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Kinetics of the reactions of esters and primary amines 
in "oil--water" type microemulsions 
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The possibilities of using "oil--water" type microemulsions as a medium for react ions  of 
nucleophilic substitution in esters have been considered. The kinetics of the react ions  of 
p-nitrophenyl acetate and caprylate with primary amines in the medium indicated has been 
studied. The hydrophoby factor, being of great importance for micellar solutions o f  surfac- 
tants, is not  substantially manifested in detergent microemulsions: the rate constants of the 
reactions studied are in fact independent of the length of the alkyl radical of the nucleophile.  
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The  high solubil izing abi l i ty of  microemulsions  (ME) 
and the highly d e v e l o p e d  surface of  their  interfaces 
make it possible to use t he se  systems as microreactors  
for various chemica l  r e a c t i o n s . l - s  

An isotropic,  opt ica l ly  uni form "oil--water"  ( 'oi l"  is a 
hydrocarbon) ME d ispers ion  forms spontaneously when 
hydrocarbon,  water,  sur fac tan t ,  and co-surfactant  (usu- 
ally a low-molecu la r  a l coho l )  are mixed in certain pro- 
portions. The  surface a r e a  o f  the interface can be varied 
in wide ranges by chang ing  the ratios of  the volumes  of  
"oil" and water  and the a m o u n t  of  the surfactant in the 
system. As a rule, in M E  chemical  processes occur  
inside or  on the surface o f  a globule, and the large 
surface area o f  contac t  provides the convergence and 
interact ion o f  water-  and  oi l -soluble  reagents. 

M E  make it possible to control  the condi t ions  of  
reactions and to separate  solvents  and reaction products 
by changing the t empera tu re ,  which results in the lami- 
nation o f  ME.  7 Reac t ions  in ME are often selective, s 
However ,  despite  the sha rp  increase in interest in using 
ME as react ion media  in the last decade, the kinetic 
aspects of  processes occu r r ing  in ME are poorly studied. 
Among  the few works d e v o t e d  to reactions of  nucleo-  
philic substi tut ion in M E  based on nonionogenic  and 
cat ionic surfactants,  we should ment ion the detailed 
study of  hydrolysis of  esters  of  te tracoordinated phos- 
phorus-conta in ing  acids in the presence of  such nucleo-  
philes as fluoride, hydroxyl ,  and iodobenzoate  anions, s.9 

In this work, we s tud ied  the possibilities o f  the 
applicat ion o f  ME as t h e  medium for reactions o f  nu- 
c leophi l ic  substi tution in esters and the kinetics o f  these 
processes. C o m p o u n d s  wi th  different lengths of  hydro- 
carbon radicals were used  to reveal the hydrophoby of  
reagents in ME.  

Exper imemtal  

p-Nitrophenyl acetate (PNPA) and p-nitrophenyl caprylate 
(PNPC) were chosen as substrates; primary alkylamines con- 
mining from 2 to 18 hydrocaflx:~rt atoms in the radical were 
used as nueleophiles. The ME studied were optimized by 
composition according to the methods  published previously~l.9: 
the surfactant : co-suffactant m o l a r  ratio (in our case, cetylpy- 
ridinium bromide : n-butanol) w a s  equal to 1 : 5, the fraction 
of hydrocarbon (hexane) was 10% of the total weight of  the 
hydrophobic nucleus, and the ra t io  of aqueous (stretched) 
phase : nonaqueous phase was var ied .  

The high solubilizing ability o f  the ME studied made it 
possible to create concentrated water-containing solutions based 
on hydrophobic compounds. F o r  example, in ME-I  of  the 
composition (wt.%): cetylpyddinium bromide, 16.7; butanol, 
16.1; hexane, 3.7; and water, 63.5,  a solubility of n-cetylamine 
to a concentration of 0.2 M can be easily achieved, which is 
greater than its solubility in water  by more than two orders of 
magnitude. 

The solvents used, amines, and para-nitrophenyl esters 
were purified by standard methods. Samples of cetylpyridinium 
bromide were twice reprecipitated from an ethanolic solution 
with ether. 

The kinetics of the reactions was studied spectrophoto- 
metrically on a Specord UV-VIS instrument at 25 ~ The  run 
of the reaction was monitored by a change in the optical 
density of solutions at 400 n m  (the formation o f  the 
p-nitrophenolate anion). The init ial  concentration of the sub- 
strate was 5" 10 -5 tool L -l, and  the conversion was greater 
than 90%. The required values o f  pH in the systems were 
established by the addition of hydrochloric acid and were 
monitored on a pH-340 instrument. 

The observed pseudo-first o r d e r  rate constants (kobs) were 
determined from the dependence - Iog(D~-D)  = -0 .434  kobsx 
+ const, where D and D~ are the  optical densities of solutions 
at the moment r and at the end of  the reaction, respectively. 
The kot ~ values were determined by the least-squares method. 
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squares method. The second-order rate constants (k2) were 
calculated in the linear region of the dependence of ko~ on the 
concentration of the amine (Cam) by the equation k 2 = ko~ + 
k0/C~met, where k~ is the rate constant of the alkali hydrolysis 
of the substrate determined at the specified pH in ME and ct is 
the fraction of the neutral reactive form of the amine under 
conditions of the kinetic experiment. The ct values were deter- 
mined by the potentiometric titration of solutions of amines 
with a 0.t M solution of  HCI. 

Resul t s  and Discussion 

In aqueous  so lu t ions ,  the decompos i t ion  of esters in 
the  p resence  o f  p r i m a r y  amines  includes  hydrolysis along 
with the ma in  r eac t i on  of  aminolysis .  I~ In the s impli f ied 
form, the  s c h e m e  o f  the  reac t ion  can be presented as 
follows: 
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Fig. I. Dependences of  the observed rate constants (ko~) of 
the reactions of PNPA with n-cetylamine (1), PNPA with 
n-decylamine (2), and PNPC with n-cetylamine (3) in ME-I 
on the concentration of the nucleophite (pH 9.4. 25 *C). 

The kinetic data cha r ac t e r i z i ng  the reac t ions  o f  PN PA 
and  P N P C  with the a m i n e s  in ME are p r e s e n t e d  in 
Tables  1--3 and  Fig. 1. It follows from t h e  results 
ob ta ined  tha t  the obse rved  ra te  cons tan t s  o f  the  sub-  

Table 1. Rate constants of the reactions ofn-cetylamine (Can ' = 
0.005 tool L -I)  with PNPA and PNPC in ME-I at different 
pH values (25 ~ 

pH ct ko~" 102 k 2 ~* -10  j ke*.10 4 
/S -[ / t o o l  - I  L s -1 /s  - I  /s -I 

PNPA PNPC PNPA PNPC PNPA PNPC 

8.15 0.05 0.64 0.048 2.48 0.174 O. 17 0.40 

8.50 0.11 1.05 0.095 1.88 0.161 0.20 0.50 
0.19*" 

8.60 0.14 1.21 1.77 0.21 

8.90 0.24 1.93 0.200 1.61 0.166 0.25 0.85 

9.40 0.50 5.0 0.450 2.00 0.172 0.57 1.92 
0.52"* 

9.60 0.61 6.90 0.765 2.25 0.243 0.69 2.30 

9.90 0.76 7.50 1.94 1.08 

* k 0 was determined in the borate buffer. ** In the buffer 
based on dimethylbenzylamine (this buffer was chosen to 
compare the contribution of  the  hydrolysis catalyzed by the 
general base meehanism with the contributions of  the alkali 
hydrolysis and aminolysis to the  cleavage of the esters studied). 

Table 2. Rate constants of the reactions of n-alkylamines with 
PNPA and PNPC in ME-I ( p H  9.4, 25 ~ 

Amine a C a" ko~ k 2 
/tool L - t  /s  -I  / tool  L s - l  

P N P A  PNPC PNPA PNPC 

C.6Hz3NH 2 0.38 0.019 0.032 0.0033 1.65 0.169 
CsHITNH 2 0.40 0.020 0.041 0.0032 2.05 0.160 
CIoH2tNH2 0.40 0.020 0.039 0.0032 2.00 0.160 
C,6HnNH2 0.50 0.025 0.050 0.0045 2.00 0.180 
CIsH37NH 2 0.50 0.025 0.053 0.0041 2.10 0.I70 
C2HsNH 2 -- 0.02 0.036 0.0038 1.80 0.190 
C2HsNH2** -- 0.01 0.019 0.0017 1.94 0.170 

* C n is the concentration of  the neutral form of the amine 
equal to Ca.ha. ** At pH 10. 

Table 3. Observed rate constants  of the reactions of n-cetyl- 
amine (Cam = 0.05 tool L - I )  with PNPA and PNPC in ME 
of different compositions (pH 9.4, 25 ~ 

Suffac- Composition of ME (wt.%) ko.~s -I  

tant* BuOH C6H~2  H 2 0  PNPA PNPC 

23.6 22.6 5. t 48.8 0.034 0.0031 
16.7 16.1 3.7 63.5 0.050 0.0045 
15.0 14.4 3.4 67.2  0.060 0.0058 
I 1.8 II .3 2.6 74.3 0.086 0.0070 
10.8 10.4 2.3 76.5 0.094 0.008 I 
9.5 9. I 2.0 79  4 0.098 0.0090 

* Surfactant is cetylpyridinium bromide. 
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strates studied (kobs) increase as the concentration of 
nucleophiles (Fig. I) and  the pH of the medium in- 
crease (see Table I). 

In ME, the dependences of ko~ of the reactions of 
PNPA and PNPC with the primary amines on the 
concentration of the nucleophi le  are linear (see Fig. I). 
It is noteworthy that even  for amines prone to micelle 
formation in aqueous solut ions (for example, n-decyl- 
amine Ii) no deviation from this linearity is observed. 
The effective second-order  rate constants of these pro- 
cesses, which were calculated taking into account the 
contribution of the alkali hydrolysis and the content of 
the reactive form of the amine  averaged by volume, are 
presented in Table I. T h e  k 2 values obtained in ME-I 
are ~5 times lower than k 2 for the corresponding reac- 
tions in aqueous solutions. I1 The possibility to create 
considerable concentrat ions of the nucleophile in ME 
can provide high effective rates, which is inaccessible in 
water in the case of low solubility of reagents. 

It is shown, using the reactions of n-cetylamine with 
PNPA and PNPC as an example, that the second-order 
rate constant is unchanged within the pH range from 8 
to 10. This suggests that the  mechanism of the reactions 
remains unchanged under  these conditions. 

The rate constant of  alkali hydrolysis of the sub- 
strates studied is independent  of the nature of the buffers 
used and of the concent ra t ion  of the buffer components. 
In addition, k~ is considerably lower than ko~ for the 
reactions of PNPA and P N P C  with the primary amines 
(see Table 1). This testifies that the aminolysis under 
the experimental condi t ions  plays a determining role for 
the decomposition of the substrates studied. 

Since detergent ME contain surfactants, they are 
similar in nature to micel lar  solutions. However, the 
properties of each system used as a reaction medium 
differ. For example, it is known that in aqueous micellar 
solutions the rates of react ions of esters with the primary 
amines depend substantially on the composition of mixed 
micellar aggregates and o n  the site of localization of the 
reagents, which is de termined by their hydrophoby. II 
For the ME studied, the value of the hydrophoby factor 
is not substantial: the react ion rates of both PNPA and 
PNPC with the amines are independent of the length of 
the alkyl radical of the nucleophile;  for example, the k~ 
value is almost the same for ethylamine and n-octa- 
decylamine (see Table 2). 

In a wide range of  concentrations for the whole 
series of amines considered, the same ratio of the obser- 
ved cotastants of the i r  reactions with PNPA a~ld 
PNPC as for the a lka l i  hydrolysis is retained: 

ko~(PNPA)/koo~(PNPC) ~ % ( P N P A ) / / % ( P N P C )  ~ 10. 
In micellar solutions, this r a t i o  changes strongly as the 
concentration of the reagents and their hydrophoby 
change. I1 This behavior can b c  associated with the  fact 
that in ME the process occu r s  on the surface of a 
microglobule. Therefore, the local iza t ion  of the nuc leo-  
phile and substrata in one phase ,  which is so substantial  
in micellar systems, does not p l a y  a determining role in 
the case of ME. 

The change in the ratio of c o m p o n e n t s  in ME results 
in the change in the reac t ion  rates of nucleophil ic 
substitution in the substrates s tud ied .  When the con ten t  
of water in the system increases from 50 to 80 wt.%, the 
rate constants of the reactions o f  PNPA and PNPC with 
the primary amines increase by 2--3 times (see Table  3). 
This can be associated with the increase in the surface of 
the interface due to the increase  in the volume o f  the 
aqueous phase S and with the inc rease  in the polarity of 
ME, which is a favorable f ac to r  for SN2 processes. 

This work was financially suppor ted  by the Russian 
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