the 2. [Brjo = 6.0:10"* mol dnr%; 2.0-10 < [BrJo < 2.0-10°° mol dn%;

f0.07 I 3 NaB . | dmé H [H2SOy]o = 0.90 mol dnT3; [Na;SOy)o =2.51072 mol dm3; t = 25.0
ifezsse.gcogc.()) 0 0.075 mol dm NaBr0, and 0.9 mol dm* H,SQ t °C. (®) Experimental data and) curve calculated by a linear least-

square fit of eq 2.

measured as a function of surfactant concentration, and fordetermine the binding constarky) of the bromine to SDS

comparison the measurements were been carried out in themicelles under the experimental conditions used for the dynami-
absence of added electrolytes. The complete course of theCal experiments:

relative viscosity ) as a function of surfactant concentration
is illustrated in Figure 4. In both cases two linear regions of
behavior can be detected even though some significant differ-

ences have to be discussed. In particular, in the absence of addeﬁihe rocedure emploved necessitate of the determination of the
electrolytes they, trend shows the classical behavior; i.e., at P ploy

. i . . ilibrium constant (K) for reaction E1 under our experimental
low surfactant concentration, the relative viscosity values are equilibrium constant (K) for reactio under our experimenta

Br, + Br ==Br; (E1)

almost constant and then after a discontinuity point increase.cond't'ons'

These trends are indicative of micelle formation, and the break Br.-

point can be taken as the critical micelle concentration. The K= [Brs ] (1)
cmc value obtained in the present work in the absence of added [Br,][Br]

electrolytes is in good agreement with that previotfshptained

and is very close to the value tenSiometrica”y obtained in the To further prove that two kinds of aggregated systems so far
present work (see the experimental section). In the presence ofexist, i.e., spherical and rod-like micelles, and to get evidence
acidic bromate, the trends differ to some extent. In fact, at low for the different solubilization capability of the two types of
SDS concentration, the values slightly increases on increasing  aggregated systems, we have performed the spectrophotometric
surfactant concentration and then after the inflection point, a measurements at two SDS concentrations. In particular, we have
further augmentation of the [SDS] leads to an increase in the chosen one concentration below and the other above the
relative viscosity values. It is worth saying that the surfactant transition concentration.

concentration at which the trend shows the discontinuity point Absorbance Data in the Absence of SurfactantThe Uv—
coincides with that obtained in the IP trend. ThUS, taklng into Vis Spectra of the ar Species in aqueous acidic solutions over
account that the presence of electrolytes strongly influences botha wide bromide concentration range, obtained as described in
the micellization process and the shape of the aggregated systemhe experimental section, were monitored as a function of time.
we can ascribe the observed trends to the formation of two |t was found that, for each solution, the equilibrium absorbance
different types of aggregated systems. According to the tensio-yalues depend on the bromide concentration and, in particular,
metric measurements, the cmc value under these experimentajncreases on increasing bromide concentration. These values
conditions is almost 2 orders of magnitude lower than the value were used to calculate tHé value according to eq 2, previ-
obtained in the absence of additives. As a consequence, it iSous]yZZ used for an ana|ogous system. S|m||ar|y, for our system
reasonable to rule out that the break point corresponds to thewe can assume that if activity coefficients are disregarded, the
cmce of the surfactant and assume that most likely up to a measurement of the maximum absorbance as a function of
surfactant concentration corresponding to the inflection point hromide concentration allows us for the evaluation of the

the SDS fo.rms onIy spherical micelles, while at hlgher surfactant equi”brium constant of reaction E1 through the use of the
concentration these micelles undergo to a more elongated shapesq 2:

This transition implies the formation of the more hydrophobic

aggregated system which interacts to a larger extent with the y _ Kz —y) @
reacting substrates and, in turn, reflects the observed effects on a(l-vy) Y.

the oscillatory parameters.

Spectrophotometric Data. The spectrophotometric method wherea is the formal (analytical) concentration of bromine,
based on the analysis of the alterations provoked by the presence= [Brs7]/a, z = [Br7}/a, ([Br7] is the formal analytical
of surfactant upon the reversible reaction (E1) between the concentration of bromide), and is the equilibrium constant,
bromine and bromide to give tribromide ions was employed to as defined above.
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SCHEME 1 1.0
K 1
BI‘2W + BT'W Br.}w
0.8
K, //

Bryy . 06 //

3
The value ofy has been obtained as the ratio between the % /

absorbance at 270 nm measured in the solution at the bromine= %]

and bromide concentrations considered, and that corresponding
to a solution in which the bromine is completely converted into
tribromide ion by addition of an excess of bromide, for the latter
purpose the molar extinction coefficient reported in the litera-
ture?® has been used. 00

The calculated values according to each terms of eq 2 are ' 02 ' 04 ' 06 ' 08
reported in Figure 5. The linear least-squares analysis of these 4
data according to eq 2 enabled us to determine the equilibrium @)
constant, whose value is 1546 0.1 dn® mol~L. The linearity gigi‘ér?hg- ?:::r:tcseog:;"j%ff&gefnfgiog n&%l;npéozidlagiggirrﬁofo eq
of the pl(_)t |nd|caFe_S that, under our experlmental_ conditions, dm-3 SDSF.) [Bt]o = 6.0-10-% mol dm % 7.0-10° < [Br-Jo < 5.0-10°2
the activity coefficients of all the involved species can be dn2; [H>SQ4Jo = 0.90 mol dm®; [Na&;SQsJo = 2.510"2 mol-dm2:
considered as independent of the composition of the reactiont = 25.0°C. (@, m) Experimental data and) curve calculated by a
mixture. The obtaine& value is slightly lower with respectto linear least-square fit of eq 5.
that obtained in aqueous soluti&hhowever, it is worth saying
that this is in liné® with the effects of salts on the equilibrium
constant of such a kind of reaction.

By doing the proper combining of eq—2, we obtain the
following relationship:

Absorbance Data in the Presence of SurfactanfAnalogous (1—y)Ka 1+KC
experiments to those described in the above section were yjra_ B (5)
performed in the presence of two particular concentrations of y z—y

sodium dodecylsulfate, i.e., one below and the other above the

- . . Thus, for both SDS concentration, analogous to the treatment
sphere-to-rod transition concentration. However, some differ-

reported above, we calculated each term of eq 5, whose values

ences h_a_lvg to be discussed. First, at eagh bromide co_ncentratlonare shown in Figure 6. The linear least-squares analysis of these
the equilibrium absorbance values are slightly lower with respect data according to eq 5 allowed us to calculate only the binding

I he o valies coLld be detected. The observation that the COTS1at &t the higher [SDSK¢ = 10.0: 0.1 dinf mol). As
tribromincllaeX absorbance is different in.the absence and presencefor the lower surfactant concentration, it was not possible tp
of surfactant suggests that partitioning of the Bpecies into calculate thd_(B value becau_se the slop_e was close to the unit.
the micellar aggregates is altering the apparegt Bsrmation The gbove-dlscussed meaning of the linearity of the plot holds
constant. Since the anionic micelles repel the two anionic speciesf'ilso In the presence Of.SDS' Mo.reover, the optajﬁe@alue
while shc.>wing an higher affinity toward the bromine, a shift of 's lower than that obtained prewouéilyfor the iodine in the

the equilibrium constant in favor of the Bwill be ob’served same aggregated_system but at lower ionic st(gngth. I al!owance
This way the production of tribromine conform to the Schéme 'S ma(_de for the dlff_e_rent nature .Of the sol_ub|I|zed species and
1, which implies that the bromine is solubilized in both the experimental condition used, this result is the logical conse-

aqueous region (w) and the micellar pseudo-phase (M): thus guence of micelles having higher hydrophobic nature.
d gon ; P phase (M), ’ From the obtained binding constant value, we can reasonable
the concentration of bromine affecting the reaction in the

aqueous pseudo-phase will depend on the partition equilibrium 2??3:%}2:5;? bromine species are located in the palisade layer

CO?ﬂg‘g?r}dm constarks for the partition of bromine is given The spectrophotometric results indirectly demonstrate that two

by the e uati%n B P 9 kind of aggregated systems so far exist depending on the SDS
y q concentration used and unambiguously reveal that the bromine

[Br,] species show a different affinity toward the two kinds of
5= M ©) micelles. Indeed, they give rise of the observed response of the
[Bralw-C BZ system to the addition of the SDS.

where [Bg]u is the analytical concentration of the bromine Summary
associated to the micelles (in moles of bromine per liter of
solution), [Br]w is the analytical concentration of the
bromine confined in the aqueous pseudo-phase, @ng

the micellized surfactant concentration ([SDS]cmc). The
concentration of Brassociated to the micelles is obtained by
means of the following mass balance condition (in which
the volume occupied by the micellar pseudo-phase can be
neglected):

The cerium(lV) catalyzed BelousewZhabotinsy (BZ) oscil-
lating system responds in a peculiar way to the addition of
increasing amount of the anionic surfactant sodium dodecyl
sulfate (SDS).

The values of the oscillatory parameters, i.e., induction period
and oscillation period, depend on the surfactant concentration
used, which dictates the shape of the aggregated systems.

Support for the proposed existence of two kind of aggregated

_ systems was provided by performing viscosity measurements
[Bralv = [Bralow — [Bralw — [Brs ] ) on the aqueous SDS solutions.
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The perturbation mechanism of the oscillatory BZ system was
corroborated by spectrophotometric investigations for the

Sciascia et al.
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estimation of the binding constant of the bromine to the micellar 114 8298.

aggregates. These studies have indirectly corroborated the (14) washington, R. P.; Misra, G. P.; West, W. W.; Pojman, JJA.
existence of two kind of micelles and unambiguously revealed Am. Chem. Soc999 121, 7373.

that the bromine species show a different affinity toward the 19§125) Fendler, J. HMembrane Mimetic Chemistryviley: New York,
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