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Abstract—Host—guest complexes are of interest as promising nanodevices for molecular recognition and
chemosensors. In this work, the structure and molecular dynamics of complexes of the nitroxyl radical
TEMPO (I), as models of indicator and analyte, with cucurbituril CB[7] in solution and in the solid phase
have been studied by ESR and DFT methods. The kinetic accessibility of the NO group of I for water-soluble
reagents has been determined. By simulation of the ESR spectra of the complex, the rotational diffusion coef-
ficients and the anisotropy of its rotation have been determined. To study the rotational mobility of the guest
in the CBJ[7] cavity, solid solutions of I@CBJ7] in the CB[7] matrix have been obtained. The ESR spectra
indicate rapid jump-like rotation of I about an axis oriented along the normal to the CB[7] portals. The for-
mation energy and the spatial structure of the complex have been calculated by the DFT method; a change
in the spin density on the NO group with changing the orientation of I in the CB[7] cavity has been found.
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Cucurbiturils (cucurbit[-n]urils, CB[n]), a new
class of supramolecular host molecules, have attracted
much attention in recent years due to their ability to
form stable and selective host—gest (HG) complexes
with various organic molecules and cations in aqueous
medium [1, 2]. It was also shown that the photophys-
ical properties of guest molecules, primarily fluores-
cence, often change significantly upon inclusion in
CB|[n] cavities [3—5]. These properties make it possi-
ble to use CB[n] as artificial receptors in chemo- and
biosensors, drug carriers, photoswitches, and nano-
motors [6—8].

Various methods were used to study HG com-
plexes. The use of spin-labeled guests as models of
analytes is of particular interest, since the analysis of
the ESR spectra of the complexes permits determining
the structure, thermodynamics, the kinetics of their
formation, and the polarity of guest environment in
the CB cavities [9—13].

Fundamentally important for the functioning of
HG complexes are their dynamic properties: molecu-
lar mobility of guests in the CB[n] cavities, and their
accessibility for water and water-soluble reagents.
However, these properties, as far as we know, have not
been sufficiently studied [13]. In the present work, the
structure and molecular dynamics of CB [7] com-
plexes with the nitroxyl radical TEMPO (I, see
Scheme) were studied in aqueous solution and in the
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solid phase. The polarity of the environment of I in the
complexes was determined from the hyperfine cou-
pling (HFC) with the N'* nucleus of the NO group.
The accessibility of the NO group for paramagnets in
water was determined from the broadening of the ESR
spectra due to spin exchange.

To study the rotational dynamics of the spin probe
inside the cavity, it is necessary to eliminate rotation of
the complexes as a whole. For this purpose, magneti-
cally dilute solutions of the complexes I@CB [7] were
prepared in a solid matrix of CB [7] molecules. Rapid
anisotropic rotation of I in the CB [7] cavity about the
Y axis in the system of the principal axes of the 4, g
tensors was detected, with the Y axis oriented parallel
to the C; symmetry axis of CB [7].

Computer calculations of the structure of the com-
plexes by the DFT method with a version of the
method allowing for the van der Waals interaction
were also carried out. The formation energies of the
complexes at different orientations of I and the barrier
of rotation of I about the Y axis were determined;
changes in the spin density on the atoms of the NO
group with changing the orientation of I in the CB [7]
cavity were found.
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EXPERIMENTAL

Cucurbituril CB [7] (Sigma—Aldrich) was used
without further purification. 2,2,6,6-Tetrameth-

Cucurbit[7]uril (CB [7])

LIVSHITS et al.

ylpiperidine-1-oxyl (TEMPO (I), see Scheme) was
synthesized according to the previously published pro-
cedure [14].

et

The Z axis is directed perpendicular

to the XY plane
Scheme 1.
The X-band ESR spectra (frequency 9.15 GHz)  where E,,, £}, and Ecg 7 are the calculated energies

were measured on an EPR-200 spectrometer (Bruker)
under temperature control with a flow of evaporated
nitrogen. The samples in the form of capillaries were
located along the symmetry axis of a quartz tube con-
taining silicone oil to provide thermal contact. The
vertical size of the sample was no more than 5—6 mm,
in order to avoid the inhomogeneity of the microwave
field and the modulation field. All the spectra were
recorded under the conditions of critical coupling of
the resonator with the microwave line [15].

The ESR spectra were simulated using a program
based on the stochastic Liouville equation and the
method of nonlinear least squares [16, 17]. The A, and
g.. components of the HFC tensors and the g factor in
the absence of rotation, necessary for simulation of the
ESR spectra, were determined from the ESR spectra
at 77 K.

Calculations of the structure of the complexes and
the formation energies were carried out with complete
optimization of the geometry, using the DFT-D3
method with the PBE functional in the SVP basis in
the context of ORCA (version 3.0.1) software package
[18], with allowance for the Grimme dispersion cor-
rection [19—21]. The HyperChem 8.0 package was
used to obtain the initial structures and visualization of
the results. The total energy of complex formation
(AEtotab where E = Eelectron + EvdW) was determined
from Eq. (1):

AE'total = Ecomp - EI - ECB[7]a (1)

of the complex, radical I, and CB[7], respectively. The
van der Waals energy of complex formation was calcu-
lated from Eq. (2):

AE gw = Evaw, comp — Evaw, 1 — Evaw, cap7)s (2)

where Ejgw comp> Evaw, 1> and Eqw, cp7) are the calcu-
lated van der Waals energies of the complex of radical
I with CB [7]. Tables 3 and 4 present the results of the
calculations.

RESULTS AND DISCUSSION

Properties of the Host—Guest Complexes IQCB [7] in
Aqueous Solutions

The binding constant of the complex I@CB [7],
determined by subtracting the spectrum of free I, and

the value of isotropic HFC a, characterizing the
polarity of the environment of I are in agreement with
the data of the work [9].

Rotational diffusion of the complexes in aqueous
solution. The ESR spectra of the complex I@CB [7]
were recorded at a CB [7] concentration of 6 mmol L~
'and a molar ratio CB [7]/I = 60, which corresponds
to complete binding of I at 292 K. The spectra were
simulated in terms of the model of anisotropic Brown-
ian rotational diffusion, using the method of nonlinear
least squares [16, 17]. The best fitting was obtained for
the model of an axially symmetric diffusion tensor
with the symmetry axis of rapid rotation coinciding
with the Yaxis in the system of the principal axes of the
A and g tensors (see Scheme). The characteristic fea-
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Table 1. Polarity parameters of the environment of the NO group of I in the complex I@CB [7] in aqueous solution (292 K)
and in the solid CB [7] matrix (77 K). The isotropic HFC constants a, (G) in the complex I@CB [7] (af\f’) in aqueous solu-
tion, I in water (a,VVV) and toluene (a,(,) were determined as the distances between the HFC components m = +1 and m = 0;

the polarity parameter in aqueous solution of I@CB [7] p. e = (a,"\f’ — a,C )/ (a,p\',/ — a,(,). The components 4., (G) at 77 K
for I@CB [7] in the CB [7] matrix and in frozen solutions of I in water and toluene were determined as half the distance

between the terminal extremums of the ESR spectra. The polarity parameter in the solid phase
Protia = (A% = AL/ (AY = 4L)

T (K), environment| Spectral parameters (G) | Complex I@CB [7] Water Toluene Polarity parameter
290, water ay 16.01 17.21 15.36 Pt 0.35
77, CB [7] matrix A, 35.05 37.21 353 Psotia —0.13

Table 2. Exchange broadenings of the components of the hyperfine structure in the ESR spectra of IQCB [7] and free I at

different concentrations of C,, 7= 292 K

Crox (mmol L") Complex AOfee (5‘1) szgmp (s—l) AGT, JAGSS,
5 1@CB [7] 0.73 x 107 s~ 0.1 x 107 ¢! 0.14
10 1.97 x 107 57! 0.24 x 107 5! 0.13

tures of the spectra for this type of rotation are practi-
cally equal intensities of the components m = £1 and
the more intense component m = 0 (see Fig. 1 and

[22]). The values of the parameters R, and R, are
6.3 x 10® and 3.5 x 10'% 57!, respectively. The much
larger R, value in comparison with R, and, hence, the

much larger ratio R, / R, than the ratio of the geomet-
ric dimensions of CB [7] may be explained by the exis-
tence of rotational mobility of the guest inside the CB
[7] cavity (this mobility is studied in more detail in the
next section by using immobilization of the complexes
I@CB [7] in the CB [7] matrix).

Polarity of the local environment of the NO group in
aqueous solution of I@CB [7]. The polarity of the
environment of the NO group is an important param-
eter that can give information about the location of the
spin probe in the complex and the efficiency of chem-
ical and photochemical processes in the CB [7] cavity.
To characterize the polarity of the environment of the
NO group in the complex, the value of the isotropic

HFC constant in the complex (a,cf) and the values of
ay in polar (water) and nonpolar (toluene) solvents,

w T .
a, and ay, respectively, were measured. From these

values, it is possible to make a dimensionless polarity

parameter p,, . = (a,f,B - a,(, )/ (a,VVV - a,Tv ), which per-
mits comparing the polarities of the environment for
different media, complexes, and different probes. It is
equal to 1 in water and 0 in toluene. The values of a,

and p,, . in I@CB [7] are given in Table 1. It can be
seen from these values that the environment of the NO
group in the complex I@CB [7] is relatively hydropho-
bic, that is, it is removed from contact with water.

Kinetic accessibility of the NO group for water-sol-
uble paramagnetic complexes. The degree of accessi-
bility of the NO group to water-soluble reagents is also
an important parameter, which, along with the polar-
ity of the environment, permits estimating the location
of this group in the supramolecular complex. The
kinetic accessibility of the NO group for water-soluble
reagents can be determined by measuring the spin
exchange with paramagnetic ions [23]. For this pur-
pose, we studied the spin exchange of the complex
I@CB [7] with water-soluble salts, potassium trioxa-
late chromate K;[Cr(ox);]*>~ (Crox), which is known
to produce the maximum exchange broadening in the
ESR spectra of nitroxyl radicals [24], and potassium

Table 3. Total (AE,,) and van der Waals (AE,4y) energies of formation of the complex I@CB [7] for two orientations of I

in the CB [7] cavity (kcal mol~!)

Complex I@CB [7] AE o AE,qw
The N—O bond of I in the cavity is parallel to the portals (Fig. 5) 433 —286
and corresponds to the maximum complexation energy ’ )
The N—O bond of I in the cavity is parallel to the C; symmetry axis of the CB [7] molecule —34.9 —36.6

HIGH ENERGY CHEMISTRY Vol.51 No.5 2017



384

LIVSHITS et al.

Table 4. Charges on the N and O atoms of the NO group in free I (gg.) and in the complex (g¢omy) for two orientations of
I in the CB [7] cavity. Spin densities (sd) on N and O atoms of the NO group in free I (sdNy,.., sdOy...) and in I@CB [7]

complexes (S&Nomp> SAO0comp)

eree/ q comp quree/ q Ncomp q Ofree/ qocomp SdN/ Schomp SdO/ Sdocomp
N—O is parallel to portals —0.123 —0.044/—0.038 —0.274/—0.305 0.437/0.466 5d0/sdO ¢omp,
N—-O is parallel to C; axis —0.055 —0.044/—0.051 —0.274/—0.263 0.437/0.433 0.437/0.433

ferricyanide K;[Fe(CN)¢]*~. The advantage of these
broadening reagents is large negative charges of the
anions, whereby they should not bind to CB [7] having
a negative surface potential. The values of the
exchange broadening in the spectra of free I and the
complex I@CB [7], which are caused by Crox, are
given in Table 2. The degree of accessibility of Crox to
the NO group of I in the complex I@CB [7] can be

estimated from the ratio Awg,,,,/ A®..- It can be seen
from Table 2 that this value for probe I is rather small.

Aggregation of I@CB [7] complexes in the presence
of chaotropic reagents. A careful analysis of the ESR
spectra of the complex I@CB [7] in the presence of
Crox reveals additional changes in the line shape,
which are not related to the spin-exchange broaden-
ing. First, in the absence of Crox, as noted above, the
rotational diffusion of the complex I@CB [7] is aniso-
tropic, with the fastest rotation occurring about the
Yaxis. However, in the presence of Crox, the shape of
the ESR spectrum corresponds to almost isotropic
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Fig. 1. Experimental ESR spectra of the complex I@CB
[7] in aqueous solution (solid lines) and calculated ESR
spectra (dashed lines) corresponding to the best agreement
with the experimental spectra in the model of fast diffu-
sional rotation about the Y axis in the system of the princi-
pal axes of the A4, g tensors. The rotational diffusion coeffi-
cients of I about the Y axis and the axes perpendicular to it
are 3.5 x 10" and 6.3 x 10% s respectively.

rotation. In addition, the ratio of the intensities of the
HFC components I,,/1_; in the presence of 5 and

10 mmol L~! Crox increases from 1.06 to 1.23 and
1.24, respectively, which indicates an increase in the
correlation time of rotation. Furthermore, in the pres-

ence of 10 mmol L~! Crox, the a, value increases
from 16.01 to 16.2 G, which indicates an increase in
the polarity of the environment of the NO group.
Finally, the intensity of the ESR signal decreases to
unobservable values in times of 15—60 min, depending
on the concentrations of CB [7] and Crox, that is, the
decay becomes faster with increasing the concentra-
tions of CB [7] and Crox.

The most probable explanation for these spectral
changes is the interaction of I@CB [7] molecules with
free CB [7] in the presence of Crox, leading to the for-
mation and precipitation of aggregates formed. It is
important that this process does not occur with HG
complexes of some other radicals with CB [7] (the
respective results will be considered in our next work).
The formation of aggregates apparently requires some
stereoregularity, that is, guest-undisturbed CB [7]
portals and the lack of electrostatic repulsion. These
conditions are realized for the complexes I@CB [7] in
which I is completely included in the CB [7] cavity,
but not for the radicals that are charged or partially
exposed to the aqueous phase. An increase in the
aggregation degree leads to precipitation of large
aggregates and decay of the ESR signal. The aggre-
gates of smaller size contribute to the ESR signal in the
solution; they are responsible for changing the anisot-
ropy and increasing the correlation time of rotation.
Broadening of the ESR lines due to rotational relax-
ation means that the actual rate of spin exchange with
Crox anions is somewhat smaller than the value given
in Table 2.

In addition to Crox, we used potassium ferricya-
nide (PF) as a broadening reagent. In this case, the
ESR signal disappeared almost immediately after the
addition of 5 mmol L~! PF to the solution of I@CB [7]
in excess CB [7]. We assume that the reason for the
aggregation induced by Crox or PF is the chaotropic
properties of these compounds: aggregation of I@CB
[7] and free CB [7] under the action of Crox and PF
occurs due to destruction of the hydrogen bond net-
work that impeded this aggregation in their absence.
Another possible cause of the effect of Crox and PF on
the aggregation is an increase in the ionic strength or
binding K* cations to the CB [7] surface, which leads

HIGH ENERGY CHEMISTRY  Vol. 51
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Fig. 2. Temperature dependences of the ESR spectra of the complex I@CB [7] in the solid CB [7] matrix. (a) Experimental (solid
lines) and best calculated (dashed lines) ESR spectra in the low-temperature region. The CB [7]/I molar ratio is 60. (b), (c) High-

temperature and high-temperature upfield regions, respectively.

to a decrease in the electrostatic repulsion of CB [7]
molecules and increasing the aggregation.

We tested this explanation by precipitation of the
assumed aggregates on a centrifuge. The sediment is
really formed, and the ESR spectrum of its suspension
in water corresponds to the region of slow rotation of
I; the distance between the terminal extremums of the
spectrum, equal to the motion-averaged parameter

2A;z at 293 K, is about 66 G, which practically coin-
cides with the value for the complex I@CB [7] in the
solid CB [7] matrix (Fig. 2a).

Properties of the Complex IQCB [7]
in the Solid CB [ 7] Matrix

Polarity of the environment of the NO group for the
complex I@CB [7] in the solid CB [7] matrix. As the
spectral parameter sensitive to the polarity of the envi-
ronment, we used the distance between the terminal
extremums of the ESR spectrum at 77 K, which with a
sufficiently high accuracy is twice the zz component of
the HFC tensor (4,). The dimensionless polarity
parameter in the solid CB [7] matrix was determined
similarly to the polarity parameter in the aqueous
solution of the complex:

Poota = (A" = AL [ (A — 47), (3)
where the upper indices CB, T, and W refer to the
complex, toluene, and water. The values of these
parameters are given in Table 1.

It is clear from the comparison of the parameters
Deotia and p., 1, that the local environment of I in the
complex I@CB [7] located in the solid CB [7] matrix
is much more hydrophobic than in the complex
located in the water environment. These differences

HIGH ENERGY CHEMISTRY Vol. 51
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are obviously due to the lack of water in the solid CB
[7] matrix. The anhydrous environment can also cause
changes in the localization of probe I in the cavity. To
reveal these changes, calculations by the DFT method
in the absence and in the presence of water in the envi-
ronment of the complex are necessary.

Rotational mobility of I in the complex I@CB [7] in
the CB [7] matrix. It can be seen from Fig. 2 that the
shape of the ESR line of radical I in the temperature
range of 142—340 K corresponds to the region of slow
rotation; the most pronounced change in the spec-
trum with increasing temperature is a decrease in the

parameter 24, . We performed simulation of the spec-
tra in terms of the model of Brownian rotational diffu-
sion. The values of the 4., and g,, components of the
HFC and g-factor tensors were measured at 77 K; the
values of other components were taken from the liter-
ature data [9]. Figure 2 also shows the best calculated
spectra for the complex I@CB [7].

It can be seen from Fig. 2a that at low temperatures
the simulation is satisfactory, but with increasing tem-
perature, the agreement with the experiment deterio-
rates. In particular, at 77> 260 K, the upfield portion
of the spectrum is greatly broadened (Fig. 2b). In
addition, a careful study reveals two minimums in the
upfield portion of the spectrum, which indicate the
existence of two states with different rotational mobil-
ity. With increasing temperature, the strongly immo-

bilized component, which corresponds to a larger A;z
value, is transformed into a weakly immobilized com-
ponent characterized by a much larger broadening of
the minimum m = —1 (Fig. 2¢). In the temperature
range of 270—315 K, both components are observed.
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Fig. 3. Temperature dependences of the parameter 2Aéz
(G) of probe I in the complex I@CB [7] in the solid CB [7]
matrix.

Figure 3 shows the changes in the parameters ZA;Z
with temperature.

The simultaneous existence of two states with dif-
ferent rotational mobility of the guest and transition
from a strongly immobilized to weakly immobilized
state with growing temperature indicate structural
rearrangement in the complex. Elucidation of the
nature of this rearrangement requires further investi-
gation.

Here we consider the properties of the weakly
immobilized state in more detail for temperatures at
which the contribution of the strongly immobilized
state is negligible. The ESR spectra were simulated
for various types of anisotropic rotation: isotropic, X-,
Y-, and Z-axial rotations. The best fitting was obtained
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for the model of fast axial rotation about the Y axis. It
is important to note that a significant improvement of
the fitting was achieved for the model of jump-like
large-angle rotation. It is this feature that is responsi-
ble for the large broadening of the spectral minimum
in a high field with increasing temperature (Fig. 4a).

The conclusion about the Y-axial rotation agrees
with the calculations of the structure of the complex
I@CB [7] by the DFT method. Note that the compar-
ison with calculations by the DFT method for “gas
phase”, that is, in a nonpolar medium is justified in
this case, because the complex I@CB [7] is embedded
in the hydrophobic CB [7] matrix. The hydrophobic
environment created by this matrix is deduced, first,
from the low solubility of CB [7] in water. Second, the
nitroxyl radical was introduced into the solid CB [7]
matrix, which dissociated from the CB [7] cavity at
high temperature. The ESR spectrum of this radical
corresponded to rapid rotation and hydrophobic envi-
ronment.

Simulation of the ESR spectra of I@QCB [7] in the
CB [7] matrix for different temperatures (Fig. 4a) per-
mitted determining the rotational diffusion coeffi-
cients for rotation about the Yaxis (R). It can be seen

from Fig. 4b that the temperature dependence of Ryis
rather weak and does not obey the Arrhenius equation.

RESULTS OF CALCULATIONS

In the presence of hydrophobic environment in the
CB [7] cavity, one of the forces holding I inside the
cavity is the van der Waals interaction. This means that
for correct calculation of the structure of the complex,
it is necessary to use the DFT method with allowance
for the dispersion (van der Waals) interaction. In addi-

(b)
- @
i )
I \.\
- . .
0.0029  0.0030 0.0031 0.0032 0.0033
/T

Fig. 4. (a) Simulation of the ESR spectrum of the complex I@CB [7] in the solid CB [7] matrix in the model of jump-like rotation
about the Y axis at large angles. The experimental spectrum (solid line) and the calculated spectrum corresponding to the best
agreement with the experimental spectrum (dashed line) at a temperature of 338 K. (b) Temperature dependence of the rotational
diffusion coefficient for uniaxial rotation about the Y axis in the coordinate system of the magnetic tensors of probe I in the com-

plex I@CB [7].
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(b)

Fig. 5. Structure of the complex I@CB [7] corresponding to the minimum energy (calculated by the DFT-D method): (a) top
view and (b) side view. The NO group of I is located in the middle plane parallel to the portals. Colors of guest I atoms are dark

gray (O and N atoms), gray (C atoms), and light gray (H atoms).

tion, the cavitand CB [7] has seven carbonyl groups in
the upper and lower portals, which favors the forma-
tion of clouds of negative potential in the portal areas.
Therefore, an additional driving force of complexation
can be the transfer of electron density from the cav-
itand to the probe molecule. It should be noted, how-
ever, that the complexation energies obtained in this
way cannot be directly related to the constant of bind-
ing the spin probe to CB [7], since these values do not
allow for the entropy term in the free energy of bind-
ing. At the same time, they make it possible to charac-
terize the difference in the energies of the
complex I@CB [7] for different orientations of I inside
the cavity.

Table 3 presents the energies of the complexation.
Figure 5 shows that the most favorable structure of
I@CB [7], in which the Y axis of the probe is roughly
parallel to the C; symmetry axis of the CB [7] mole-
cule. It is evident from Table 3 that the van der Waals
contribution to the total complexation energy for this
structure of the complex is more than 2/3 of AE,,;.
This means that the calculation of AE,,, without
allowing for E, 4w may lead to an underestimated value
of AE,,. For the energetically less favorable structure
of I@CB [7], in which the N—O bond is parallel to the
C; axis, the value of AE,, is less than AE 4, that is,
the electronic contribution to the complexation energy
is positive. The reason for this fact is that in the latter
structure the vectors of the dipole moments of the N—
O bond and the C=O0 groups are roughly parallel,
which is energetically unfavorable.

It is evident from the comparison of the charge
transfer values presented in Table 4 that the formation
of the energetically most favorable structure of IQCB
[7], in which the polar NO bond is far from the nega-

HIGH ENERGY CHEMISTRY Vol. 51
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tively charged CB [7] portals, leads to the transfer of
0.123 of the electron charge to molecule I, providing
about one third of the total complexation energy. At
the same time, for the structure with the orientation of
N—O parallel to the C; axis, the transfer is only 0.055
of the electron charge, which leads to a smaller value
of AE,, and, in fact, to holding the probe inside the
cavity only due to the van der Waals interaction.

The CB [7] molecule consists of seven identical
bituril moieties. This means that the structure of
I@CB [7] (Fig. 5) is sevenfold degenerate, and the
energetic profile upon rotation of I inside the
cavity about the Y and C; axes in the range of the
angles of 0—2m is described by a periodic potential
with seven minimums and maximums. The calcula-
tions have shown that the height of the barrier of a
rotational hop from one minimum to adjacent is
=1.3 kcal mol~'. The small value of the barrier agrees
well with the high rotational mobility of the probe
detected by us and its weak temperature dependence
within the cavity.

Along with the change in the formation energy of
the complexes at different orientations of I in the CB
[7] cavity, we observed changes in the spin density on
N and O atoms of the NO group with changing orien-
tation of I, which are directly related to a change in the
polarity of the environment. Figure 6 shows these
changes for the rotation of I about the Zaxis in the sys-
tem of principal axes of the 4, g tensors, where the Z
axis coincides with the direction of the p orbits of the
NO group of 1.
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Fig. 6. Dependences of the spin densities on the nitrogen
and oxygen atoms of the NO group of radical I on the angle
of rotation about the Z axis in the system of the principal
axes of the A, g tensors of I in the CB [7] cavity.

CONCLUSIONS

In summary, the application of the ESR method in
combination with quantum-chemical calculations by
the DFT method of the host—gest complex of the spin
probe TEMPO with cucurbituryl CB [7] in aqueous
solution and solid CB [7] matrix permitted determin-
ing important dynamic and structural features of this
complex.

The kinetic accessibility of the NO group of I for
water-soluble reagents has been determined. By simu-
lation of the ESR spectra of the complex, its coeffi-
cients of anisotropic rotational diffusion have been
determined. A large difference in the speed of rotation
of the probe about the symmetry axis of the diffusion
tensor and that for rotation about the axes perpendic-
ular to it may be explained by the existence of rapid
rotation of the probe in the cavity of CB [7]. Aggrega-
tion of the complexes in an aqueous solution is found
in the presence of multiply charged paramagnetic
anions, which apparently is due to chaotropic proper-
ties of these anions, that is, destruction of the struc-
ture of water, as well as the influence of ionic strength,
which causes shielding of the negative potential on the
surface of cucurbituril.

It has been shown that the polarity of the environ-
ment of the probe in the complex I@CB [7] included
in the solid CB [7] matrix is much smaller than for the
complex in aqueous solution.

Of greatest interest is the high rotational mobility of
the guest molecule inside the cavity in the CB [7]
plane parallel to the portals, about the Y axis in the
system of the principal axes of magnetic tensors. (Note
that in the time of performing this work, similar results
were published on the internal rotation of other guest
molecules in the cavity of cucurbituril [13]).

LIVSHITS et al.

By simulation of the ESR spectra, it has been
established that the character of rotation of I in the
cavity is uncorrelated diffusion jumps at large angles,
which agrees with the low value of the rotation barrier
(=1.3 kcal mol~') determined by the DFT method.
The nonexponential temperature dependence of the
diffusion coefficient (Fig. 4) apparently reflects the
change in the rotation barrier for I with temperature
due to a change in the geometry of the CB [7] mole-
cule itself. Of particular interest is the fact that high
rotational mobility takes place despite the rather high
binding constant of I with CB [7] (2.5 x 10* L mol™!)
and the low accessibility of the guest for water-soluble
agents. This property, along with the sensory advan-
tages of cucurbiturils, which are determined by the low
polarity of the cavity, makes cucurbiturils promising
containers for carrying out chemical, in particular,
photochemical processes in nanovolumes.
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