Cetylpyridinium bromide-based microemulsions as media for the hydrolysis of
phosphorus acids esters in the presence of primary amines
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The relationships between the structure of microemulsions and the kinetics of hydrolysis of phosphorus acids esters catalysed by
amines in oil-in-water microemulsions have been examined.

Microemulsions are transparent isotropic thermodynamicallyions of the pseudo-first-order reaction by measuring an increase
stable oil-water dispersion systems stabilised by surfactants aimlthe absorbance due to the liberatiorpafitrophenolate A=
co-surfactants. The high solubilising ability of microemulsions= 400 nm).
and very high areas of the oil-water interface provide effective Unlike micellar solution$,thek,,,= f(c,,) functions in CPB-
contact between reactants differently soluble in water and oibased microemulsions are linear over a wide concentration
Such systems can be successfully used as media for vario@nge (up to 0.2 mol drd) for amines of various hydropho-
chemical reactions# bicity (Figure 1). The second-order rate constakjsaiveraged
In this work, we studied the hydrolysis of phosphorus acidoy volume are presented in Table 1. Note that, in contrast to the
esters in the presence of primarglkylamines depending on the micellar solutions of CPB, all of the amines in ME-1 exhibited
structure of the reaction medium, namely, an oil-in-water microno significant difference in the reactivity. Butylamine and octyl-
emulsion (ME-1) based on cetylpyridinium bromide (CPB) ofamine were found to be more powerful general-base catalysts in
the following compositiort: CPB, 9.5n-butanol, 9.1n-hexane, ME-1 than their hydrophobic homologues.
2.0; and water, 79.4 wt.%. Water containing 98%® §Ferak) In the hydrolysis ofl in the micellar CPB solutions, the ratio
was used in the NMR measurements. between the contributions from alkaline hydrolysis and hydroly-
Previously? we examined the kinetics of aminolysis of esterssis catalysed by aminesa the general-base mechanism, as well
in CPB-based oil-in-water microemulsions. Here, we consideas the resulting micellar catalytic effect, depends on the hydro-
the hydrolysis 0f0,0-(bisp-nitrophenyl)methylphosphonate  phobicity of the amine&For the reaction in ME-1, the contribu-

in analogous microemulsions with the participatiomafikyl- tion from the general-base mechanism increases and becomes
amines. The catalytic effect of amines is proportional to thg@redominant with increasing amine concentration and decreasing
basicity of the nucleophil®? pH (Figure 1); the influence of the hydrophobicity of the nucleo-
phile is insignificant. Moreover, the high solubilising ability of
MeP(O)(OGHNO,p); + HO-HNR + 3HO — ME-1 makes it possible to obtain systems with high amine con-
1 centrations. This leads to a significant catalytic effect, which is

MeP(0)(OGH,NO,-p)O™ + "OC;H,NO,-p + 2H,0* + H,0-H,NR difficult to achieve in molecular and micellar solutions.
The structure of microemulsions was studied by Fourier trans-
The observed rate constaritg,{ linearly depend on the con- form pulsed-gradient spin-echbl NMR spectroscody10 using
centration of amines that are unable to self-associate. If the modified TESLA BS-587 A NMR spectrometer at 80 MHz.
amines participate in the micelle formation or occur in micellar The most intenséH NMR signals were used for the self-
solutions of surfactants, the micellar catalytic effect leads to dediffusion measurements in ME-1 (Table 1). The self-diffusion
viations from the Bronsted relatid. coefficients of water and butanol were determined from the sig-
The kinetics of hydrolysis of in ME-1 in the presence of nals of water protons (4.80 ppm with reference to tetramethyl-
primary amines was monitored spectroscopically under condi-
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Figure 2 The weight fraction ofX) butanol or g) water included in tt
Figure 1 The observed rate constant of hydrolysisif¢25 °C) as a func-  drops of ME-1 as a function of carbon-chain length i the amin
tion of n-alkylamine concentration: octylamind,) ¢x = 1.0 (pH 10.3), %) hydrocarbon residue. Dotted lines show the corresponding valu
a =0.7 (pH 9.4); cetylamine3f ¢ = 1.0 (pH 10.3),4) « = 0.69 (pH 9.4). amine-free ME-1.
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Table 1 Self-diffusion coefficients of ME-1 components (30£0.5 °Cyl an
the second-order rate constants of the hydrolysit iof the presencefo
primary amines.

The introduction of organic additives, in particular, alkyl-
amines, can influence the structure of microemulsions. Amines
may act as co-surfactatfidsé and compete with butanol at the
interface of drops. According to the self-diffusion data (Table 1,

Amine ?(C}Pll m sl 1D<B}u9/m2 o1 ?g/g M sl 52413 mokL -1 Figure 2), the amines examined can be divided into two groups
according to their influence on the structure of ME-1. An
. . 3.6 0.46 174 increase in the self-diffusion coefficients of CPB (by approxi-
g‘éﬁﬂiﬂ?ﬂi i'i 8‘3‘1 ﬂi (1)'35 mately 15%)j.e., a decrease in the drop size, and an increase in
Decylamine 40 046 177 055 the weight fraction of butanol included in disperse phase are the
Dodecylamine 3.2 0.51 1.84 0.56 characteristics of the first group (butylamine and octylamine).
Cetylamine 29 0.50 1.83 0.55 Starting from decylamine, the changes in the size and compo-
Octadecylamine 3.0 0.50 1.85 0.58 sition of ME-1 drops take place: the radius of drops increases,

aAs determined in ME-1 at 25+0.5 °C and pH 9.0-10.3, the amine conce a-md butanol and Wath are forced out from the- ~d|Spe~rse phase

tration was up to 0.2 mol drh k_zé (Kope ko)lacar;m whérékobsandko are Thto the bulk one. Evidently, the more hydrophilic amines can

the observed rate constants in the presence and absence of the amfg, Solvated in the bulk phase. The hydrophobic amines tend to

respectively C,, is the amine concentration, aadis the fraction of the ~ INcorporate with the droplets and to increase their size. The

neutral (reactive) form of the amine. weakening of the drop hydration may result from a decrease in
the drop surface charge density because of the incorporation of

silane) anar-CH, protons (3.63 ppm), respectively. In addition to neutral amine molecules between charged CPB species. Probably,

CPB, hexane and butanol also contribute to the signal (1.3 pprthe surface dehydration of micelles by hydrophobic amines leads

of the (CH), protons. The diffusion decay of this signal showedto the separation of a nucleophile (water activated by amines)

that CPB and hexane molecules are characterised by the saare an oil-soluble substrate and hence results in a decrease in

translational mobility. the rate constant of hydrolysis for

If the total surfactant concentration in microemulsions is much

higher than the critical micelle concentration, the surfactant dif- This work was supported by the Russian Foundation for Basic

fusion is close to the drop diffusioDy,; = Dy, 112 Thus, the  Research (grant no. 99-03-32037).

effective drop radius,,, can be estimated by the Stokes—

Einstein equation References
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