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INTRODUCTION

Recently, there has been a lot of interest in func�
tional micro� or nanoparticles built on the basis of sil�
icon dioxide. They are used as fluorescent nanosize
materials, sorbents in high�efficiency liquid chroma�
tography, and chemo� and biosensors [1–8]. The
advantage that silicon dioxide nanoparticles have as
matrices for the formation of such materials is that
their physical and chemical stability are higher than
that of organic polymeric matrices and, at the same
time, it is possible to modify the external surface with
functional groups. The most important requirements
for the production and optimization of the chemosen�
sor materials are (1) a very high molecular and confor�
mational mobility of both the molecular sensor itself
and molecules–analytes to make complexation possi�
ble and (2) a high hydrophobicity of the environment
of the optical sensor to achieve a high fluorescence
quantum yield.

One promising way to achieve this aim can be to
modify the silica gel surface with alkyl groups. The sat�
urated hydrocarbon chains in which the fast trans�
gauche isomerization occurs at conventional temper�
atures can result in a quasi�liquid structure on the sur�
face of the solid SiO2 particles with a low dielectric
permittivity.

In this work, Silasorb microparticles, the surface of
which was covalently modified with hydrocarbon
chains with different numbers of carbon atoms (2, 8, 18)
bound via a linker, have been used as materials which
can have such properties.

These materials were used as sorbents for high�effi�
ciency liquid chromatography in a series of publica�
tions [9, 10]. However, they were not used as micro�
platforms for the production of chemosensors. We
used the spin probe method for our investigation. It is
well known that this method is highly sensitive to the
molecular rotation and polarity (hydrophobicity) of
the local environment, and it is also characterized by a
high spectral resolution when studying heterogeneous
chemical and biological systems [11–17].

MATERIALS AND METHODS

Spherical sorbents on the basis of the Silasorb silica
gel (Lachema, Czech Republic) with alkyl groups on
the surface with 2 (C�2), 8 (C�8), and 18 (C�18) car�
bon atoms in the chain were used in this work. The
average size of the particles was 10 μm, the pore diam�
eter was 100 Å, and the specific surface was 300 m2/g.
Suspensions with a mass part of the particles of 15 and
30% were prepared in the experiment.
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Stable nitroxyl radicals with different structures,
charges, and solubility in water (Fig. 1) were used as
spin probes. The MK5 radical was synthesized by
A.B. Shapiro et al. [18]; 5�DSA and 16�DSA were
purchased at Sigma�Aldrich (Germany); positively
charged Cat�8, Cat�12, and Cat�16 radicals (counte�
rion Br–) were kindly provided by Dr. Sci. G.B. Kho�
mutov (Physics Faculty, Moscow State University).

The C�2, C�8, and C�18 hydrophobic microparti�
cles were wetted by ethanol, and then the solution of
the spin probe in the borate buffer (pH 8.8) in the case
of MK5, 5�DSA, and 16�DSA radicals or the water
solution of the probe (for Cat�8, Cat�12, and Cat�16
radicals) was added. The final radical concentration
was 2 × 10–4 M. The volumetric parts of the buffer
(bidistilled water) and ethanol in a mixture were 58.8
and 41.2%, respectively. After intensive stirring, an ali�
quote 20 μl was taken from the suspension and put in
a capillary for electron paramagnetic resonance
(EPR) measurements (the internal diameter of the
capillary was 1 mm). Control solutions in a buffer
(bidistilled water)/ethanol mixture of the same com�
position as for the suspensions were prepared for all
spin probes.

The samples without the solvent were prepared as
follows. The suspension of particles was put on a glass
plate, weighed (Scientech, accuracy of 0.1 mg), and
left in air at room temperature for 24 h. Weighing and
drying in air were repeated until the weight of the plate
did not change within the accuracy of the measure�
ments.

A batch of the dried sample (10 mg) was put in a
capillary for the EPR measurements (the internal
diameter was 1.2 mm) and the initial EPR spectra were
recorded. The input of water and ethanol vapors to the
dried particles was performed directly in the capillaries
for the EPR measurements. To this end, 8 μl of the
water–ethanol mixture (58.8% and 41.2% v/v) were
added to the upper part of the capillary with the sam�
ple so that the distance between the dry sample and the
liquid phase was 30 mm; then the capillary was tightly
closed with parafilm. Then the capillaries were placed
in an exsiccator at a temperature of 35°C for 4 h. The
samples were left for an hour at room temperature
after being kept in the exsiccator; then the EPR spec�
tra were recorded. The amount of the liquid phase in
the capillary decreased by approximately 15% (1.2 μl)
up to the moment at which the spectrum was mea�
sured.

The amounts of the mixture components in the gas
phase can be approximately estimated from the refer�
ence data on the partial pressures in the ethanol–water
mixture with an ethanol content of 20 mole % (the
mixture used in this work contained 17.6 mole % of
ethanol) [19]. At 40°C, the partial pressures of the
water and ethanol vapors were 0.063 and 0.057 atm,
respectively. An estimation of the water and ethanol
amount in the gas phase with the use of the Men�

deleev–Clapeyron equation shows that their total vol�
ume recalculated to the liquid phase does not exceed
0.01 μl; i.e., the reduction of the amount of the liquid
phase by 1.2 μl is wholly due to its sample recondensa�
tion. It is natural to think that the composition of the
condensate on the particles is similar to the composi�
tion of the added mixture. Then, on the basis of the
volume of the condensate 1.2 μl and the surface area of
3 m2 for the 10�mg batch of particles, the degree at
which the sample surface is filled with water and alco�
hol is 0.013 and 0.0028 mM/m2, or 7.8 and 1.7 mole�
cules/nm2, respectively.

The EPR spectra were recorded on an ER�200D
spectrometer (Bruker) using temperature control with
an accuracy of ±0.5°C. The EPR spectra linear in the
microwave field were recorded at low microwave
power (P = 18 dB, H1 ≅ 0.0625 G) and a low modula�
tion amplitude excluding the spectrum distortion.

For the 5�DSA and 16�DSA spin probes, the EPR
spectra were simulated in the model of nonspherical
(anisotropic) rotation in the anisotropic medium. In
this model, the spin probe is characterized by the coef�
ficients of the rotational diffusion around the symme�
try axis (R||) of the molecule and the axes perpendicu�
lar to it (R⊥), the β angle between the z axis of the mag�
netic tensors (A, g), and the symmetry axis of the
diffusion tensor and the order parameter D20:
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where θ is the angle between the symmetry axis of the
diffusion tensor and the axis of the local anisotropy of
the medium. A program [20] was used for this simula�
tion in which these parameters and the individual line
widths were determined by using the nonlinear least�
squares method and the Levenberg–Marquardt algo�
rithm. To characterize the rotational dynamics of the
spin probes, the correlation times in the model of the
isotropic rotation were also determined from the EPR
spectra using the relation [21]

(2)

where I±1 are the amplitudes of the components of the
hyperfine structure (HFS), m = ±1, and ΔH+1 is the
width between the extrema of the low�field HFS com�
ponent.

The polarity of the environment of the spin probes
in solution was characterized by the constant of the
isotropic HFS on the N14 nucleus s and the dimen�
sionless parameter h [22]

(3)

where a, aW, aT are the aiso values in the suspension of
microparticles in water and toluene, respectively. The
h value is 1 and 0 in the hydrophobic (toluene) and
polar (water) environment, respectively.

The spin exchange of nitroxyl probes with para�
magnetic Ni2+ ions in suspensions of the silica gel
microparticles was studied by measuring the addi�
tional relaxation broadening of the HFS components
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of the EPR spectra of probes (ΔΔHpp) in the presence
of the different concentrations of nickel chloride. The
spin exchange rate constants were determined from
the slope of the linear dependences of the width of the
m = +1 component according to the formula [23]

(4)

where γe is the gyromagnetic ratio of the electron and
ΔΔHpp is the difference between the line width of the
m = 0 component in the presence and absence of the
paramagnetic ions with the concentration c.

RESULTS AND DISCUSSION

The spin probes were chosen according to the fol�
lowing considerations. The MK5 probe (the spin�
labeled indole analog) can simulate the behavior of
the fluorescent sensor molecule since it contains a flu�
orescent aromatic indole residue [14]. The 5�DSA and
16�DSA and Cat�8, Cat�12, and Cat�16 spin probes
can simulate the behavior of the hydrocarbon chains
on the silica gel surface. 5�DSA and 16�DSA are
widely used to study the dynamics of lipid membranes,
micelles, and emulsions of surface�active compounds
[11, 12, 24]. They are sensitive not only to the rota�
tional dynamics and polarities of the environment of
the probe, but also to the ordering degree of the hydro�
carbon chains. The Cat�8, Cat�12, and Cat�16 probes
have linear hydrocarbon chains of different lengths and a
positive charge on the nitrogen atom; thus they are sensi�
tive to the electrostatic potential of the surface [25].

5� AND 16�DOXYL STEARATES

EPR spectra of the 5�DSA probe in suspensions of
the C�2–C�18 particles (whose weight part of particles
are 15 and 30%) and in the buffer solution are given in
Fig. 2.

Note first of all that the EPR spectra for 15 and
30% suspensions are close to each other for both
probes and all three types of the particles. Taking into
account the sharp differences in the form of the spec�
tra of free probes and those coupled with the shell as
well, it is possible to conclude that almost all spin
probes are built in into the hydrocarbon shells of the
microparticles.

Figure 2 shows the best simulation spectra calcu�
lated using the program of Budil et al. [20]. Table 1
presents the parameters of the rotational mobility of
the simulation spectra. A satisfactory agreement
between the experimental and simulation spectra for
C�2 particles was achieved only by introducing the
partly averaged components of the HFS tensor (A) and
g�tensor (g), as opposed to the initial components,
which were measured at 77 K. This averaging corre�
sponds to the physical model, where the spin probe has
two types of motion: (1) fast libration limited in ampli�
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Fig. 2. EPR spectra of the 5�DSA radical in the suspen�
sions of the (a) C�2, (b) C�8, and (c) C�18 particles and in
(d) the buffer–ethanol mixture. Solid lines are the experi�
mental spectra in 15% (—) and 30% (····) suspensions; the
dotted line shows the result of simulation with the use of
the program [20] and the nonlinear least�squares method.
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tude leading to the averaged tensors A and g and (2)
slower diffusion rotation described by the model [20].

Magnetic tensors averaged over librations are
determined from equations [26]

(5)

(6)

where S = ; the angle θ characterizes the

angular amplitude of librations averaged over the libra�
tion motion.

The ,  values and analogous quantities for the
g tensor were inserted into the program by varying the
S value to obtain the best agreement with the experi�
mental spectrum. The optimal S value for the 5�DSA
spectrum on the C�2 particles was 0.65, which corre�
sponds to the averaged amplitude θ ≅ 29°.

Table 1 also shows that, for C�2 particles, the orien�
tation ordering is absent, but there is a very fast rota�
tion around the long axis of the 5�DSA (R||) molecule.

There is significant orientation ordering in the
motion of 5�DSA in the shell of the C�8 and C�18 par�
ticles, although the order parameter D20 is much less
than typical values for the one�component lipid mem�
branes and microemulsions (0.4–0.7) [24, 27].
Though the carboxyl group of the 5�DSA probe at
pH 8.8 is ionized and localized on the interface with
the solvent, the interface itself (in contrast, for
instance, to emulsions) is probably not formed due to
the absence of the surface�active (polar) groups and
fluctuates in the space leading to small D20 values.

The experimental and best simulation EPR spectra
of the 16�DSA probe on the C�2–C�18 particles are
shown in Fig. 3. Table 1 presents the parameters of the
rotational dynamics of this probe obtained from the
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spectral simulations. Similarly to 5�DSA, the form of
the spectra in the presence of particles strongly differs
from the spectra of these probes in the buffer solution.
First, Table 1 shows that the best simulation is
obtained at the angle between the symmetry axis of the
tensor of the rotational diffusion and the Z axis of 90°
(rather than 0°, like for the lipid membranes). This
means that the hydrocarbon chain of 16�DSA has a bent
conformation. Secondly, there is a slight ordering of
the hydrocarbon chains; moreover, the order parame�
ter D20 decreases upon the transition from C�18 and
C�8 to C�2. The rotational mobility around the short
axes (R⊥) is almost the same on the C�8 and C�18 par�
ticles, and it also decreases on the C�2 particles. These

Table 1. Coefficients of the rotational diffusion around the long axis (logR||), short axes (logR⊥), orientation ordering (D20),

fitting parameters of the calculated and experimental spectra (Redχ2 and Resind, respectively, see [20]), the angle between
the z axes of the magnetic tensors and the tensor of the rotational diffusion (β), and the parameters of the hydrophobicity
of the environment (h) of the 5�DSA and 16�DSA spin probes on the C�2, C�8, and C�18 particles

Probe Particles logR|| logR⊥ D20 Redχ2 Resind β, degree h

5�DSA C�2 7.98 10.35 0 83.4 0.179 0 0.53

C�8 8.03 6.73 0.216 212 0.17 0 0.84

C�18 8.0 6.6 0.223 152 0.12 0 0.80

16�DSA C�2 8.56 6.14 0.052 134 0.131 90 0.47

C�8 8.79 5.3 0.057 44 0.124 90 0.56

C�18 8.74 7.75 0.067 220 0.12 90 0.53

Note: The values of R||, R⊥, D20, and β were obtained by spectral simulation. The angle β was fixed during simulation. The h values were
calculated from the experimental spectra according to formula (3). Toluene was used as a reference hydrophobic solvent. The
average errors in the determination of the dynamics parameters were, for logR⊥, ±5 × 10–4, logR|| ±4 × 10–2; for 5�DSA, ±1 × 10⎯5;

and, for 16�DSA, ±1.4 × 10–4. The average relative error in the determining parameter h was 6%.
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Fig. 3. EPR spectra of the 16�DSA radical in the suspen�
sions of the (a) C�2, (b) C�8, and (c) particles and in
(d) the buffer–ethanol mixture. Solid lines are experimen�
tal spectra in 15% (—) and 30% (····) suspensions; the dot�
ted line shows the result of simulation with the use of the
program [20] and nonlinear least�squares method.
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results show that the dynamics of the 16�DSA probe
on the C�2 particles depends on the vicinity of the
solid surface, which leads not only to the slowing down
of its rotation around the short axes (R⊥), but also to
the reduction of its orientation ordering. This conclu�
sion correlates well with the above data for the 5�DSA
probe.

SPIN�LABELED INDOLE ANALOG

The EPR spectra of the MK5 probe in suspensions
of the C�2, C�8, and C�16 particles suspended in the
water–alcohol buffer in a concentration of 15 wt %
and in the same buffer in the absence of the particles
are given in Figs. 4, spectra a–d. It is seen that spectra
a–g differ strongly from spectrum d. In the case of par�
ticles with the labeled C�2 phase, two components are
seen in the spectrum, one of which corresponds to the
free probes in the buffer and the other, a broader com�
ponent, obviously refers to the probes adsorbed on the
particles (Fig. 4, spectrum a). Subtracting the signal
from the free probes from the total spectrum allows
one, in principle, to obtain the spectrum of the
adsorbed state. However, the subtraction procedure
leads to the appearance of distortions on the m = –1
component, as can be seen in Fig. 4, spectrum a. We
have established that the origin of these distortions is
the somewhat larger width of the m = –1 component
of the unbound probes in the total spectrum when
compared with that in the spectrum of these probes in
the absence of particles. This additional broadening
(δH) is probably due to the chemical exchange
between the adsorbed and free state [25]. In frequency

units, it corresponds to the exchange velocity f =
1/γeδH ≅ 106 s–1.

The EPR signal of the adsorbed probes is strongly
broadened probably due to the heterogeneity of the
adsorption locations. In fact, the widths of the m = ±1
components are 3.3 and 3.7 G, respectively, while the
correlation time of the rotation determined according
to formula (2) is 0.8 ns. This corresponds to the
Lorentz rotational broadening (ΔHL) being less than 1 G;
herewith, the Gauss inhomogeneous broadening
(ΔHG) due to methyl groups does not exceed 1.5 G [12].
Thus, the width of the Gauss–Lorentz convolution

 [28] should not exceed ≈1.6 G. It
should be noted that, in spite of the relatively high
rotational mobility of the probe on the surface, no
averaging of this heterogeneity for the characteristic
time ~10–7 s occurs.

The aiso value characterizing the hydrophobicity of
the environment of the MK5 probe is 15.65 G, while it
is 16.2 G in the buffer in the absence of the particles;
i.e., the environment of the MK5 probe in the labeled
C�2 phase, which is two C–C bonds thick, is much
more hydrophobic than that in the surrounding solu�
tion. It is possible to suppose that the MK5 probe is
either oriented by the NO group to the particle surface
or rests upon this surface so that the NO group is
immersed in the hydrocarbon phase.

To specify the degree of availability of the contents
of the hydrocarbon shell for the water�soluble com�
pounds, the action of the paramagnetic relaxant nickel
chloride on the spin probes was studied. The EPR sig�
nal from the free probes in the disperse medium of the
suspension broadened to its complete disappearance
in the presence of 60 mM NiCl2 (the same as in the
control experiments in the absence of particles). How�
ever, the exchange broadening of the HFS component
of the EPR signal of the adsorbed radicals at 60 mM,
and even at 100 mM NiCl2, was almost absent. This
result shows that the reporter group of the MK5 radi�
cal is inaccessible for the water�soluble agents, even in
the case of a thin hydrocarbon shell of the C�2 parti�
cles. The correlation time of the rotation of the MK5
probe calculated from the spectrum measured in the
presence of 60 mM NiCl2 is 1.1 ns.

The MK5 spectra in the presence of the C�8 and C�
18 particles nearly coincide (Fig. 4, spectra c, d): in the
case of C�8, the signal of the adsorbed radical is more
broadened and the contribution of the adsorbed radi�
cal is larger than that for the C�18 particles, as is shown
by the spectral subtraction. The aiso values for the C�8
and C�18 particles are 15.9 and 15.7 G, respectively;
i.e., taking into account the errors contributed at the
spectral subtraction, the hydrophobicity of the MK5
environment on these particles is the same as that
on C�2.
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Fig. 4. EPR spectra of the MK5 radical in suspensions of
the C�2 particles ((a) initial spectrum and (a') after the
subtraction of the signal of the free probe in the solution),
(b) C�2 particles in the presence of 60 mM NiCl2, (c) C�8
particles, (d) C�18 particles, and (e) in the buffer–ethanol
mixture.
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POSITIVELY CHARGED Cat�8, Cat�12, 
AND Cat�16 RADICALS

The EPR spectra of all Cat radicals in the presence
of the C�2, C�8, and C�18 particles correspond to the
region of fast rotations. Table 2 presents the correla�
tion times of the rotation and the hydrophobicity
parameters of the environment for these probes on all
particles and in the buffer solution–ethanol mixture.
It is possible to notice the following regularities in the
dynamics and polarity of the environment of these
probes: (1) the rotational times in the buffer have
almost no dependence on the length of the radical
hydrocarbon chains and are 0.09–0.1 ns. In the pres�
ence of particles, the correlation times increase 6–14
times and depend on the length of the hydrocarbon
chain of both the spin probe and alkyl groups
covalently bound to the silica gel surface. The τeff val�
ues increase from 0.5–0.6 ns for Cat�8 to 1.3 ns for
Cat�16 with an increase in the length of the hydrocar�
bon tail of the probe.

The change in the τeff value with the thickness of
the hydrocarbon shell on the surface of the particles
probably depends on the length of the tail of the spin
probe itself: for Cat�8, the τeff value remains almost
unchanged; for Cat�12, it slightly increases; and for
Cat�16, it decreases upon a transition from C�2 to C�8
and C�18 particles. The hydrophobicity of the envi�
ronment of all three spin probes increases in the series
C�2 < C�8 < Cat�18.

The character of all these changes can be qualita�
tively explained as follows. The increase in the rota�
tional correlation time of the Cat spin probes in the
presence of particles (on average by an order of mag�
nitude) shows that all spin probes are included in
hydrocarbon shells of the C�2, C�8, and C�18 parti�
cles. If, in the buffer, the high rotational mobility of
the reporter group was determined by its rotation
around the several nearest single bonds and did not
depend on the length of the hydrocarbon tail of the
probe, then the reporter probe groups on the particles
are immersed into the lipid shell with a very high vis�
cosity and both the reorientation of the hydrocarbon
tails and the dynamics of the matrix contribute to the
reorientation speed of the reporter group. It should be
noted, however that the rotational mobility of all Cat
radicals remains quite high and, even for the C�2 par�
ticles, does not slow down near the surface, as is
observed for the same probes upon an interaction with
the levasil nanoparticles [25]. Therefore, it is possible
to conclude that the surface of such particles does not
contain negative charges or these charges are inacces�
sible for the positively charged polar head of the
Cat probe.

THE EFFECT OF REMOVING 
THE SOLVENT ON MOLECULAR DYNAMICS 

IN THE HYDROCARBON SHELL

Thus, these data show that the spin probes, which
can simulate different types of analytes or sensors,
have high rotational and conformation mobility in the
hydrocarbon shell of the Silasorb microparticles which
are in equilibrium with the solution.

Due to the possible usage of these particles as
matrices for detecting gaseous molecules, it is of high
interest to study the molecular mobility in the shell of
microparticles in the absence of the solvent. For this
purpose, the solvent was removed from the suspension
as described in Materials and Methods. The examples
of the EPR spectra of the lipid 5�DSA and 16�DSA
spin probes on the dry particles are given in Fig. 5.
Figure 5 shows that these spectra differ drastically
from the spectra of suspensions: they correspond to
the region of slow rotations, as opposed to the region
of fast rotations for the particles, which are in equilib�
rium with the solution. The values of the  param�
eter characterizing the frequency (or the angular
amplitude) of rotations are given in Table 3. First,
Table 3 shows that in both probes the  values
increase with an increase in shell thickness. Second,
the  values for 16�DSA are noticeably less than
those for 5�DSA. The comparison with the limiting
values of these parameters for both probes from litera�
ture [11, 24, 27] shows that the correlation times of the
rotation of the spin probes are ≥10–7 s; i.e., they
increase by at least two orders of magnitude when the
solvent is removed. The differences in the mobility of
the 5�DSA and 16�DSA probes in the dried samples
correlate with the differences on the particles in the
presence of the solvent, as well as with the differences

2Azz'

2Azz'

2Azz'

Table 2. Hydrophobicity parameters of the environment
(h) and the correlation times of the rotation (τeff) for the
Cat�8, Cat�12, and Cat�16 spin probes on the C�2, C�8,
and C�18 particles

Probe Particles h τeff, ns

Cat8 C�2 0.46 0.61
C�8 0.55 0.51
C�18 0.65 0.6

Cat12 C�2 0.61 0.76
C�8 0.66 0.8
C�18 0.735 0.85

Cat16 C�2 0.61 1.3
C�8 0.71 0.9
C�18 0.735 0.9

Note: The τeff and h values were calculated from the experimen�
tal spectra according to the formulas (2) and (3), respec�
tively. Octanol was used as a reference hydrophobic sol�
vent. The average relative errors in the determination of the
τeff and h parameters were 6% and 5%, respectively.
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in the lipid membranes. Therefore, they are probably
due to the different localizations of the reporter NO
group of these probes: in the case of 16�DSA, it is
probably located closer to surface and further from the
polar head of the probe.

THE EFFECT OF THE SOLVENT VAPORS 
ON THE MOLECULAR DYNAMICS 

IN THE HYDROCARBON SHELL

Upon admitting the solvent vapors to the dried C�8
particles and keeping them for 4 h in the atmosphere
of these vapors, the 5�DSA and 16�DSA spectra take
the form shown in Fig. 5. It is seen that the mobility of
both probes sharply increases and corresponds to the
nanosecond range of the correlation times (1.4 and
0.79 ns, respectively), the same as for suspensions in
the ethanol–water mixture. However, the form of the
spectra is not recovered completely, as can be seen
from comparing Fig. 5 with Figs. 2 and 3. For the 5�
DSA radical, the anisotropy of the spectrum disap�
pears after drying and the subsequent input of vapors,
indicating the orientation ordering, and a certain het�
erogeneity appears (see the overlapping of signals in
the m = +1 component). For 16�DSA, the rotational
correlation times in the initial suspension and after the

input of vapors almost coincide: 0.75 and 0.79 ns,
respectively. However, the line widths in the second
case are higher, which also indicates a certain heteroge�
neity of the probe mobility. The differences in the spec�
tral parameter before and after drying and the subse�
quent input of vapors is obviously due to the difference
in the amount of solvent, which is enough in the first
case and not enough in the second case for the complete
and homogeneous solvation of the hydrocarbon chains.
However, it is important to note the appearance of a
high rotational mobility of the probes (and, obviously,
hydrocarbon chains themselves) in the presence of the
solvent vapors, which should considerably affect the
functioning of sensors on the basis of these matrices.

CONCLUSIONS

Thus, it was shown in this work that the hydrocarbon
shell of the Silasorb silica gel microparticles in the pres�
ence of the solvent provides both high rotational and
conformational mobility and a very high environmental
hydrophobicity for the molecules introduced in it. The
regularities were established in the change of the rota�
tional mobility, orientation ordering, and hydrophobic�
ity of the environment, depending on the thickness of
the hydrocarbon shell, for the probes of different struc�
tures: the radical containing an aromatic fragment sim�
ulating fluorophores; lipid spin probe sensitive to the
microviscosity of the lipid environment, and charged
probes sensitive to electrostatic interactions. It was
shown that the rotational mobility of the lipid spin
probes in the hydrocarbon shells sharply decreases after
the removal of the solvent and is restored in the presence
of water and ethanol vapors. The high rotational mobil�
ity of the spin probes and the very high hydrophobicity
of their environment in the shell of the microparticles in
the liquid phase and the solvent vapors allow one to
conclude that the Silasorb microparticles are a perspec�
tive matrix for producing molecular chemosensors on
analytes in solutions and the gas phase.

1

2

1

2

(a) (b)

Fig. 5. EPR spectra of (a) 5�DSA and (b) 16�DSA (1) after drying the suspensions of the C�8 particles in air under room temper�
ature and (2) after incubation of the dry sample with the C�8 particles in the buffer–ethanol vapors. Concentration of the spin
probe, 1.2 × 10–4 M. The buffer : ethanol ratio is 58.8% : 41.2% v/v.

Table 3. Mobility parameters 2  of the 5�DSA and 16�DSA
spin probes on the C�2, C�8, and C�18 particles in the
absence of solvent

Probe Particles 2 , G

5�DSA C�2 67.85 ± 0.05

C�8 69.45 ± 0.15

C�18 69.8 ± 0.1

16�DSA C�2 65.6 ± 0.1

C�8 68.4 ± 0.1

C�18 68.5 ± 0.2

Azz'

Azz'
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