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Abstract—The catalytic effect of micellar systems based on alkylated 1,4-diazabicyclo[2.2.2]octanes on the
alkaline hydrolysis of butyl chloromethyl 4-nitrophenyl phosphonate is reported. The catalytic effect is due
to the reactants concentrating in the micellar phase. It increases with an increase in the hydrophobicity of the
surfactant. The bicyclic surfactant manifests the higher efficiency than its cyclic and noncyclic analogues.
The micellization properties of alkylated 1,4-diazabicyclo[2.2.2]octanes in aqueous solutions have been
investigated by the NMR method. An increase in the hydrophobicity of the surfactant decreases the critical
micelle concentration and increases the hydrodynamic radius and aggregation numbers of the micelles.
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Organized solutions of surfactants find wide use in
present-day technologies aimed at producing biomi-
metic catalytic and sensor systems, protective coat-
ings, nanocontainers, and nonviral vectors [1—3]. The
usability of amphiphiles for these purposes is due to
their surface activity and their capability for self-orga-
nization at the interfaces and in the solution bulk and
for solubilization of a wide variety of organic com-
pounds. One of the most promising applications of
organized solutions is design of catalytic compositions
and synthesis of monodisperse nanoparticles. The effi-
ciency of such systems is largely determined by the
choice of the surfactant structure and concentration.
Thus, surfactants of the new type and their catalytic
activity are of practical interest.

Cationic surfactants substantially affect the rate of
ion—molecule reactions through Coulomb interaction
with ionic reactants [4]. It is in cationic micelles that
efficient catalytic acceleration of nucleophilic substi-
tution reactions, such as the hydrolysis of organic and
bioorganic substrates, takes place. At present, the
main lines of improvement of micellar catalysts are

enhancing the efficiency and selectivity of catalytic
systems and reducing the surfactant concentration.
This can be achieved by varying the surfactant struc-
ture, including the nature of the head group, and by
passing to dimeric (geminal) surfactants. Systematic
investigation of the influence of the chemical structure
of the surfactants on their micellization properties and
functional activity is expected to provide insight into
the behavior of amphiphilic compounds and to con-
tribute to solution theory.

Hydrophobized derivatives of 1,4-diazabicy-
clo[2.2.2]octane, which are cationic surfactants with a
bicyclic head group, can act as ionic liquids [5] and
catalysts for the cleavage of phosphodiester bonds in
RNA [6] and for the hydrolysis of 4-nitrophenyl
diphenyl phosphate [7]. In the present work, we inves-
tigated catalytic systems based on alkylated 1,4-diaz-
abicyclo[2.2.2]octanes (ADs) with different degrees of
hydrophobicity. The influence of these surfactants on
the alkaline hydrolysis of butyl chloromethyl 4-nitro-
phenyl phosphonate (BCNP) in aqueous solutions
was studied.
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A comparative analysis of the influence of the bicyclic
structure of the head group of the surfactants on their
catalytic effect was performed using cetyltrimethy-
lammonium bromide (CTAB), cetylpyridinium bro-
mide (CPB), and a morpholinic surfactant (MS).

The catalytic acceleration of reactions in micellar
systems occurs due to the formation of surfactant
aggregates and the transfer of the reactants to the
micellar pseudophase. Therefore, one of the tasks of
our study was to estimate aggregation in solution. For
this purpose, we investigated the micellization of the
surfactants by pulsed field gradient NMR and ana-
lyzed the concentration dependences of the self-diffu-
sion coefficient of the free and micellar components of
the surfactants and the distribution of the surfactant
molecules over these components.

EXPERIMENTAL

The bicyclic surfactant AD-12 was synthesized by
reacting 1,4-diazabicyclo[2.2.2]octane (DABCO)
with dodecyl bromide in acetone. An equimolar
amount of a dodecyl bromide solution was added
dropwise to a stirred solution of DABCO cooled to
18°C. The reaction mixture was stirred for 1 h at room
temperature and for 30 min at 45—50°C. Excess sol-
vent was distilled off in vacuo. The resulting salt pre-
cipitate was separated by filtration, recrystallized from
acetone, and dried in vacuo. The compounds AD-14,
AD-16, and AD-18 were synthesized in a similar way
and were recrystallized from an acetone—methanol
mixture. Their structures were confirmed by elemental
analysis, 'H NMR, and IR spectroscopy. The com-
pound MS was obtained by the quaternization of
N-methylmorpholine with cetyl bromide [8]. BCNP
was synthesized via a standard procedure [9]. The sur-
factants CTAB and CPB (Sigma) were purified by
recrystallization from an acetone—ethanol mixture. Bid-
istilled water was used in the preparation of solutions.

The self-diffusion coefficients of the surfactant
molecules in aqueous solutions were measured on an
AVANCE 400 NMR spectrometer (Bruker) using a
pulsed magnetic field gradient (G) of up to 0.53 T/m.
The self-diffusion coefficients (D) were derived from
the decrease in the integral intensity of stimulated spin
echo signals from protons of various groups of the alkyl
and cyclic moieties of AD, which occurred due to the
change in the field gradient in a series of three consec-
utive 90° pulses:

I(G) = I, exp [—(yESG)2 D(A - %)}

where v is the gyromagnetic ratio of the nucleus (pro-
ton), d is the gradient pulse duration, and A is the time
interval between the gradient pulses. Depending on
the self-diffusion coefficient values to be measured, &
and A were varied from 6 to 10 ms and from 50 to
70 ms, respectively. These times are substantially
longer than the time of exchange of molecules
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between the free and micellar components of the solu-
tion. The self-diffusion coefficient of a molecule was
determined by averaging the values obtained by an
analysis of the proton resonance signals from different
moieties. The self-diffusion coefficient measurement
error at high surfactant concentrations was ~2%,
whereas at low concentrations the error was ~5%. The
sample temperature was maintained at 25°C using the
temperature control system of the spectrometer.
When analyzing the concentration dependence of
the self-diffusion coefficients of the surfactant mole-
cules, we used the pseudophase model of micellization
[10], in which the critical micelle concentration
(CMC) is considered as the point of transition
between the monomeric (free) and aggregated states of
the surfactant in solution. Under the conditions of fast
exchange between the free and micellar components,
the observed self-diffusion coefficient of the surfactant
molecules in solution (D,,,) can be presented as [11]

Dobs = pferr + mem7

where p;. and p,,, are the fractions of the free and micel-
lar components of the surfactant in the solution and
Dy and D, are the self-diffusion coefficients of the free
and micellar components of the surfactant.

The self-diffusion coefficients of micelles is deter-
mined using a very small amount of a hydrophobic
substance (solubilizate), whose molecules penetrate
into the micelles and diffuse together with them [11].
Accordingly, the self-diffusion coefficient of micelles
(D,,) is measured as the decrease in the intensity of the
NMR line corresponding to protons of the solubili-
zate. In our experiments, hexamethyldisiloxane
(CH;);SiOSi(CH3); (HMDSO) was used as the solu-
bilizate. It is assumed that the presence of solubilizate
molecules in the micelles does not cause serious errors
in the determination of the self-diffusion coefficients
and sizes of the micelles.

The hydrodynamic radius of micelles (R,) was
determined using the Stokes—Einstein equation

R.=kT /6T[T'|D,?], where 1 is the viscosity of deuter-

ated water (1.1 cP at 25°C), and Dfn is the self-diffu-
sion coefficient of the micelles determined by the
extrapolation of the concentration dependence of D,
to the zero micelle concentration.

The reaction kinetics was studied by UV spectro-
photometry as the increase in the absorbance due to
the 4-nitrophenolate anion at 400 nm on a Specord
UV-Vis spectrophotometer in temperature-controlled
cells. The apparent rate constants of the reaction (k,,,)
were determined using a first-order equation. The
concentration of the substrate (BCNP) at the begin-
ning of the reaction was 1 x 10~* mol/1.

The 3'P NMR spectra of BCNP and its hydrolysis
product were recorded on a Bruker MSL-400 spec-
trometer (162 MHz). The chemical shifts of the 3'P
lines of the substrate and products were determined
relative to an external standard (H;PO,). The phos-
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Fig. 1. Observed self-diffusion coefficient of (/) AD-12, (3) AD-18, (5) AD-14, and (2, 4, 6) HMDSO versus the concentration
of (a) AD-12 and AD-18 and (b) AD-14. Inset in Fig. 1b: D, versus the inverse concentration of AD-14. The measurements

were carried out in D,O solutions at 25°C.

phonate, AD-14, and NaOH concentrations in solu-
tions were 0.02, 0.05, and 0.04 mol/1, respectively. The
chemical shift of the 3'P line of BCNP is 17.7 ppm.

RESULTS AND DISCUSSION
Self-Organization of the AD-Based Systems

Self-organization in AD solutions was studied as
the dependence of the surfactant self-diffusion coeffi-
cient on the concentration of amphiphilic molecules.
Figure 1 plots the concentration dependences of the
self-diffusion coefficient of AD-12, AD-14, and AD-
18 molecules dissolved in heavy water and shows the
variation of the self-diffusion coefficient of the hydro-
phobic probe HMDSO, which was used to determine
the self-diffusion coefficient of the micelles. The self-
diffusion coefficients of all of the compounds remain
unchanged up to a certain surfactant concentration
identified as CMC. These self-diffusion coefficients
are 4.4 x 1071°,4.2 x 1071°, and 3.3 x 107'° m?/s for
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AD-12, AD-14, and AD-18, respectively. This can be
considered to be evidence of the monomeric state of
the surfactant molecules. The self-diffusion coeffi-
cients decrease at concentrations higher than the
CMC (Fig. 1), which indicates the self-association of
the surfactant molecules. The change in D, is caused
by the decrease in the concentration of free molecules
(Cy,) and by the increase in the concentrations of mol-
ecules in the micelles (C,,). This is confirmed by the
concentration dependences of p; and p,, for AD-12
(Fig. 2). Below the CMC, C;,. = Cy,,4; i.€., all surfactant
molecules dissolved in water are in the monomeric
state (pg, = 100%, p,, = 0%). At the surfactant concen-
trations higher than the CMC, the compensation
character of the dependences is observed: p;, decreases
and p,, increases to ~100%.

At high surfactant concentration, the concentra-
tion dependences of the surfactant and HMDSO self-
diffusion coefficients coincide (Fig. 1), confirming
that aggregation takes place. Because the hydrophobic
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Fig. 2. Fraction of (/) free and (2) micellized AD-12 mol-
ecules versus the surfactant concentration at 25°C.

probe is water-insoluble, the signal from HMDSO is
detected only after the CMC of the surfactant is
reached, when the probe is solubilized by the micelles,
as is observed in the AD-12 and AD-14 solutions. In
the solutions of AD-18 at the surfactant concentra-
tions below the CMC, the self-diffusion coefficient of
HMDSO is two orders of magnitude lower than the
self-diffusion coefficient of the monomeric form of
AD-18. Probably, the signal of HMDSO included in
the emulsion droplets formed by the probe molecules
in the aqueous medium is detected in this concentra-
tion range. The smooth increase in the self-diffusion
coefficient of the probe with an increase in the surfac-
tant concentration is due to the gradual HMDSO sol-
ubilization by the micelles taking place as the concen-
tration of the latter increases.

The CMC value can most precisely be determined
from the dependence of D, on 1/Cg,¢[11]. The thus-
determined CMC values for AD-12, AD-14, and AD-
18 are 1.5 x 1072, 3.4 x 1073, and 1.1 x 10~* mol/l,
respectively (see, e.g., inset in Fig. 1b). The CMC of
AD-16 measured by us earlier was 8.5 x 10~* mol/1.
The dependence of the CMC on the number of carbon
atoms in the surfactant radical (n) is expressed by the
formula

logCMC = 4 — Bn, (D

where 4 and B are constant characteristics of different
homological series and different temperatures [12].
The above values of CMC are well described by Eq. (1)
(correlation factor of 0.996) at 4 = 2.4 and B = 0.35.

The values of R, for the AD-12 and AD-14 micelles
found using the Stokes—Einstein equation are 19.1
and 24.0 A, respectively. The radii of the AD-12 and
AD-14 micelles should be 15.1 and 20.0 A, respec-
tively with allowance made for the presence of a water
monolayer in the hydration shells of the head groups
(the diameter of the D,O molecule was accepted to be
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4 A). We divided the volume of a micelle, V,, = 4nR3/3,
by the volume of a surfactant molecule, V,,,, = M/pN,,
where M is the molecular weight, p is the density of the
surfactant in the micelles (considered to be equal to
the density of the surfactant in the solid state, i.e., 1 x
103 kg/m?), and N, is Avogadro’s number, and found
that the aggregation number N for the AD-12 and AD-
14 micelles is 24 and 52, respectively. The parameters
R, and N were not estimated from the measured self-
diffusion coefficients of the AD-18 micelles because of
the low accuracy of the extrapolation of the concen-
tration dependence of D,, to the zero micelle concen-
tration. The parameters of the emulsion droplets of
HMDSO (M = 162, p = 764 kg/m?) were determined
by the same method. In the systems based on AD-18,
they were R, = 233 A and N = 1.5 x 10°. These data
indicate that the HMDSO droplets are considerably
larger than the micelles and consist of a great number
of molecules. That is why their self-diffusion coeffi-
cient is lower than that of the micelles.

Catalytic Effect of the Micellar Systems

The mechanism of the alkaline hydrolysis of butyl
chloromethyl 4-nitrophenyl phosphonate is con-
firmed by the data of UV spectrophotometry and 3'P
NMR spectroscopy. The formation of the 4-nitrophe-
nolate anion was detected as the appearance of an
absorption band at 400 nm during the reaction. The
resulting butylchloromethylphosphonic acid is char-
acterized by a 3'P NMR signal at 8 = 13.8 ppm in the
absence of the surfactant and at 13.4 ppm in the pres-
ence of AD-14.

The concentration dependences of the apparent
rate constant of alkaline hydrolysis in solutions of
0.001 mol/I NaOH in the presence of AD pass through
an extremum (Fig. 3a) and are described by the equa-

tion of the pseudophase model of micellar catalysis
[10]:

o = kyo + (kz,m/V) KsKxu (Csurr —CMC)
2,app (1 + KSCSurf) [1 + KNu (CSurf - CMC)] ’

where k, ,,,, is the apparent second-order rate constant
obtained by dividing k,,, by the nucleophile concen-
tration; k,, and k,,, are the second-order rate con-
stants in the solvent bulk and in the micellar
pseudophase, respectively; V is the molar volume of
the surfactant; and Kg and Ky, are the substrate—
micelle and nucleophile—micelle binding constants,
respectively.

The parameters calculated using Eq. (2) for the
micelle-catalyzed process are given in Table 1. Clearly,
k, m depends weakly on the hydrophobicity of the sur-
factant. Only the k,,, for AD-12 is somewhat larger
than the k, ,, values for the other homologues. This is
likely explained by the fact that polarity in the locus of
the reactants in the micelle changes to a lesser extent
than in water. The cetyl homologue is characterized by

()
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the highest binding constant. The binding constant of k

- x 102, 57!
the hydroxide ion and the maximum acceleration of app

the process (k,p/ko)max inCrease with an increasing 24
length of the hydrocarbon radical of the surfactant. In (a)
terms of the Berezin model (Eq. (2)), the maximum 20L
acceleration of the process is described by the equation
16 -
(kapp/ko)max :@Auz 3)
koo v (KS* + KR3) 120
where the first factor on the right-hand side accounts sl
for the change in the microenvironment of the reac-
tants upon their transfer from the solvent to the micel- 4l 2
lar phase (factor F},) and the second factor accounts
for the effect of the reactant concentrating in the R 5 A
micellar phase (factor F.). U M M
According to the data in Table 1, for all surfactants B 006 008
F, is below unity and F, ranges from several tens to  Xapp S Surp> MO/
several hundreds. Rather high values of F, counterbal- 0.12 - 6 (b)
ance the negative effect of the micellar microenviron- ]
ment factor. Due to this, the net effect of the micelles, 0.10 |
equal to the product of F, and F,,, is positive and
reaches a factor of ~60 with an increasing length ofthe ¢ o8 |
hydrocarbon radical of AD. The weak effect of the
starting nonalkylated 1,4-diazabicyclo[2.2.2]octane () ¢ |
on BCNP hydrolysis also indicates the favorable influ-
ence of the hydrophobicity of the surfactant with the 0.04 L
bicyclic head group. Aqueous solutions of nonalky- )
lated 1,4-diazabicyclo[2.2.2]octane have pH 10.47.
The dependence of the apparent first-order reaction 0.02 -
rate constant of alkaline hydrolysis of the substrate on
the DABCO content (Cp) is linear (Fig. 3a) and is 0

described by the equation k,,, = 0.001 + 0.018Cp,. In '
the DABCO concentration range (<0.1 mol/1), the 0
maximum catalytic effect is 2.8.

| | 1 | | |
0.001 0.002 0.003 0.004 0.005 0.006
Cgye; mol/1

In addition to elucidating the influence of hydro-
phobicity on the catalytic effect of the surfactant, we
compared the effects of AD-16 and surfactants having
a cyclic or noncyclic head group.

The apparent rate constants of alkaline BCNP
hydrolysis in micellar solutions of CPB, MS, and
CTAB are shown in Fig. 3b. The rate constant curves

Fig. 3. Apparent rate constant of alkaline BCNP hydrolysis
in aqueous alkali solutions of (a) (/) AD-12, (2) AD-14,
(3) AD-16, (4) AD-18, and (5) DABCO and (b) (6) CPB,
(7) MS, and (8 CTAB versus the surfactant concentra-
tion; Cnaop = 1073 mol/1, 25°C.

where k,, and k; are the first-order reaction rate con-

tend to a plateau. They were fitted the following equa-
tion [13]:

_ kaS (CSurf B CMC) + kO

stants in the micellar phase and in the solvent bulk,
respectively. The parameters calculated using Eq. (4)
are listed in Table 2. Clearly the CMC values for CPB,

(4) MS, and CTAB are smaller than those for their bicy-

™ 14 Kg(Csyr — CMC)

Table 1. Parameters of the alkaline hydrolysis of BCNP catalyzed by ADs in aqueous solutions of NaOH (0.001 mol/1) at 25°C

Surfac- k) s CMC x 10%,
tant | 1moptst | Ks:Vmol | Ky V/mol | (Kypp/ko)max | Fm F, FoxFe |77
AD-12 0.91 330 10 7.7 0.29 24.7 7.2 120
AD-14 0.43 2000 96 25 0.14 215 30 46
AD-16 0.48 4570 110 41 0.16 274 42 7.5
AD-18 0.56 2560 148 74 0.18 321 58 0.8
KINETICS AND CATALYSIS Vol. 52 No. 2 2011
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Table 2. Parameters of the alkaline hydrolysis of BCNP cata-
lyzed by the cationic surfactants in aqueous solutions of
NaOH (0.001 mol/1) at 25°C

Surfac- -1 CMC x 10%,

tant Kpys s Kg, 1/mol mol/1 ko /ko
CPB 0.13 2400 4.9 37
MS 0.10 1300 5.7 29
CTAB 0.099 1200 4.6 28

clic analogue (AD-16, see Table 1); i.e., the micelliza-
tion of the latter is somewhat more difficult. However,
the constant of binding of the substrate with the
micelles of the bicyclic surfactant and the catalytic
effect of the latter on the alkaline hydrolysis of BCNP
are higher than those of the cyclic surfactants and
CTAB (compare Tables 1 and 2).

It was of interest to carry out BCNP hydrolysis cat-
alyzed by AD micelles at a lower alkalinity of the solu-
tion, i.e., under milder conditions. For this purpose,
we studied the decomposition of the phosphorus sub-
strate in the borate buffer at pH 9.18 in the presence of
AD-18. In this case, the situation is complicated by
the possibility that BCNP hydrolysis is accompanied
by the interaction of the substrate with the buffer com-
ponent of the solution (tetraborate anion). In this
case, the contribution from this interaction depends
on the concentrations of both the borax and surfactant
(Figs. 4, 5). A decrease in the borax concentration
decreases k,,, of the catalyzed reaction (Fig. 4), and
the extrapolation of these dependences to the zero

borax content makes it possible to determine k,,, for

k.
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Fig. 4. Apparent rate constant of the nucleophilic substitu-
tion in BCNP in micellar solutions of AD-18 versus the
borax concentration at AD-18 concentrations of (/) 2 x
1074, (2) 6 x 1074, (3) 2 x 1073, and (4) 5 x 103 mol/I;
borate buffer, pH 9.18, 25°C.
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the hydrolysis of the substrate. The plots of the appar-
ent rate constant of BCNP decomposition versus
Cup. 15 at different borax concentrations are shown in
Fig. 5. As in the case of the above-described alkaline
solutions (Fig. 3a), k,,, as a function of the surfactant
concentration passes through an extremum and is
described by Eq. (2). The parameters calculated using
Egs. (2) and (3) for the catalyzed reaction are pre-
sented in Table 3. The decrease in the borax content of
the solution is accompanied by an increase in the reac-
tion rate constant in the micellar pseudophase, in the
substrate—micelle binding constant, and in the cata-
Iytic effect of the aggregates. The strongest catalytic
effect, characterized by a factor of 220, is achieved
when the buffer component of the solution is entirely
absent. This demonstrates that the micellar aggregates
of the bicyclic surfactant exert a stronger effect the
hydrolysis of BCNP in less alkaline solutions. In addi-
tion, as in the 0.001 M NaOH solutions, in the borate
buffer solutions the catalytic effect of the micellar
aggregates on the hydrolysis process is governed by
reactant concentrating in the micellar pseudophase
(Tables 1, 3).

Thus, the concentration dependence of the self-
diffusion coefficient of the molecules of alkylated 1,4-
diazabicyclo[2.2.2]octanes in aqueous solutions was
studied by the NMR method. The critical micelle
concentrations, hydrodynamic radii, and aggregation
numbers of the micelles were determined. With an
increasing number of carbon atoms in the alkyl radical
chain of the AD molecules, the self-diffusion coeffi-
cients of the monomeric molecules (below CMC) and
the CMC of the surfactants decrease. The cationic
surfactants catalyze the hydrolysis of butyl chlorome-

kapp X 102, 57!

32} 0
241
1.6F
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| |
0.004 0.005
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Fig. 5. Apparent rate constant of the nucleophilic substitu-
tion in BCNP in micellar solutions of AD-18 versus Cg,.¢

at borax concentrations of (1) 0, (2) 5 x 1073 ,(3)1x 10’2,

(4)2x1072,(5)3x 1072, and (6) 5 x 102 mol/1; pH 9.18,
25°C.
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Table 3. Parameters of the nucleophilic substitution in BCNP catalyzed by AD-18 in borate buffer solutions at pH 9.18 and 25°C

Coorax> Ky m» CMC x 10%,

o | et | K /mol | Ko 1/mol | (kypp/Ko)max F,, F, F, x F, mol/

0 2.1 1550 204 220 0.59 366 220 1.8

0.005 0.0085 1030 201 40 0.13 323 40 1.4

0.01 0.0048 854 252 41 0.11 353 40 1.4

0.02 0.0029 825 310 39 0.1 398 40 1.5

0.03 0.0024 750 323 37 0.094 392 37 1.4

0.05 0.0018 495 319 28 0.084 328 27 1.7
thyl 4-nitrophenyl phosphonate. Their catalytic activ- 3. Mintzer, M.A. and Simanek, E.E., Chem. Rev., 2009,

ity depends on the structure of the head group of the
surfactant and increases in the order CTAB = MS <
CPB < AD-16. The catalytic effect of aggregates of
alkylated 1,4-diazabicyclo[2.2.2]octanes increases
with an increase in their hydrophobicity and with a
decrease in the alkalinity of the solution and can
enhance the reaction rate by a factor of several hun-
dreds.

ACKNOWLEDGMENTS

This work was supported by the Russian Founda-
tion for Basic Research (project no. 09-03-12260-
ofi_m) and by the President of the Russian Federation
(grant no. MK-2332.2009.3).

REFERENCES

1. Dwars, T., Paetzold, E., and Oehme, G., Angew. Chem.,
Int. Ed. Engl., 2005, vol. 44, no. 44, p. 7174.

2. Khan, M.N., in Micellar Catalysis, New York: CRC,
2006.

KINETICS AND CATALYSIS MWl. 52  No.2 2011

11.

12.

13.

vol. 109, no. 2, p. 259.

. Holmberg, K., Curr. Opin. Colloid Interface Sci., 2003,

vol. 8, no. 2, p. 187.

. Vecchi, A., Melai, B., Marra, A., Chiappe, C., and

Dondoni, A., J. Org. Chem., 2008, vol. 73, no. 16,
p. 6437.

. Tamkovich, N.V., Malyshev, A.V., Konevets, D.A.,

Sil’nikov, V.N., Zenkova, M.A., and Vlasov, V.V,
Bioorg. Khim., 2007, vol. 33, no. 2, p. 251.

. Menger, EM. and Persichetti, R.A., J. Org. Chem.,

1987, vol. 52, no. 15, p. 3451.

. Minch, M.J., Chen, S.-S., and Peters, R., J. Org.

Chem., 1978, vol. 43, no. 1, p. 31.
US Patent 2922810, 1960.

. Berezin, 1.V.,, Martinek, K., and Yatsimirskii, A.K.,

Usp. Khim., 1973, vol. 42, no. 10, p. 1729.

Jansson, M. and Stilbs, P., J. Phys. Chem., 1985, vol. 89,
no. 22, p. 4868.

Shinoda, K., Nakagawa, T., Tamamushi, B., and Ise-
mura, T., Colloidal Surfactants, New York: Academic,
1963.

Fendler, J.H. and Fendler, E.J., Catalysis in Micellar
and Macromolecular Systems, New York: Academic,
1975.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


