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Mechanism of the inhibiting action of electrolytes on the micellar effect in alkaline
hydrolysis of p-nitrophenyl ethyl chloromethylphosphonate
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The influence of KCl, KBr and sodium salicylate (NaSal) on the micellar effect of cetylpyridinium bromide in the alkaline
hydrolysis of p-nitrophenyl ethyl chloromethylphosphonate has been studied and the effects of electrolytes on the rate constant
and surface potential compared; based on the data obtained, it can be concluded that the reaction inhibition is determined both by
a change in the structure and properties of the micellar aggregates and by a decrease in the concentration of the nucleophile in the
micelles due to a decrease in the surface potential.

Alkaline hydrolysis reactions of organophosphorus compounds
are accelerated by micelles of cationic surfactants and retardedy 1g- 2 1
by micelles of anionic surfactaritsThe concentration (or
separation in the case of inhibition) of reagents in the micellay,
pseudo-phase is the main reason for micellar catdly&is. ~x
substrate is completely or partially (depending on the structur
solubilized by micelles, and the concentration of the hydroxide
ion in the micellar pseudo-phase is determined by the surface
potential. Additives which change the potential, such as
electrolytes alcohol$ and other co-surfactantgxert an effect

on micellar catalysis.

In addition, the structure and properties of a micellar system
change under the action of electrolytes, which is due to a 4 3 - 1
decrease in the surface potential of the micelles. As the
electrolyte concentration increases to a certain vajyethe
micellar transition sphere—cylinder is observedlthough Figure 1 The dependence of the observed rate constant for the hyc
the pseudo_phase model Of m|Ce”ar Ca’[alys|s does not ’[ake |n 1in CPB mlCe”eSOOn the Iogal’lthm of the concentration of N.g:lKBr
account the geometry of the aggregates, it can be assumed tfa@"d NaSald) (25 °C, 0.00M CPB, 0.003 NaGOH).
the micellar transition sphere—cylinder also exerts an effect on
the reaction rates in micelles. In the series of C] Br- and Sal counterions studied, only

In this work, we address the problems involved inthe salicylate anion exhibits nucleophilic activity with respect
investigating the factors which determine the nature of théo the substrate, although this is, however, several orders of
effect of electrolytes on micellar catalysis. The potential ofmagnitude lower than for the hydroxide ion. Therefore, we
the micellar surface, which affects both the concentration ofubsequently neglect the contribution of the reaction of Sal
nucleophile and the structure of micelles, is considered to be&ith compoundl to the observed rate constant. The primary
the main factor. We therefore studied the effect ofsalt effect in the reaction of alkaline hydrolysis ofin the
cetylpyridinium bromide (CPB) micelles on the rate of alkalineabsence of surfactants was observed only for the salicylate ion:
hydrolysis of p-nitrophenyl ethyl chloromethylphosphonate the observed rate constant decrease$-fold (from 0.02 to
(see Scheme 1) over a wide concentration range of salts K3,004 s1) as the concentration of NaSal increases from 0.05 to
KBr and NaSal. This concentration range covers the regions @.5M. In the presence of KCI| and KBr, the rate of alkaline
both spherical and cylindrical micelles. hydrolysis ofl in the absence of micelles remains unchanged

Compound 1 was obtained according to the literature over a wide range of salt concentrations (952
proceduré, A sample of CPB was precipitated twice from The addition of electrolytes to the micellar solution
ethanol using diethyl ether. The reaction kinetics were studiedecreases the catalytic effect of micelles to the extent of
by spectrophotometry on a Specord UV-Vis instrument bycomplete suppression of micellar catalysis in the region of high
monitoring the change in the optical density of solutions asalt concentration (~¥1). The experimental data were analysed
400 nm (formation of the-nitrophenolate anion). The observed in semilogarithmic coordinates similarly to ref. 8 (see Figure 1).
rate constants were calculated using the least-squares methodAs can be seen from the plot, thg vs log Cg dependence

A ca 20-fold acceleration of the reaction studied wasfor each counterion contains two linear regions with different
observed in CPB micelles in the absence of eIectrontes_I: ble 1 The val ke andk..for th o of basic hvdrolvsis £
Inorganic anions with different hydrophilicities (Band Ct) ~ Table € values Ors andky for the reaction of basic fydrolysis
and an organic anion Salvhose behaviour in micellar solutions g‘onc")g&"z;%o':‘;"ons of CPB in the presence of KBr (25 °C, 0RGIPB
differs strongly from that of other hydrophobic counteriéns, _ )

0.05

log Cg

were used in the experiment. Cya /M Ky/M-1 k, /s KoK,
0.002 350 0.36 18
ci,c_ 0.003 380 0.26 13
\P_OO NO, + O — 0.005 410 0.22 11
Eto” — 0.01 550 0.13 6.5
0.02 890 0.054 2.7
o 0.05 1022 0.052 2.6
0.1 1262 0.047 24
ClIHLC( E,_ o +0 NO 0.2 1312 0.036 1.8
EG” 2 0.3 — 0.028 1.4
3,q=0.02 s1. bThe values ok, corresponding to the plateau lof,; vs
Scheme 1 Cguri plot.
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. ‘ ‘ Figure 3 The dependence of the rate constant in the micellar phase
0.001 0.002 0.003 logarithm of the concentration of KBr (insertion: the dependence
CourfM surface potential on the logarithm of the concentration of KB}
sur calculated from equation (2)2)(data from ref. 13,3) on the logarithm ¢

Figure 2 The dependence of the observed rate constant for the hydroly5|sCI concentration).

of 1 on CPB concentrationi) 0, ) 0.002, 8) 0.003, @) 0.005, §) 0.01,
(6) 0.02, 7) 0.05, ) 0.1, ©) 0.2, (L0) 0.3M KBr. electrolytes in these regions occurs to different extents and,
probably,via different mechanisms. The data on the change in
slopes. According to ref. 8, the values of salt concentrations dhe catalysis valug,/k,, presented in Table 1 agree with this
the inflection points o€_, were interpreted as the concentrationsassumption. In the region of existence of spherical micelles, the
of counterions correspondlng to the sphere—cylinder transitioefficiency of micellar catalysis in the presence of KBr decreases
of the CPB micelles. For €IBr-and Sal, C, are equal to 0.1, by ~7 times but only twice in the region of cylindrical micelles.
0.02 and 0.001&, respectively. The replacement of the cation To elucidate the mechanism of action of electrolytes on the
(K* by N&) has no effect on the rate constant. Thus, themicellar effect, we calculated the change in the potential of the
activity series for the counterions studied as a function of thenicellar surface ) as the salt concentration increases. It is
extent of their action on the rate of alkaline hydrolysi4d af showrt that a Nernst correlation exists between the surface
the following: Ct<Br-<Sat, and this coincides with the potential and CMC, equation (2).
lyotropic series obtained previou8lyt is noteworthy that the

C,, values for chloride and bromide ions found in this work for  dj|/dlog CMC =59.16 mv 2
CPB coincided with the analogous values for cetyltrimethyl-
ammonium bromide micelles obtained previodsly. Using our data from measuring the surface tension of

Despite the fact that ion-molecular reactions of nucleophilianicellar solutions of CPB in the presence of salts, and the
substitution in the presence of electrolytes has been studietmi-empirical expression presented in ref. 12, we calculated
previously, the mechanism of this phenomenon remains unclea€MC values at different concentrations of KBr and KCI and
The question of the effect of the shape of the aggregates aheny values from equation (2) (see Figure 3). Analysing the
the reactivity of compounds has not yet been answered. Taata presented in Figures 1 and 3, we may draw the following
compare the mechanism of the inhibition effect of electrolytexonclusions concerning the mechanism of inhibiting action of
in spherical and cylindrical micelles, we studied a series o€lectrolytes in micellar catalysis.
kops109 Cg, s dependences at different concentrations of KBr The value of the inhibition action is independent of the
covering the regions of both spherical and cylindrical micellesature of the counterion. For all electrolytes studied, we
(see Figure 2). The data obtained were analysed in terms of tkéserved a decrease ky,, to the value equal to the rate
pseudo-phase model of micellar catalysis by equatio#? (1): constant in water. The surface potential of micelles upon

complete suppression of the micellar efféct,(= k,g) is not
_ kag+ KnKeCour 1 zero. This is related to the fact that the inhibiting action of
obs= 1 +KyCourt @) electrolytes is caused by the simultaneous decrease in the
surface potential of the micelles and displacement of reactive
where k,q and k/s1 are the rate constants in aqueous anctounterions from the Stern layer by unreactive counterions.
micellar phases respectiveli,/M-1 is the reduced binding When hydroxide ions are completely displaced from the
constant of the substrate; a@d,; is the concentration of the micellar surface by unreactive anions, the micellar effect is
surfactant minus CMC. The results of mathematical processingompletely suppressed, although the potential in the Stern layer
are presented in Table 1. As the concentration of the saltiiffers from zero.
increases, the binding constant of the substrate increases due td'he k,—log C5 and k,,slog Cg plots consist of two linear
the salting-out effect of inorganic ions with respect to theregions, whereas thg—logCgs dependence is linear over the
hydrophobic compound. It is also known that the site ofwhole range of electrolyte concentrations (Figure 3) and can
localization and binding constant of the solubilizate can changbe expressed by the equatipr= —41.6logCg + 53.2 fi= 11,
depending on the shape of the micellar partitles. r =0.999). A similar linear dependence was obtained when the

The calculated values df,, were analysed in the semi- data from ref. 13 were plotted.
logarithmic coordinates (see Figure 3). The character of the It is of special interest that the, values for Br and Ct
dependence obtained is similar to that of the plot presented itorrespond to the same values of the surface potential (124 and
Figure 1. The values of the Beconcentration in the inflection 123 mV, respectively) (see Figure 3). This indicates that there
point areC, = 0.02M, which coincides witlC_, in Figure 1. is a critical value of the surface potential at which the
It is noteworthy that the slopes of the linear dependencenechanism of electrolyte action changes sharply. Phisalue
before the inflection point (equation of line before the pointis most likely the characteristic one for CPB micelles and
C. 'k, =-0.29l0gCg — 0.45) and after it (equation of line after results in micellar transitions.
the pointC,:k,, =—-0.0391ogC;— 0.008) differ strongly. This The presence of a break in thg,<logC, dependence
indicates that the inhibition of the micellar effect by theimplies that in spherical and cylindrical micelles the factor of
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concentration with a decrease in the surface potential is# R.A.Hobson, F. Grieser and T. W. Healy, Phys. Chem.1994,98,
suppressed to different extents or this indicates the existence of 274. , , _

additional mechanisms of inhibition action, which are not 5 S. lkedaSurfactants in Solutigred. K. L. Mittal, Plenum Press, New
associated with the concentration effect. Perhaps the effect of York-London, 1984, p. 825. )

the micellar microenvironment, which does not depend Qireptlyg gbih?ﬁ.l ?<krl1li’mL.i&gﬂg@ﬁ%%éb%hvéuelzr;r?. %ngs(%n%'ll"ﬁgﬁzg"
on the surface potential, becomes determining in cylindrical 1979 49 2180].

micelles and changes insignificantly when salts are added. In . A, Cassidi and G. G. Ward, Phys. Chem1996,100, 3237.

fact, published data exist on the change in the degree o L.va.Zakharova, S.B.Fedorov, L.A.Kudryavtseva, V.E.Bel'skii
counterion bindingl the site of localization of reagents and the  and B. E. lvanowzv. Akad. Nauk, Ser. Khinl993, 1396Russ. Chem.
solubilizing capability of micelléd for the sphere—cylinder Bull., 1993,42, 1329).

transition. In addition, a denser packing of surfactant molecule® W. Jencks,Catalysis in Chemistry and EnzymolpgycGraw-Hill,
in cylindrical micelles as compared to spherical micelles can New York, 1969.

lead to a change in the microenvironment of the substrate, it F-M. Menger a”dbc' E. gort”"l"Am: CheI’I"'.dsngfmg' 4698.
orientation and mobility and, as a consequence, its reactivity:- C; Herz09, K. Huber and A. R. Renig, Colloid Interface Sci.1994,

. 4 h . 164, 370.
An alternative explanation for the existence of the break is the, « shinoda. T. Nakagawa, B.Tamamushi and T. IsemGrloidal
assumption that two main inhibiting factors act beforeGhe SurfactantsAcademic Press, New York—London, 1963.

point: a decrease in the surface potential and displacement of N. 0. Mchedalov-Petrosyan, L. P. Loginova and V. N. Kleshchevnikova,

reactive counterions, while aft€r,, only the first factor acts, Zh. Fiz. Khim, 1993,67, 1649 (in Russian).
which results in weakening of the inhibition effect. 14 S. IkedaColloid Polym. Scj.1991,269, 49.
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