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Kinetics o f  cleavage o f  N - O  bond  in O-(2,4-dinitrophenyl)-cyclohexanone oxime with 
hydroxide ions both  in the presence and absence of  surfactants has been studied. The 
reaction is accelerated by cationic micelles, slightly by non-ionic mieeUes and there is no 
effect o f  anionic miceUes. A plot o f  the rate constant vs. [surfactant] shows a maximum 
corresponding to the CMC o f  surfactant. 

Bbma rlccne;aoaaHa KrmeTrIKa pacmen.qemla ca~t3g. NO B O-(2,4-/XrlrmTpoqbemm)anK- 
noreKcalion~3KCi~Me C IIOMOIJ~IO FH~pOKCHYlbHI~IX HOHOB KaK B HpI, ICyTCTBI4H, TaK It B 
OKCyTCTBHH IIoBepXHOCTHO~aKTHBHbIX BemecTB (IIAB). PeaKIIH~ MO)KeT 61~ITb yCKO- 
peHa c noMoIl~IO KaTHOHItbIX MHILeYuI, cJierKa ycKopeHa c nOMOlRt~ HeHOHHblX MH- 
ILeJIYl, a aHHOHHbIe MHIIeJI~II~I He OKa3bIBalOT KaKoFo-JIH60 3qb~3eKTa. Ha rpaqbHi<e 3aBH- 
CI~MOCTn KOHCTaHTbI cKopocTt40T KOHReHTpalII4n HAB Ha6~lm~aeTca MaKCI4MyM, CO- 
OTBeTcTBymmm~ KKM FIAB. 

INTRODUCTION 

Micellar catalysis has attracted the attention of various workers due to its rela- 
tionship with enzymatic processes/1-4/. Also there is a similarity between micellar 
surfaces and lipid-protein interfaces and, consequently, micelle catalyzed reactions are 
of great help in elucidating the mechanism of electrostatic hydrophobic interactions 
in biological systems /5, 6/. During the last decade catalysis by micelles has contri- 
buted significantly to our insight in the importance of micro-environmental and 
proximity effects /7-10/. The micelle catalyzed hydrolysis of oxime-O-ethers, re- 
sulting in the cleavage of the N-O bond, is of interest because of its use in 
biological systems /11-14/. 
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Various studies have been made to investigate the effect of surfactants on the 

reaction kinetics. The behavior of  surfactant is highly dependent upon the nature 

of the reaction. The rate of proton-catalyzed hydrolysis of N.benzylideneaniline has 

been shown to be strongly retarted in the presence of cationic detergent n-CTAB, 
by Van Sendew and Koningsberger/15/. Reactions between ctiarged ions are re- 

ported to be affected by the addition of a surfactant having the opposite charge/16/. 

EXPERIMENTAL 

O-(2,4-dinitrophenyl)cyclohexanone oxime was prepared by the method described 

earlier/17, 18/. All reagents used were of BDH Analar grade. Solvents were redistilled 

before use. For kinetic studies deoxygenated water was used. All solutions were pre- 

pared in 50 : 50 (v/v) MeOH-water mixture. 

The solvent system employed in the kinetic studies was 50 : 50 (v/v) MeOH-water 

at 40+0.1 ~ The reaction was studied under pseudo first order conditions and fol- 
lowed in a Carl-Zeiss UV-VIS recording spectrophotometer at X-400 nm correspond- 
ing to the formation of the product 2,4-dinitrophenoxide ion. The reaction was i~ol - 

lowed up to three half-lives and the final reading was noted after about ten half- 

lives. 

RESULTS AND DISCUSSION 

The rate of reaction was affected by the addition of cationic surfactants. A plot 

of the second order rate constant a#finst the surfactant concentration is shown in 

Fig. 1. In both cases there is a maximum which arises because the increasing con- 
centration of surfactant increases the micelle concentration, therefore, the amount 

of reactants in the micellar phase, too. But a further increase in surfactant concen- 

tration means that the reactants are distributed over a large amount of micelles 

which leads t o  'dilution' of the reactants in the micellar phase and the rate is de- 

creased. The reaction is catalyzed only at a particular concentration of surfactant 

equal to its CMC, below or above which there is no catalytic effect. Below CMC, 

when no micelles are formed, all the hydroxide ions are dispersed in the medium 
and the rate is not affected. The increase of  surfactant concentration as soon as 

micelle formation starts, makes the surfactant QBr* to exchange its bromide ions 

with hydroxide ions to give QOH. The concentration of hydroxide ions at the 

*QBr = cetylpyridinium bromide or cetyltrimethylammonium bromide 
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Fig. 1. Plot of second order rate constant vs. surfactant concentration, 
b r o m i d e ; -  o - -  cetyltrimethylammonium bromide 

- - A - - cetylpyridinium 

micelle surfaces, therefore, increases and the rate is enhanced. As the concentra- 

tion of QBr increases above its CMC, more and more micelles are formed, and 

hydroxide ions are distributed all over the system and there is no net increase but 

rather a decrease in hydroxide ion concentration at the micelle surface, hence the 

rate is decreased. 
The catalytic effect is more pronounced with cetylpyridinium bromide than 

with cetyltrimethylammonium bromide. Cetylpyridinium bromide is a planar mole- 
cule and the cationic nitrogen is free for attack from both sides and is in a better 

position for reducing the charge density in the transition state, while cetyltrimethyl- 

ammonium bromide is a sterically hindered tetrahedral molecule, which cannot ef- 

fectively stabilize transition state (I) to the extent cetylpyridinium bromide can. 

Similar experiments using sodium dodecylsulfate produce no significant change 

in the rate, suggesting that it is the charge on the micelle that is responsible for the 
enhancement of the rate. 

The effect of  micellar catalysis on bimolecular reactions depends upon the incor- 
poration of reactants into the micelle and the rate in the micellar phase. The de- 

pendence of  the overall rate constant upon the surfactant concentration can be 
attributed to the distribution of reactants between aqueous and micellar phase. For 

micelle catalyzed bimolecular reactions, the observed rate constants go through a 
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maximum with increasing surfactant concentration and the observed second order 

rate constant near the maximum is dependent on the reactant concentration. 

This catalytic effect of  micelles may offer a method for determining the CMC 

of surfactants. 
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