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Abstract—The aggregation behavior of new cationic hexadecyl surfactants with one or two alkylcarbamate
fragments in the head group in water was studied using conductometry, spectrophotometry, f luorescence
spectroscopy, and dynamic light scattering, and their catalytic action in hydrolytic processes was examined.
Kinetic parameters of the alkaline hydrolysis of carboxylic acid esters (p-nitrophenyl acetate and p-nitrophe-
nyl caprinate) were obtained upon the variation of the structures of surfactant head groups and the pH of
solution. It was shown that the catalytic effect of micelle-forming surfactants with a single carbamate frag-
ment is higher than that of the corresponding dicarbamate compounds, and it decreases with the alkyl chain
length of substituents in head groups. It was found that carbamate surfactants capable of vesicle formation
accelerate the hydrolysis of the test esters to a greater extent than their analogs forming micelles: the observed
acceleration of the process can exceed two orders of magnitude in the case of a compound with the decyl sub-
stituent in a carbamate fragment.
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INTRODUCTION
Compositions based on cationic surfactants are

widely used in industry, agriculture, and medicine.
They are successfully used as corrosion inhibitors,
detergents, lubricants, supramolecular catalysts, anti-
microbial and disinfecting agents, solubilizers, and
drug carriers [1–5]. Their functional activity is based
on the ability of surfactants to form nanosized aggre-
gates in solutions, which effectively solubilize hydro-
phobic compounds and affect their reactivity, inte-
grate into biomembranes, bind biologically active sub-
stances, and ensure their delivery to living organisms
[6, 7]. The targeted design of amphiphilic molecules,
the functionalization of their structure by introducing
substituents that make it possible to involve various
mechanisms of aggregation and binding of guest com-
pounds, and the establishment of structure–property
relationships are the ways that will help one to ensure
a high application potential of surfactant-based sys-
tems and serve as the foundation for solving practically
significant problems.

Solutions of cationic surfactants used as a reaction
medium can strongly affect the properties of solubi-
lized reagents, which make it possible to directionally
control the rate and, in some cases, the mechanism of
processes occurring in them [8–12]. The morphology of
aggregates formed in surfactant solutions and the possi-
bility of structural rearrangements induced by changes in
concentration or external conditions have a significant
effect on their functional properties [13, 14].

Cationic surfactants are traditionally used in micel-
lar catalysis for the hydrolytic cleavage of ester bonds
[15–18]. The catalytic effect is caused by the noncova-
lent binding of reactants with micelles mainly due to
hydrophobic and electrostatic interactions, which lead
to the concentration of reacting species in the dis-
persed phase and to a change in their microenviron-
ment. The observed process acceleration strongly
depends on the structure of the surfactant and on the
presence of structural fragments that make it possible
to use various mechanisms of reactant binding.

In this work, we continued our cycle of studies on
cationic surfactants containing a carbamate fragment
in the head group, which are capable of forming aggre-
gates of various morphologies in a low concentration
range and are distinguished by a high solubilization

Abbreviations and notation: DABCO, diazobicyclooctane; CAC,
critical aggregation concentration; CMC, critical micelle con-
centration; CTAB, cetyltrimethylammonium bromide; PNPA,
p-nitrophenyl acetate; and PNPC, p-nitrophenyl caprinate.
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and membranotropic effect [19–22]. The possibility of
using surfactant solutions of this class as a medium for
hydrolytic processes is considered for the first time. In
order to reveal the effect of the structure of hexadecyl
mono- and dicarbamate surfactants on the ability to exert
a catalytic effect, a comparative analysis of their aggrega-
tion behaviors in aqueous solutions and kinetic data

characterizing the alkaline hydrolysis reactions of car-
boxylic acid esters in them was carried out.

The range of test materials included some com-
pounds obtained earlier along with new surfactants.
The structural formulas of the test surfactants are pre-
sented below.

EXPERIMENTAL
The carbamate-containing compounds were syn-

thesized by reactions of dimethyl(2-hydro-xyethyl)-
hexadecylammonium bromide or methyl-di-
(2-hydroxyethyl)hexadecylammonium bromide with
alkyl isocyanates using diazobicyclooctane (DABCO)
as a catalyst according to a published procedure [19,
21]. The structure of the compounds was confirmed
by IR and NMR spectroscopy, mass spectrometry,
and elemental analysis data. Commercial samples of
p-nitrophenol, p-nitrophenyl acetate, p-nitrophenyl
caprinate, pyrene, and cetyltrimethylammonium bro-
mide from Sigma-Aldrich were used in this study.
Solutions were prepared using water purified on a
Direct-Q 5 UV unit (Merck Millipore, France)
(pH 6.8–7.0, χ = 2–3 μS/cm). Buffer solutions based
on sodium tetraborate (pH 9.2) with the addition of
sodium hydroxide (to pH 10.0) or hydrochloric acid
(to pH 8.5) were used for kinetic experiments. The val-
ues of pH in the test solutions were monitored using a
Hanna 211 laboratory pH meter (Hanna, Germany).
The specific electrical conductivity of the samples was
measured with an Inolab Cond 720 conductometer
(WTW, Germany).

The sizes of obtained aggregates in solutions were
determined on a Malvern ZetaSizer Nano photon cor-
relation spectrometer for dynamic and electrophoretic
light scattering (Malvern Instruments, the United
Kingdom). The source of laser radiation was a He–Ne
gas laser with a power of 10 mW and a wavelength of
633 nm. The light scattering angle was 173°. The pulse
accumulation time was 5–8 min. Signals were ana-
lyzed using a single-board multichannel correlator

connected to an IBM PC compatible computer
equipped with a software package for estimating the
effective hydrodynamic radius of dispersed particles.

The surface potential of the aggregates was esti-
mated using a spectrophotometric method by studying
changes in the acid–base properties of an indicator
(p-nitrophenol) depending on the surfactant concen-
tration in accordance with published procedures [16,
23]. Spectral measurements were performed using a
Specord 250 Plus spectrophotometer (Analytik Jena,
Germany) with quartz cells with an optical path length
of 1 cm at a temperature of 25°C.

The observed value of pKa,obs was calculated using
the Henderson–Hasselbach equation

(1)

The value of the observed dissociation constant at
Csurfactant → ∞ was taken as the dissociation constant of
p-nitrophenol in the micellar phase (Ka,m).

The obtained values of pKa,m are related to the sur-
face potential of a micelle by the equation

(2)

where pKa,0 is the nonelectrostatic component defined
as pKa,obs of p-nitrophenol in micellar solutions based
on nonionic surfactants (in Tween 80, probe pKa =
7.6); F = 96485 C mol–1 is the Faraday constant; R =
8.314 J K–1 mol–1 is the gas constant; and Ψ is the sur-
face potential.
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Fig. 1. Concentration dependence of the electrical con-
ductivity (χ) of aqueous solutions of carbamate-containing
surfactants at T = 25°C. 
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Fluorescence spectra of pyrene at a concentration

of 1 × 10–6 mol/L in surfactant solutions were

recorded using a Cary Eclipse spectrophotometer

(Varian, the United States) at 25°С. Emission spectra

were recorded in a range of 350–500 nm; the sample

excitation occurred at a wavelength of 335 nm, the

thickness of the absorbing layer was 1 cm, and the

scanning rate was 120 nm/min.

The kinetics of alkaline hydrolysis of carboxylic

acid esters was studied by spectrophotometry on a

Specord-250 Plus instrument (Analytik Jena, Ger-

many) using thermostatically controlled quartz cells.

The course of the process was monitored by changes in

the optical density of solutions at a wavelength of

400 nm, which corresponds to the absorption maxi-

mum of the p-nitrophenolate anion. The initial sub-

strate concentration was (2–5) × 10–5 mol/L, and the

degree of conversion was higher than 90%. The

observed rate constants (kobs) were determined from

the dependence ln(D∞ – D) = –kobst + const, where D
and D∞ are the optical densities of the solution at the

point in time t and at the end of the reaction, respec-

tively. The values of kobs were calculated by the least

squares method.

The error of all measurements did not exceed 4%.

RESULTS AND DISCUSSION

The first stage of studying the properties of carba-

mate surfactants traditionally included a study of their

behavior in aqueous solutions and the establishment

of concentration and temperature boundaries of

aggregation, which predetermine the area of their

functional activity. The values of critical aggregation

concentration (CAC) and the Krafft temperature (TKr)

were found by conductometry. As an example, Fig. 1

shows typical dependences that allow one to deter-

mine the CACs of the test compounds. Table 1 sum-

marizes the results obtained for new surfactants in
KINETICS AND CATALYSIS  Vol. 63  No. 3  2022

Table 1. Aggregation characteristics of mono- and dicarbama
ons (β), and Krafft points (TKr) of the test carbamate surfacta

Surfactant
CAC × 10–3, mol/L

conductometry fluori

CB-2-16 [19] 0.62 0.

CB-4-16 [19] 0.32 0.

CB-6-16 0.07 0.

CB-8-16 0.05* 0.

CB-10-16 0.04* 0.

CB-2,2-16 0.55 0.

CB-4,4-16 0.13 0.

CTAB 0.90 ‒

Dashes indicate that the corresponding parameters were not 
comparison with data for compounds synthesized ear-

lier [15, 19]. In the case when micelles are formed in

surfactant solutions, the term CAC is replaced by a

more particular definition—the critical micelle con-

centration (CMC).

The CAC decreases with the length of an alkyl rad-

ical in the carbamate fragment and on going from

mono- to dicarbamate derivatives. The values found

for these compounds are significantly lower than the

CMC of their trimethylammonium analogue, cetyl-

trimethylammonium bromide (CTAB). This is proba-

bly due to the ability of carbamate compounds to form

hydrogen bonds [24], which facilitates the processes of

their self-organization in aqueous solutions. The

Krafft points of the carbamate surfactants CB-2-16,

CB-4-16, and CB-2,2-16 are below 15°C (Table 1),

which indicate the possibility of working with these

compounds in a wide temperature range. The com-
te hexadecyl surfactants: CAC, degree of binding of counteri-
nts

β TKr

metry

71 0.54 15

34 0.51 10

10 0.51 19

06* 0.36 ‒

05* 0.41 ‒

52 0.57 16

10 0.45 24

0.74 25

determined in this work. *CMC.
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Fig. 2. Particle size distributions (averaged over the number of particles) in the solutions of (a) CB-2,2-16 and (b) CB-10-16. 
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pounds CB-6-16 and CB-4,4-16 have a higher tem-

perature threshold of micellization, but they are capa-

ble of aggregation at significantly lower concentrations

than their analogs with a short alkyl substituent in the

head group. The limited solubility of the compounds

CB-8-16 and CB-10-16 in water did not allow us to

reliably determine the values of TKr for them.

The degree of binding of counterions (β) by

micelles was calculated from the concentration depen-

dences of the electrical conductivity of carbamate sur-

factants (Fig. 1): β = 1 – α, where α is the degree of

dissociation determined as a ratio between the slopes

of linear sections before and after the point of change

in the slope (Table 1). The values of β for the studied

surfactants did not differ much from each other; how-

ever, they were significantly lower than that in the case

of the reference compound CTAB. This suggests that,

for carbamate surfactants, counterions compensate

the charge of the head groups to a lesser extent, which

should be reflected in lower aggregation numbers.

Using dynamic light scattering, we found that the

monocarbamate surfactants CB-2-16, CB-4-16, and

CB-6-16 in aqueous solutions above CACs form

aggregates with a hydrodynamic diameter of 3–10 nm,

which, as a rule, corresponds to the formation of

spherical micelles (Fig. 2a). Similar results were

obtained for the dicarbamate surfactants CB-2.2-16

and CB-4,4-16. In the case of CB-10-16, larger aggre-

gates were detected in solutions. Their size remained

almost unchanged in a wide range of concentrations

and was 80–110 nm, while the polydispersity index

varied in a range from 0.2 to 0.3 (Fig. 2b). The aggre-

gate size of about 100 nm, which did not depend on

surfactant concentration, is a characteristic sign of the

appearance of vesicles in solutions. Previously, we also

observed spontaneous formation of vesicles for other

carbamate surfactants with a dodecyl radical in the

head group and found that a change in the concentra-

tion of the compound CB-8-16 can initiate a transi-

tion from micelles to vesicles [21]. It can be expected

that surfactants of the same family, which form aggre-

gates of different morphology in solutions, will exhibit

different catalytic effects when they are used as a reac-

tion medium.

We tested the solutions of surfactants with a carba-

mate fragment in the processes of the alkaline hydro-

lysis of carboxylic acid esters. Kinetic experiments to

study the hydrolysis of p-nitrophenyl acetate (PNPA)

and p-nitrophenyl caprinate (PNPC) were carried out

under conditions of changing the pH of the medium

and the structure and concentration of surfactants.

The reaction scheme of the process under study is pre-

sented below:
KINETICS AND CATALYSIS  Vol. 63  No. 3  2022
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NO2

O R

O
+ 2OH− O NO2 + H2O,+RCOO−

where R = CH  (PNPA) or C H  (PNPC). led to a greater decrease in the surface potential. This
3 9 19

The main factors responsible for the catalytic

action of surfactants in solutions and common to

micelles and vesicles are the concentration of reagents

in the reaction contact zone and the change in their

microenvironment. In the processes of alkaline hydro-

lysis, the factor of concentration of hydroxide ions

near the positively charged surface of an aggregate

mainly depends on its surface potential, while the

polarity of the microenvironment depends on the

localization of a substrate and the hydrophobicity of

an inner core. In micellar solutions, these two param-

eters are frequently determined by spectral probes. In

the first case, p-nitrophenol is used, the pKa value of

which changes significantly due to electrostatic inter-

actions with a micelle and selective sorption of the

anionic form of the probe near its surface [23]. In the

second case, a hydrophobic f luorescent pyrene probe

is used, which reacts finely to changes in the microen-

vironment in the course of its solubilization by

micelles. The approaches used to characterize micellar

systems were extended in this work to surfactant solu-

tions, where the formation of vesicles is observed. By

analogy with published data [23], we used the spectro-

photometric method described in detail in the Exper-

imental section to find the values of pKa,m of p-nitro-

phenol in the solutions of carbamate-containing test

surfactants and Eq. (2) to determine the values of the

surface potentials of aggregates (Table 2).

The values of Ψ found for carbamate surfactants

were lower than those for the nonfunctionalized ana-

log CTAB; in this case, an increase in the number of

carbamate fragments in the head group of surfactants
KINETICS AND CATALYSIS  Vol. 63  No. 3  2022

Table 2. The values of pKa,m for p-nitrophenol in the solu-
tions of carbamate surfactants and the surface potentials
(Ψ) of aggregates of the test compounds

Dash indicates that the corresponding parameter was not deter-
mined in this work.

Surfactant pKa,m Ψ, mV

CB-2-16 5.90 100

CB-4-16 5.81 106

CB-6-16 6.20 83

CB-8-16 6.30 77

CB-10-16 6.2 83

CB-2,2-16 6.08 90

CB-4,4-16 6.30 77

CTAB ‒ 125 [23]
reduced the ability of carbamate surfactants to con-

centrate the hydroxide ion at the surface of aggregates

and impaired their catalytic activity in alkaline hydro-

lysis processes compared to the micellar solutions of

CTAB.

To characterize the micropolarity of the aggre-

gates, we recorded the f luorescence spectra of pyrene

in the solutions of carbamate-containing surfactants

under conditions of varying their concentration. The

intensity ratio between the first 373 nm (I1) and third

384 nm (I3) peaks of this compound [24–26], which is

sensitive to polarity in the probe localization zone, was

a parameter used to evaluate the effect of the medium.

For pyrene dissolved in water, the ratio I1/I3 was 1.6.

The ratio I1/I3 < 0.6 was noted when the probe was dis-

solved in nonpolar solvents. If pyrene was located in

the surface layer of micelles, the ratio I1/I3 was in a

range of 1.0–1.4 [26]. The course of dependence

I1/I3 = f(Csurfactant) (Fig. 3) reflects the process of

aggregate formation in solutions, and it is character-

ized by two segments with different slopes, the inter-

section point of which corresponds to the value of

CAC (or CMC). The values obtained by the f luores-

cence method were in good agreement with the con-

ductometric data (Table 1).

The gradual decrease in the ratio I1/I3 for mono-

carbamate surfactants with the length of an alkyl sub-

stituent in the head group and its decrease on going to

dicarbamate derivatives reflect a decrease in the polar-

ity of the microenvironment of pyrene solubilized by

micelles (or vesicles). Similar changes in the polarity

of aggregates can affect any other solubilized hydro-

phobic compound, in particular, carboxylic acid esters

whose hydrolytic stability was supposed to be studied

in this work. It can be expected that a change from the

solutions of more hydrophilic surfactants to more

hydrophobic ones will lead to a decrease in the polar-

ity of the ester microenvironment, which will lead to a

weakening of its reactivity in the processes of nucleop-

hilic substitution.

Thus, the nature of changes in the surface potential

and micropolarity of the aggregates allowed us to

expect that surfactants with one carbamate fragment

will be more effective catalysts of nucleophilic substi-

tution processes than dicarbamate compounds, and

their effect will be lower than that in the case of CTAB.

The results of the kinetic experiment were pre-

sented in the form of graphs reflecting changes in the

observed rate constants (kobs) of the hydrolysis of car-

boxylic acid esters as functions of the concentrations
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Fig. 3. Dependence of the ratio between the f luorescence
intensities of the first (373 nm) and third (384 nm) vibra-
tional peaks of pyrene on the concentrations of carbamate-
containing surfactants, Т = 25°С. 
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of surfactants (Figs. 4 and 5). It is well known that, in

aqueous solutions of surfactants used as a reaction

medium, the reaction can simultaneously proceed

both in the dispersed phase and in the dispersion

medium. The contribution of each of the processes to

the observed rate constant can change depending on

the properties of the reactants. For PNPA, which is a

more hydrophilic substrate, the rate of hydrolysis in an

aqueous medium is high, and accelerations associated

with the presence of surfactants are not so pronounced

to allow one to draw conclusions on the influence of

their structure on the reactivity of this ester. However,

based on the experimental kinetic data (Fig. 4a), we can

state that monocarbamate surfactants are more active

than dicarbamate ones and CB-10-16 exhibits an early

catalytic effect providing a maximum acceleration of the

process at a concentration of 1 × 10–3 mol/L.

A different behavior was observed with PNPC

(Fig. 4b), the hydrolytic stability of which depends to

a much greater extent on the concentration and struc-

ture of the surfactant. The strong effect of surfactants

on the properties of this micelle-forming substrate is

explained by the formation of mixed aggregates in

which PNPC exhibits an increased reactivity com-

pared to individual solutions [27]. As expected, surfac-

tants with one carbamate fragment had a greater cata-

lytic effect than that of corresponding disubstituted

analogs. For micelle-forming surfactants, the catalytic

effect decreased with the length of an alkyl substituent

in the carbamate fragment; however, surfactants capa-

ble of forming vesicles exhibited abnormally high cat-

alytic activity. Thus, for example, at a surfactant con-

centration of 0.5 × 10–3 mol/L and pH 9.2, the value

of kobs for CB-2-16 was 0.003 s–1, and it increased to
0.007 and 0.011 s–1, respectively, on going to CB-8-16

and CB-10-16 under the same conditions.

The dependences obtained for all studied surfac-

tants have a form typical for micellar catalyzed pro-

cesses—a rather sharp increase in the rate constant fol-

lowed by a plateau (Figs. 4 and 5); this fact allowed us

to apply the following equation of a pseudophase

model of micellar catalysis to the analysis of kinetic

data [28]:

(3)

where k0 and km (s–1) are the first-order rate constants

in an aqueous medium and a micellar phase, respec-

tively; KS (L/mol) is the substrate binding constant;

and C is the total surfactant concentration minus the

CMC. The ratio km/k0 is considered as a measure of

the catalytic effect of the system.

Based on the experimental data, we can conclude

that, although micelle-forming monocarbamate sur-

factants bind substrates almost as well as their dicarba-

mate analogs (compare the values of KS in Table 3),

they are much more effective in alkaline hydrolysis of

esters. This is probably due to their higher surface

potential, which ensures the concentration of hydrox-

ide ions in the reaction contact zone. In solutions

where the formation of vesicles is possible (CB-8-16

and CB-10-16), in the case of PNPA, a stronger bind-

ing of the substrate was observed; it is most likely that

this was a reason for the high catalytic effect. A pro-

nounced substrate specificity of the process was

traced: for PNPA, the acceleration in the presence of

surfactants varied from a factor of 6 to 9, while it

exceeded two orders of magnitude for PNPC.

It was somewhat unexpected that the catalytic

effect of carbamate-containing surfactants was stron-

ger than that of their nonfunctionalized analog CTAB,

although the substrate binding constants for them are

close and the surface potential is lower. It can be

assumed that the presence of carbamate fragments in

the test surfactants leads to the formation of hydrogen

bonds between amphiphiles and a solubilized ester,

which causes a redistribution of electron density in the

substrate molecule, increases its reactivity, and thereby

accelerates the process under study. Similar anomalous

effects of functionalized surfactants on the reactivity of

organic compounds were observed earlier [29].

The values of CMC found from the kinetic experi-

ment (Table 3) are somewhat lower than those deter-

mined by the conductometric method. This was

traced to a greater extent in the case of PNPC and can

be associated with the possibility of the formation of

mixed aggregates with the participation of surfactants

and a micelle-forming substrate. Another possible

reason for the lower values of CMC can be the pres-

ence of alkali or buffer salts, which can act as counte-

+=
+

m S surfactant 0
obs

S surfactant

,
1

k K C kk
K C
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Fig. 4. Concentration dependences of the observed rate constants of hydrolysis of (a) PNPA and (b) PNPC in the solutions of
carbamate-containing surfactants, pH 9.2, Т = 25°С.
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Fig. 5. Concentration dependences of the observed rate constants of hydrolysis of PNPC in aqueous solutions of (a) CB-2-16 and
(b) CB-8-16 at various pH and T = 25°C. 
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Table 3. Results of a quantitative analysis of kinetic data for the hydrolysis of carboxylic acid esters in the solutions of the
test cationic surfactants performed using Eq. (3)

* For PNPA, k0 = 2 × 10–4 s–1 at pH 9.2; for PNPC, k0 = 1 × 10–5 s–1 at pH 8.5, k0 = 8 × 10–5 s–1 at pH 9.2, and k0 = 2 × 10–4 s–1 at
pH 10.0.

System Substrate рН km, s–1 KS, L/mol CMC, mol/L km/k0*

CB-2-16 PNPA 9.2 0.00161 996 2.22 × 10–4 8

CB-4-16 0.00180 1190 1.84 × 10–4 9

CB-10-16 0.00182 3390 1.87 × 10–4 9

CB-2,2-16 0.00122 1060 3.77 × 10–4 6

CTAB 0.00010 880 5.30 ×10–4 5

CB-2-16 PNPC 8.5 0.00034 5770 6.14 × 10–5 34

9.2 0.00465 5290 9.05 ×10–5 58

10.0 0.00714 6920 7.64 × 10–5 36

CB-4-16 PNPC 9.2 0.00337 5200 6.52 × 10–5 42

10.0 0.00710 6500 1.68 × 10–5 36

CB-6-16 PNPC 9.2 0.00297 5650 2.25 × 10–5 37

CB-8-16 PNPC 8.5 0.00055 9610 1.44 × 10–5 55

9.2 0.00810 10800 9.8 × 10–5 101

10.0 0.03250 9120 7.34 × 10–5 162

CB-10-16 PNPC 9.2 0.01410 17000 4.74 × 10–5 176

CB-2,2-16 PNPC 9.2 0.00299 7450 8.36 × 10–5 37

CB-4,4-16 PNPC 9.2 0.00213 5950 4.43 × 10–5 27

CTAB PNPC 9.2 0.00235 4440 1.86 × 10–4 29
rions and affect micelle formation processes, in the

reaction solution.

The most important factor that makes it possible to
influence the rate of reaction in surfactant solutions is
a change in the pH of the medium. The response to a
change in this parameter can depend on the morphol-
ogy of aggregates in the solution. In this regard, we
studied the kinetics of hydrolysis of PNPA in solutions
of CB-2-16 and CB-8-16 with varying pH (Fig. 5,
Table 3).

We found that the substrate binding constant in the

case of both surfactants remained unchanged in the

test range of pH (from 8.5 to 10.0), while the observed

acceleration of the reaction, described by the ratio

km/k0, depended on the morphology of aggregates

formed in the solution. Thus, in the case of the

micelle-forming surfactant CB-2-16, this characteris-

tic remained almost unchanged at all pH values during

the hydrolysis of PNPC, whereas it increased with the

alkalinity of the medium in the solutions of CB-8-16,

which is prone to vesicle formation. We did not go to

the region of higher pH values because it is well known

that compounds with a carbamate fragment can be

hydrolytically cleaved to the corresponding carbamic

acid and quaternary ammonium alcohols. This pro-

cess proceeds rapidly under the action of enzymes

[30]. Under laboratory conditions, the hydrolysis pro-
cess in the absence of enzymes proceeds at a notice-

able rate only in strongly alkaline media. Thus, it was

found with the use of potentiometry, which detects the

release of acid in the course of cleavage, and CB-4-16

as an example that it should be heated at 70°C in a

0.1 N solution of sodium hydroxide for more than 5 h

in order to ensure a conversion of higher than 50%.

Under milder conditions, the alkaline cleavage of the

test surfactants could not be detected for a long time.

In addition, we determined the rate constants of

hydrolysis of PNPC at pH 9.2 in freshly prepared solu-

tions of CB-4-16 and in the solutions stored for a day,

a week, and a month. Differences in the observed rate

constants of the process were insignificant; they were

within the measurement error range and did not

reflect any systematic trends associated with the insta-

bility of the surfactant.

CONCLUSIONS

Thus, as a result of this study, we expanded the sci-

entific base that characterizes the properties of solu-

tions of cationic carbamate surfactants. We found that

the new studied hexadecyl derivatives of this class of

surfactants have a low aggregation threshold, which

decreases with the length of an alkyl radical in the car-

bamate fragment and on going from mono- to dicar-

bamate surfactants. We determined a significant cata-
KINETICS AND CATALYSIS  Vol. 63  No. 3  2022
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lytic activity of these compounds in the processes of

ester hydrolysis, which can be regulated by varying the

nature of the surfactant and the pH of the medium. We

found that carbamate surfactants capable of forming

vesicles accelerated the hydrolysis of the studied esters

to a greater extent than their analogues that form

micelles. The characteristics obtained can serve as the

basis for the development of efficient nanoreactors

that allow chemical processes to be carried out in

aqueous solutions.
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