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Supramolecular systems based
on 1-alkyl-4-aza-1-azoniabicyclo[2.2.2]octane bromides
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The aggregation in aqueous solutions of alkylated 1,4-diazabicyclo[2.2.2]octanes of various
hydrophobicity and their adsorption at the water—air interface were studied by tensiometry,
conductometry, potentiometry, viscosimetry, and ESR spectroscopy. The parameters of ad-
sorption, critical micelle concentrations, concentrations of free counterions (bromide ions),
and degree of binding of the counterions with micelles were determined. The intensification of
the micelle formation ability of the surfactants with an elongation of the alkyl fragment was
shown. The effective radii of ensembles of the hexadecyl and octadecyl derivatives were deter-
mined by the dynamic light scattering method. A relationship between the concentration de-
pendences of the size of micelles and their shape was established.

Key words: alkylated 1,4-diazabicyclo[2.2.2]octanes, adsorption, association, critical mi-
celle concentration, ensemble radius, micelle shape.

1,4-Diazabicyclo[2.2.2]octane (DABCO) and its deriva-
tives find wide use as efficient catalysts of the Baylis—Hill-
man! and Suzuki—Miyaura? reactions, in polyurethane
synthesis,3 for the induction of the Ramberg—Back-
lund rearrangement,* preparation of inhibitors of dioxy-
guanosine photooxidation,> photogeneration of free ra-
dicals of idebenone® and nitronaphthalenes,” and
complexation with hydrogen peroxide3 and calix[4]aren-
es.9-10,11

Among the known salt of DABCO structures are its
nitrates and alkyl nitrates,12:13 substituted DABCO with
aldehyde,¥ benzyl,!5 and alkyl fragments.16:17 Interest in
the latter are due to their use as ionic liquids, 18 extracting
agents of nucleoside phosphates, 16 and catalysts of hydro-
lysis of p-nitrophenyl diphenyl phosphate.1* The depen-
dence of the chemical effect on the hydrocarbon radical
length was revealed for hydrophobized DABCO. For in-
stance, in the conjugate of the bisquaternary salt of
DABCO and imidazole, the substitution of the ethyl radi-
cal for tetradecyl resulted in a tenfold increase in the de-
gree of cleaving of phosphorus diester bonds in RNA.1?
Although the role of hydrophobicity in the physicochemi-
cal properties of the DABCO compounds is very impor-
tant, only few studies are devoted to this problem.14-19 At the
same time, the amphiphilic nature of alkylated DABCO
makes it possible to classify them as surfactants, which
are characterized by the ability to decrease surface tension
in solutions due to adsorption and orientations of mole-
cules at the interface and to form micelles at concentra-

tions above a certain concentration named the critical
micelle concentration (CMC).20

In this work, we studied the aggregation in aqueous
solutions of alkylated DABCO (AD) with different hydro-
phobicities (1—4) and the adsorption of these compounds
at the water—air interface.

1—4
n=12(1), 14 (2), 16 (3), 18 (4)

Tensiometry, conductometry, potentiometry, dynam-
ic light scattering, viscosimetry, and ESR spectroscopy
were used as methods of investigation.

Experimental

1-Dodecyl-4-aza-1-azoniabicyclo[2.2.2]octane bromide (1).
A solution of dodecyl bromide (6.65 g, 0.0257 mol) in acetone
(20 cm?®) was added dropwise with stirring to a solution of
1,4-diazabicyclo[2.2.2]octane (3 g, 0.0267 mol) in acetone
(20 cm?) cooled to 18 °C. The temperature of the reaction mix-
ture was maintained at 18—20 °C. The resulting reaction mix-
ture was stirred for 1 h at 20 °C and for 30 min at 45—50 °C.
Solvent excess was distilled in vacuo. The salt precipitated was
filtered off, recrystallized from acetone, and dried in vacuo. The
product was obtained in a yield of 6.4 g (66%), m.p. 148—150 °C.
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IR (KBr), v/ecm~': 2920, 2849, 1469, 1377, 1098, 1057, 852, 796,
720. '"H NMR (CDCl,), &: 0.88 (t, 3 H, CH;, J = 6.8 Hz);
1.32—1.35 (m, 18 H, CH,CH,(CH,)9CH3); 1.73—1.78 (m, 2 H,
CH,CH,(CH,)9CHj3); 3.27 (t, 6 H, N(CH,CH,);, J/ = 7.3 Hz);
3.46—3.53 (m, 2 H, N*CH,); 3.68 (1, 6 H, N*(CH,CH,)s,
J=17.3 Hz). Found (%): C, 59.86; H, 10.24; Br, 22.15; N, 7.75.
CygH37BrN,. Calculated (%): C, 60.04; H, 10.52; Br, 21.11;
N, 7.70.

Compounds 2—4 were synthesized according to a similar
procedure with recrystallization from an acetone—methanol
mixture. Their characterization is given below.

1-Tetradecyl-4-aza-1-azoniabicyclo[2.2.2]octane bromide
(2). The yield was 72%, m.p. 166—168 °C. IR (KBr), v/cm™:
2918, 2848, 1470, 1376, 1095, 1057, 852, 795, 720. 'H NMR
(CDCly), &: 0.88 (t, 3 H, CH;, J/ = 6.8 Hz); 1.26—1.35
(m, 22 H, CH,CH,(CH,);;CH3); 1.73—1.79 (m, 2 H,
CH,CH,(CH,);CH5); 3.28 (t, 6 H, N(CH,CH,)3, /= 7.5 Hz);
3.51—3.55 (m, 2 H, N*CH,); 3.69 (t, 6 H, N+(CH2CH2)3’
J=7.6 Hz). Found (%): C, 61.63; H, 10.61; Br, 20.54; N, 7.19.
CyoHy BrN,. Calculated (%): C, 61.91; H, 10.86; Br, 20.46; N, 7.40.

1-Hexadecyl-4-aza-1-azoniabicyclo[2.2.2]octane bromide
(3). The yield was 77%, m.p. 176—178 °C. IR (KBr), v/cm™L:
2919, 2849, 1467, 1376, 1098, 1058, 850, 797, 720. 'H NMR
(CDCly), &: 0.87 (t, 3 H, CH;, J/ = 6.9 Hz); 1.24—1.34
(m, 26 H, CH,CH,(CH,)3CHj3); 1.73—1.75 (m, 2 H,
CH,CH,(CH,);3CH3); 3.26 (t, 6 H, N(CH,CH,)3, /= 7.4 Hz);
3.48—3.51 (m, 2 H, NTCH,); 3.67 (t, 6 H, N*(CH,CH,)s,
J=17.8 Hz). Found (%): C, 63.23; H, 10.86; Br, 19.15; N, 6.71.
C,,Hy5BrN,. Calculated (%): C, 63.29; H, 10.87; Br, 19.07; N, 6.42.

1-Octadecyl-4-aza-1-azoniabicyclo[2.2.2]octane bromide
(4). The yield was 79%, m.p. 208—210 °C. IR (KBr), v/cm™!:
2919, 2849, 1471, 1377, 1100, 1058, 850, 796, 720. 'H NMR
(CDCly), &: 0.88 (t, 3 H, CH;, J/ = 7.0 Hz); 1.26—1.35
(m, 30 H, CH,CH,(CH,)sCHj3); 1.72—1.78 (m, 2 H,
CH,CH,(CH,);5sCHj3); 3.28 (t, 6 H, N(CH,CH,)3, /= 7.3 Hz);
3.51—3.53 (m, 2 H, N*CH,); 3.69 (t, 6 H, N*(CH,CH,)3,
J=17.5Hz). Found (%): C, 64.70; H, 11.09; Br, 17.96; N, 6.29.
Cy4Hy9BrN,. Calculated (%): C, 64.30; H, 12.08; Br, 18.10; N, 6.13.

Surface tension was determined by the Du Nouy ring de-
tachment method. Data on the specific electric conductance of
solutions of compounds 1—4 were obtained on a CDM-2d in-
strument (Denmark). The concentration of the free bromide ion
was determined with an I-160MI ionometer using an ELIS-131Br
bromine-selective electrode. An ESR-10101 electrode was used
as a reference.

Sizes of ensembles were determined on a PhotoCor Com-
plex photon correlation spectrometer of dynamic and static light
scattering and in the Malvern Zetasizer Nano system for charac-
terization of nanoparticles (the angle of light scattering was 90°
and 173°, respectively). A He—Ne gas laser with the wavelength
633 nm served as a laser radiation source.

ESR spectra were recorded at 22 °C on a Bruker Elexsys
E500 X-range ESR spectrometer, the modulation frequency was
100 Hz, its amplitude was 0.3 G, and the microwave field power
was 1.28 mW. The spin probe TEMPO (Sigma) was used. Glass
capillaries with an inner diameter of 0.5 mm were used for mea-
surements.

Viscosimetric measurements were carried out on an Ubbe-
lohde viscosimeter using a temperature-controlled cell.

Bidistilled water was used for the preparation of all solu-
tions studied.

Results and Discussion

The tensiometric method of studying the properties of
surfactant solutions is based on the measurement of a de-
pendence of the surface tension (y) at the interface (lig-
uid—gas, liquid—liquid, liquid—solid) vs the surfactant
concentration. The dependences obtained for the surfac-
tants belonging to the same homological series provide
data that characterize the adsorption process of the com-
pounds under study and their micelle formation properties
and also allow one to consider a relationship of these phe-
nomena and the surfactant structure. Figure 1, a shows
the concentration plots of y of solutions of compounds 1—4.
All studied compounds decrease yto ~40 mN m~!, which
is characteristic of solutions of the surfactants, whose
surface tension does not exceed 30—50 mN m~! by ab-
solute value.?! In addition, the tensiometric dependen-
ces for compound 3 were studied in time (Fig. 1, b).
The general run of the surface tension isotherms and the
CMC values remain almost unchanged upon storage of
the solution.

The maximum amount adsorbed (I',,,), minimum sur-
face layer area per surfactant molecule (A4,,;,), standard
free energy of adsorption (AG,,), and free energy of mi-
celle formation (AG,,) were calculated for the quantitative
estimation of adsorption (Table 1). The following equa-
tions were used for the calculation:

Fax = —(2.3mRT)_1C _l)iCmMC(dn/dlogC),m (1)

where R is the universal gas constant, 7'is temperature, 7
is the surface tension equal to the difference between the
surface tension values of the solvent and solution, m = 2,
and C is the concentration of AD;

Amin = 1018/(Nrmax)’24 (2)

where N is Avogadro s number;

Table 1. Maximum amount adsorbed (I},,,,), minimum sur-
face layer area per surfactant molecule (A4,,;,), standard free
energy of adsorption (AG,y), and free energy of micelle for-
mation (AG,,) of the cationic surfactants at 25 °C

Surfactant [, - 10° A, —AGyy —AG,,
/molm=2  /nm? J mol!
1 2.69 0.62 32.1 222
2 2.46 0.68 37.4 26.8
3 2.37 0.70 46.6 34.1
4 2.12 0.79 53.1 41.3
CPCe 2.34 0.71 41.2 28.2
CTAB® 3.10 0.53 37.5 30.6

a Literature data.?2
b Literature data.23
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Fig. 1. Surface tension isotherms of aqueous solutions of 1 (7),

2(2),3 (3, 5, 6), and 4 (4) at 25 °C obtained during 1 (I—4),
3 (%), and 8 (6) days after preparation.

AGyy = AGy, — (TCCMC/Fmax)’M’25 (3)
AG,=(1+ g)RTln(CMC),z“’ZS 4)

where g is the degree of binding of counterions.26

The CMC values corresponding to the inflections in
the curves y= f(C,p) (see Fig. 1) are listed in Table 2.

An increase in the hydrophobicity of the surfactant
decreases weakly the maximum adsorption of the surfac-
tant and increases A,;, (see Table 1). It is known that
during the adsorption of surfactant molecules at the inter-
face the hydrophilic polar groups remain in the aqueous

Table 2. The CMC values of the cationic surfactants in water

at25°C
Surfactant CMC-103/mol L-!

Tensio- Conducto- Potentio-

metry metry metry

1 11 14 16
2 4.0 3.0 3.7
3 1.0 1.0; 114 1.9
4 0.12 0.11; 0.91¢ 0.22
CPC 0.85° 0.98¢ —
CTAB 0.8¢ 0.90¢ —

4 The value of CMC,.
b Literature data.2’
¢ Literature data.?2

phase and the hydrophobic hydrocarbon chains are re-
pulsed from it to the second phase. An increase in the
surface area of the transversal cross section of the surfac-
tant indicate a smaller density if the surface layer at the
interface water—air interface, which agrees with the lower
CMC values of the most hydrophobic homologs. At the
same time, the elongation of the hydrocarbon radical of
the bicyclic surfactant results in a decrease in the energy
characteristics of the studied processes AG,q and AG, ,
i.e., in a stronger decrease in the free energy of the system
due to adsorption and micelle formation and an easier
occurrence of these processes. According to Eq. (4), this
should correlate with a decrease in the concentration at
which micelles are formed. The latter tendency is also
confirmed by the dependence of logCMC on the num-
ber of carbon atoms (#) in the hydrocarbon radical of
the bicycle

—1logCMC = a + bn, 5)

where a and b are the constants given in Table 3.

Note that for bicyclic surfactant 3 all parameters pre-
sented in Table 1 and the CMC value (see Table 2) are
close to those for cetylpyridinium chloride (CPC), i.e.,
a surfactant with the heterocyclic head group, whereas the
I',ax Value of the noncyclic surfactant cetyltrimethylam-
monium bromide (CTAB) are somewhat higher and A,,;,
are lower than those for surfactant 3 and CPC, indicating

Table 3. Coefficients @ and b in Eq. (5) determined by differ-
ent methods

Method a b reé

Tensiometry -2.05 0.324 0.9862
Conductometry —-2.27 0.340 0.9907
Potentiometry —-1.75 0.294 0.9800

9 ris the correlation coefficient.
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the denser packing of head groups of the noncyclic surfac-
tant compared to the cyclic ones.

The conductometric method also indicates the aggre-
gation of the AD under study. The concentration plots of
the electroconductivity () of aqueous solutions of AD
exhibit distinct breaks in the region of initial concentra-
tions (Fig. 2 a, b) caused by the appearance of surfactant
ensembles and the corresponding CMC; (see Table 2).
The pronounced dependence of the absolute value of elec-
troconductivity on the hydrophobicity of the surfactant is
observed in the studied concentration range. The decrease
in the electroconductivity of solutions observed with a de-
crease in the CMC value is due to the fact that the main
contribution to the change in x value is made by the mo-
nomeric form of the surfactant,?? whose concentration
is determined by the CMC value. It should also be
mentioned that a weakly pronounced second inflection
(CMC,) appears in the concentration plot presented in
Fig. 2 for cetyl homolog 3 (see Fig. 2, a), whereas the
pronounced inflection is observed for octadecyl homolog
4 (see Fig. 2, b). The inflections indicate the rearrange-
ment of the structure of the ensembles. The CMC, value is
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Fig. 2. Specific electric conductivity () of aqueous solutions of 1
(1),2(2),3(3), and 4 (4) vs concentration at 25 °C in the region
of initial concentrations: Cyp = 0—0.06 (a) and 0—0.003 (b).

also affected by the alkyl substituted length. On going
from 3 to 4, the CMC, value decreases more than by an
order of magnitude (see Table 2).

The potentiometric study using bromine-selective
electrodes made it possible to determine the concen-
tration of the free bromide ion, to estimate the criti-
cal micelle concentrations of AD, and to calculate the
degree of binding of the counterions with AD micelles (B)
for the range of concentrations of the bicycles exceeding
the CMC.

The CMC values correspond to the inflections in the
concentrations dependences of [Br~] (Fig. 3) and are giv-
en in Table 2.

The degree of binding of the counterions with AD mi-
celles was calculated by the equation obtained from the
consideration of the weight balance of the components of
the system.

The equilibrium between the ions and counterions of
the surfactants can be described by the equation

ZS*+mBr- == MM&m* 6)

where Z is the average aggregation number; m is the aver-
age number of counterions bound to the micelle; ST and
Br— are the surfactant ions and counterions, respectively;
M is the micelle with the aggregation number Z; (Z — m)
is the micelle charge.

The weight balance for the surfactant counterion and
ion is described by the equations

Ciot = [Br7] + m[M], (7

Ciot = [8T1+ ZIMy, ®)

where [Br—] and [S™] are the concentrations of free surfac-
tant counterions and cations, respectively; [M ] is the con-
centration of micelles; C,, is the total concentration of
the surfactant.

Accepting that [ST] is equal to the CMC, we have from
Eq. (8) that the micelle concentration is expressed by the
equation

Mzl = (Ciot — CMC)/Z. ()]
In this case, Eq. (7) can be written in the form
Cot — [Br-] = mZ=Y(C,o, — CMC). (10)

The ratio mZ~! expresses the degree of binding of coun-
terions and, taking into account Eq. (10), is as follows:

B=(Ciot — [Br])/(Cy — CMC). (11)

The B values calculated by Eq. (11) are given in Fig. 3.
An increase in the AD content insignificantly changes this
parameter, and in the region of studied concentrations of
1, 2, and 4 the B values range from 0.67 to 0.84, whereas
for compound 3 they lie in a range of 0.81—0.91.
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Fig. 3. Concentration of the free bromide ion (7, 3, 5, 7) and the
degree of binding of the bromide ion with micelles (2, 4, 6, §) in
aqueous solutions of 1 (7, 2), 2 (3, 4), 3 (5, 6),and 4 (7, §) vs AD
concentration at 25 °C.

The use of the dynamic light scattering method makes
it possible to determine the sizes of ensembles. As a rule,
the hydrodynamic radius (R.g) of micelles of the typical
surfactants near the CMC does not exceed 2—4 nm, which
is below the sensitivity threshold of the method. Indeed,

we failed to measure the size of the ensembles for solutions
of 1 and 2. For longer-chain homologs 3 and 4, after
storage for several days, reproducible results were ob-
tained, indicating that the solution contains large aggre-
gates, whose size depends on the surfactant concentration
(Fig. 4 a, b). For AD 4 the effective radii of the ensembles
range from 90 to 140 nm and are independent from the
storage time of the solutions (see Fig. 4, b). In the case of
AD 3, the size of the ensembles changes in time (see
Fig. 4, a). The solutions are stabilized within 1—2 days;
the ultrasonic treatment favors the formation of mono-
dispersed systems. At the concentration of 3 equal to
11073 mol L7, i.e., in the CMC;, region (see Table 2),
the micelles are enlarged to the greatest extent upon the
storage of the solution. In this case, the maximum value of
the radius of the ensembles (R,,,,) reaches 165 nm. An
increase in the surfactant concentration is accompanied
by a decrease in this parameter. For example, at the con-
centration of 3 equal to 4+ 10~3 mol L~! the R,,,, value is
90 nm, while in the region of CMC, (C3 = 10~2 mol L)
R.x = 67 nm. The example of the particle size distribu-
tion showed the absence of small ensembles correspond-
ing to spherical micelles (Fig. 5).

Taking into account specificity of an aqueous solution
of 3, we carried out additional experimental studies by

Reff/ nm a

150 =

120

60

Reff/ nm b

150 | 5

120 > 3 2

90 |o— g

t/days

Fig. 4. Radius of ensembles of 3 (a, I—3) and 4 (b, 4—6) in
water vs time of staying of the solutions at 25°C (Cyp =
=1-1073 (1), 4-1073 (2), 11072 (3), 2-10~* (4), 6- 10~ (5),
and 2-10=3 mol L~ (6)).
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Fig. 5. Analysis of the size distribution of particles of 3 using the
intensity parameter (C,p = 1103 mol L~!, 25 °C, duration of
staying of the solutions 1 day).

ESR spectroscopy and viscosimetry. The use of spin probes
(mainly nitroxyl radicals) makes it possible to study the
aggregation of surfactants in solutions and the dynamics
of the process by ESR.28 If a molecule with the attached
radical rotates freely and isotropically, the spectrum con-
sists of three lines of equal intensity and width. When the
rotation of the probe is hindered, in particular, by the
interaction with molecules of the environment, the width
and intensity will change. These processes correspond to
the correlation time from 0.01 to 10 ns. The rotation rate
of the nitroxyl radical in this range is characterized by the
correlation time 7, (see Ref. 29)

©.=6.5-10-10W, /ﬂ+ Ho o,
¢ 0[ hy Vg

where W, is the width of the central line; A, A, and /_,
is the height from the peak to the peak of the central, low-
field, and high-field lines, respectively.

The change in the ESR spectrum upon the solubiliza-
tion of the probe in micelles allows one to control such
important characteristics of the ensembles as micropolar-
ity, microviscosity, and packing density of molecules in
the zone of localization of the radical probe. Therefore,
the use of spin probes with different hydrophilic—lipo-
philic balances makes it possible to scan the microenvi-
ronment of the ensembles remote at different distances
from the interfacial surface. Since we aimed at establish-
ing structural rearrangements of the ensembles, which are
most easily identified by the change in the compactness of
surfactant molecules near the micellar surface (the so-
called "palisade"” layer), 2,2,6,6-tetramethyl-4-piperidine-
N-oxyl (TEMPO) was used as a probe. According to the
literature data3? and the character of the ESR spectra,
TEMPO is localized at the small depth of immersion into
the micelle core, which agrees with the correlation times
of the probe <400 ps. The results of calculation of the
correlation time of the spin probe with an increase in the
concentration of 3 are shown in Fig. 6. Two regions of
sharp change in the parameter can be distinguished:

200

100 |

0.001 0.01

CAD/mOI L71

Fig. 6. Correlation time of the probe vs concentration of 3
(Crempo = 5+10~*mol L7!, 22 °C).

at a concentration of ~1+10~3 mol L~! (inset) coinciding
with the CMC, and of ~0.01 mol L~! that coincides with
the CMC,. The sharp increase in the correlation time at
the concentration >0.01 mol L~! indicates the structural
rearrangement in the system accompanied by the forma-
tion of ensembles with a more compact molecule packing.

The plots of the relative viscosity of solutions of 3 vs
surfactant concentration are shown in Fig. 7. In the region
of concentrations close to the CMC,, an increase in the
surfactant content in the solution exerts almost no effect
on the relative viscosity value (n,,), but in the concentra-
tion region from 0.006 to 0.008 mol L~!, i.e., approaching

Nrel
1.12 |
1.08 + ]
()
1.04 | 2
1.00 |
0 0.01 0.02 0.03 Cpp/mol L!

Fig. 7. Relative viscosity of freshly prepared (/) and stored for
3 days (2) aqueous solutions of 3 at 25 °C.
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the CMC,, the n, values increase, indicating a change in
the colloidal state of the solution. Thus, the transition to
ensembles with a more compact packing of surfactant
molecules was established for the system based on 3 at the
CMC, concentration.

Assuming that elongated micelles are present in the
solution, we can calculate the ratio of semiaxes (P) of the
ensembles by the equation3!

v=2.5+0.4075(P — 1)1, (12)

In Eq. (12) the shape factor (v) is related to the relative
viscosity through the equation32

Nt = 1 +vo + 14.1¢2, (13)

where ¢ is the volume fraction of the surfactant in the
solution determined by the correlation

¢ =Cppo~ (1 — dp/dCy),

where C,, is the surfactant concentration in micelles (g cm™3);
p and p, are the densities of the solution and solvent,
respectively.

Figure 8 shows the concentration plots of the P pa-
rameter, which is > 1 for all surfactant concentrations. In
the case of both freshly prepared and stored for 3 days
solutions of the bicyclic surfactant, beginning from a con-
centration of 0.0015 mol L~!, an increase in the content
of 3 decreases the P values. The minimum values of this
parameter are achieved in the concentration region from
0.006 to 0.008 mol L~!, the P values increase when the
CMC, is achieved (0.01 mol L), and this parameter is
stabilized with the further increase in the surfactant con-
tent in the solution. The most substantial decrease in the P
parameter is observed in the region of low surfactant con-
centrations (down to 29 times), while P increases when

P
30 b
20 +
1
10 b
b 2
ol [ ]
1 1 1 1
0.004 0.008 0.012  Cyp/mol L

Fig. 8. Ratio of semi-axes of micellar ensembles (P) formed in
freshly prepared (/) and stored for 3 days (2) aqueous solutions
of 3 vs surfactant concentration at 25 °C.

the CMGC, is achieved (by 8.5 times) for stored solutions
of 3. For the freshly prepared solutions in the region of low
concentrations, the P parameter increases sixfold, where-
as it increases by 1.8 times after the CMC, is achieved.
A comparison of these data with the sizes of the ensembles
(see Fig. 4, a) indicates that the longest ensembles, which
are transformed into more symmetric and compact (smaller
in size) structures when the CMC, is achieved, are formed
in the case of the stored solutions in the region of the
CMC,. For the freshly prepared solutions, the transition
of the strongly elongated to more symmetric structures
occurs within almost one size of the ensembles. It can be
assumed that the transition from micellar ensembles to
vesicles occurs at concentrations in the CMC, region. In
this case, the whole array of results obtained for com-
pound AD 3, namely, an increase in the packing density of
surfactant molecules and a large size remained unchanged
at the low degree of symmetry of the ensembles, can be
explained most satisfactorily.

The data obtained indicate that alkylated 1,4-di-
azabicyclo[2.2.2]octanes are surfactants capable of form-
ing micelles in an aqueous medium. The elongation of the
hydrocarbon AD radical decreases the standard free ener-
gy of adsorption at the water—air interface and also favors
micelle formation in the solution. For the hexadecyl and
octadecyl derivatives, the sizes of the ensembles formed
depend on the concentration of the bicycle, whereas for
compound 3 they also depend on the storage time of the
solution. The largest ensembles of 3 are formed in the case
of stored solutions in the region of critical micelle concen-
tration, which can be due to the formation of the most
elongated structures.

This work was financially supported by the Russian
Foundation for Basic Research (Project Nos 09-03-00572-a
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