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A kinetic study of the basic hydrolysis of the substrate in a sodium bis(2-ethylhexyl)sulfosuccinate—decane—water reverse micellar
system has shown a change in the reactivity of p-nitrophenyl ethyl chloromethyl phosphonate above the percolation threshold. The
applicability of the pseudophase model of micellar catalysis, below and above the percolation threshold, is shown.

Reverse micelles and water-in-oil microemulsions have drawn In this work the kinetics of the basic hydrolysismhitro-
wide attention as biomimetic systet’s.The most typical phenyl ethyl chloromethyl phosphondten AOT—decane—water
anionic surfactant capable of forming reverse micellar aggregatesverse micelles at various molar ratws= [H,O]/[AOT] and
without any co-surfactant is sodium bis(2-ethylhexyl)sulfo-Z = [decane]/[AOT] has been investigated (Scheme 1).
succinate (AOTY). The structural behaviour of reverse systems

depends on several parameters, such as temperature, watt o

content, ionic strengtretc3 Although the pseudophase model CHXC~ E,_ OO NO, + OH —=

of micellar catalystsdoes not take into account the geometry Et0™

of the particles, it is reasonable to assume that altering the

above parameters, resulting in the modification of aggregates,

will affect the reaction rate in micelles. C|H2c\? _ _

When either the volume fraction of dispersed plyase the _P—0 + OO NG,
temperature is varied percolation phenomenon can take place ir EtO
the AOT-based reverse micellar systénisThe occurrence of
percolation reveals that the process of micellar clustering
increases very rapidly. Percolation can be manifested by a rapid An analysis of the kinetic data in terms of the pseudophase
increase, by 3—4 orders of magnitude, of the electric conductivitgnodel and a test of the model under different experimental
of the system. The structure of the micellar system is assumedonditions with high concentrations of the ionic reagent and
to be unaffected by percolatione. as before it is formed by a variation in temperature andj Z parameters have been
isolated water droplets surrounded by an AOT monolayer. It isarried out.
undoubtedly of interest to study the influence of clustering

Scheme 1

phenomena on the reaction rate in micelles. .
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Figure 1 Dependence of the percolation threshold temperature on AOT —2.2 . . | |
concentration in the AOT—-decane—water reverse micellar system at various 3.1 3.2 3.3 3.4 3.5

W values. The insert gives an example of the electric conductivity change 1B T-YK-1
vs.temperature folW = 15.1,Cy,o4= 0.01M, the AOT concentrations

0.26M, O 0.30M, ® 0.35M, v 0.42M, A 0.49M. Figure 2 The Arrhenius dependence of the observed rate constant
basic hydrolysis of in the AOT-decane—water reverse micellar syste

t AOT or Aerosol OT is a trivial name for bis(2-ethylhexyl)sulfosuccinate. VariousW values Cyaon = 0.01M, Cpor = 0.42M ).
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Substratel was prepared according to the previously reportegprocesses resulting from clustering. Such a direct effect would
proceduré, The surfactant AOT was from ‘Sigma’ and used be expected in the case of fast reactions, in which the rate is
without further purification. Sodium hydroxide and decanecontrolled by diffusion of reagent8.The reaction in this study
were obtained commercially and decane was distilled prior tadoes not belong to these fast processes, so the basic assumption
use. Solutions were made up in twice-distilled water. Micro-of the pseudophase model should be observed, suggesting that
emulsions were prepared by mixing AOT, decane and water, ithe exchange of materials between droplets is much faster than
the appropriate proportions, and shaking vigorously until ahe reaction in this study, and therefore has no effect on the
transparent solution was obtained. Under experimental conditiongnetics. We can assume that clustering and acceleration of the
the reverse micellar systems always exist in accordance with tliynamic processes result in the alteration of some characteristics
AOT phase diagramThe reaction was monitored by observing of the micellar microenvironment of the reagenés ifhicropolarity,
the p-nitrophenolate absorption at 400 nm. A spectrophotometesurface potentiaktc), thus influencing their reactivity.

‘Specord UV VIS’ equipped with temperature-controlled cell The kinetic data were treated in terms of the pseudophase
holders was employed. The substrate concentration (8%¥0)0 modet with the assumption that there is competition between
was much less than the nucleophile concentration, and the kinetieactions in different microphases of the reverse micelles. The
data always fitted the first order equation with correlationproblems and approximations involved in these definitions have
r = 0.999. The electrical conductivity was measured using &een discussed previouslyFor the reaction occurring at the
OK 102/1 conductivity meter (Radelkis, Hungary), operating ainterface the first order rate constant is given by equation (1):
80 Hz and 3 kHz. The temperature was controlled in a parallel-

plane cell with +0.2 °C accuracy. The temperature of the kopo= kiKsKon[OH], (1)
percolation threshold was determined as the point at which b5 (Ks+ 2)(Kon + WIAOT]

the first derivative of conductivity with respect to temperature

changes its sign. wherek/s1is a bimolecular interfacial rate constant, expressed

Figure 1 plots the dependence of the percolation thresholih terms of the molar ratio [OH]/[AOT]; it is connected to the
temperatureT,) on the AOT concentration at variosvalues.  conventional pseudo first order const&ifst and the second
The occurrence of the percolation threshold reveals that clusterder constark, /M-1 s as follows:
size, attractive interactions and the rate of exchange of material
between micelles through collisions all increase. The appearance [OH] .
of a percolation threshold corresponds to the formation of the k=KAot [AOT]’ =kVv )
first ‘infinite’ cluster.

Based on the electric conductivity measurements the conditionsis the molar volume of AOT, [OHis the total OH concentra-
for the kinetic study below and above the percolation thresholtion and K5 and K, are partition coefficients, which are
were chosen. The kinetic data are shown in Figures 2—4. ldefined as
Figure 2 the Igk,,sVs. 1/T plot at variousV values is represented
(Cpor = 0.42M, Cy,0n= 0.01M). The Arrhenius dependence _ [S]i[decane] _ [OH];[H,0]
changes its slope at definite critical temperaturgs). (At ST IS][AOT] * "OH T [OH],[AOT] @

W= 26.6 a decrease in the slope occurs, which is in line with a
reduction in activation energyef), whereas atw=20.0 and where the molar concentrations of substrate (S), decane and
15.1 a transition to negati\E, values is observed. It is evident AOT are given in square brackets; subscripts i, o, w are related
that the valued, (Figure 2) andr, (Figure 1) for the sam@&/ to the interface, oil and water, respectively.
value are nearly identical, which makes it possible to assume Figure 3 plots thé,,, vs. C,or dependence for the various
that the change of the slope in the Arrhenius dependence Vg values at 25 °C. As one can see from Figure 1 the experimental
connected with the clustering phenomenon. At the same time,éonditions for the kinetic study are as follows. The micellar
should be assumed that a decreasg,iabove the percolation system is below the percolation thresholdiér 15.1 and 20.0
threshold is not directly due to the acceleration of the dynamiwhereas foW = 9.8 the clustering process is very active. The
7r kinetic data in Figure 4 suggest that in the system studied a
3r 2-2.5-fold retardation of the hydrolysis aftakes place by
comparison with the reaction in water but the observed rate
6L constant still depends linearly on the NaOH concentration. An
increase in the AOT concentration results in some inhibition of
the reaction (Figure 3) evidently due to dilution of the reagents
with increasing volume fraction of the dispersed phase. The
observed rate constant is reduced with the increas®V in
(Figure 3, insert).

Equation (1) can be linearized in thekChor VS. Z
coordinates, which makes it possible to determine the values
O 5 50 3 o Kow, Ks andk;. In this work our task was to test the pseudo-
phase model during the clustering process of reverse micelles.
A comparison of the experimental and calculated kinetic data
shown in Figure 3 demonstrates a rather good agreement between
them both below and above the percolation threshold. The

2+ O\O\KQ\‘ calculated parameters afg,, = 2.6 andk1 =5.8 s1. Assuming
W=15.1 V=0.37 ImotL12 we can calculaté,;=2.15M-1s? (for the
© sake of comparisok, ,, = 4.0M-1s).
1k _ From the analysis of the calculated parameters some
W=20.0

conclusions can be drawn with respect to the factors responsible
for the micellar rate effects in the system studied. The observed
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ol . L L ey effect k,,dk,, = 0.4—0.5 is mainly determined by two factors.
0.20 0.30 0.40 0.50 0.60 The first results from a change in the microenvironment of the
Cpor/M reagents and the second results from concentrating the reagents

Figure 3 The AOT concentration dependence of the observed rate constanrg the microdroplets and has some resemblance to interfacial
for the basic hydrolysis df at variousW values Cy,op = 0.01M, 25 °C). catalysis. The first effect can be expressiedhek, /k; , ratio.
The insert shows the observed rate conswant The solid lines are It is evident that this value is comparable with the observed

related to the calculatdg, values. ratio ky,dk,, i.e. it is a fundamental contribution to the total
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In conclusion, in this work the kinetics afin AOT-based
reverse micelles and the influence of droplet clustering have
been studied. A change in the reactivityl @bove the percolation
threshold was observed, which is reflected in the alteration of
the slope in the Arrhenius plot. This anomalous behaviour can
be caused by a reduction in the area of micellar contact with the
oil and the alteration of some properties of the surface layer due
to micelle clustering, both of which influence the reactivity. It
has been found that the pseudophase model is adequate both
below and above the percolation threshold.
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