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Selectively modified silica materials with uniform hexagonally ordered cylindrical mesopores were
synthesized by combination of sol-gel condensation and postsynthetic chemical modification. Hexagonally
arranged porous structure of silica carriers was confirmed by X-ray diffraction and low-temperature
ad-desorption of nitrogen. Content of functional groups immobilized onto external surface of silica particles
was determined from chemical analysis of surface reaction products. Release capability of MCM-41
mesoporous silicas selectively modified with N-(2-aminoethyl)-3-aminopropyl or N-[N’-(N’-phenyl)-2-
aminophenyl]-3-aminopropyl groups was studied by use of para-aminobenzoic acid as model biologically
active substance. It has been found that desorption of aromatic amino acid from mesoporous channels of silica
can be regulated using pH-sensitive functional groups which are chemically bounded with outer silica surface.
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INTRODUCTION

The potential importance of MCM-41 silica
materials as drug carriers is caused by their
chemical stability, biocompatibility, high surface
area, large pore volume, uniform and tunable pores
of molecular size, and controllable participation in
chemical reactions with a wide range of modifiers
[1,2]. The geometrical complementarity of
MCM-41 pores and adsorbate molecules along
with chemical affinity between guest molecules
and functional groups lining mesopore walls
belong to the main factors influencing drug
molecules adsorption-desorption processes. It has
been demonstrated that geometrical parameters of
pores can be affected by templating agents
selection [3-8] or postsynthetic activation [9, 10],
whereas chemical features of surface layer can be
sufficiently changed by various reactions of weakly
acidic silanol groups with appropriate modifiers
[11-16].

Delivery of many biologically active
substances requires «zero release» before reaching
targeted cells or tissues. However, desorption of
guest molecules is usually observed even at the
first contact of functionalized carrier with aqueous
solution. In order to avoid this difficulty,
construction of molecular or supramolecular
devices preventing uncontrollable release of
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biologically active molecules can be realized
[17-30]. Protolytically ionizable self-assembling
organic moieties chemically immobilized near pore
orifices of MCM-41 silica can serve as surface
pH-responsive  gatekeepers. As strength of
interaction between ionizable organic groups
located near by pore orifices is directly dependent
on their protolytic properties, the release of
entrapped molecules from mesoporous channels of
silica carrier can be influenced by pH change.
Herein, we propose an approach for selective
modification of external surface of MCM-41
particles ~ with ~ pH-responsive  nanovalves
constructed from ionizable N-(2-aminoethyl)-
3-aminopropyl and N-[N’-(N’-phenyl)-2-
aminophenyl]-3-aminopropyl ~ groups.  These
protolytic species immobilized near by pore
orifices can associate in neutral form and prevent
release of para-aminobenzoic acid (p-ABA) from
the mesoporous bulk. Liberation of aromatic amino
acid proceeds at protonation of blocking groups in
acidic medium. Repulsion of positively charged
amino groups provides the opening of pore
entrances and unhindered extrication of p-ABA.

EXPERIMENTAL

Tetraethylorthosilicate (from Merck,
purity > 99 %), (3-chloropropyl)triethoxysilane
(from Aldrich, purity >95 %), cetyltrimethyl-
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ammonium bromide (from Merck, purity > 97 %),
2-aminodiphenylamine (from Merck, purity > 97 %),
1,2-ethylenediamine (from Merck, purity > 99 %),
para-aminobenzoic  acid (from  AppliChem,
purity > 98.5 %), standard volumetric solutions of
phosphate buffer and hydrochloric acid (all from
RIAP, analytical grade), agueous ammonia 25 %
(from Reakhim, analytical grade), acetonitrile
(from Reakhim, analytical grade), hydrochloric
acid 37 % (from Reakhim, chemical grade), and
ethanol 96 % (from Reakhim, chemical grade)
were used without additional purification.

Methods and instruments. X-ray diffraction
spectra were registered by use of a Diffractometer
DRON-4-02 with monochromatic CuK, emission
(A=154178 A) and nickel filter. Interplanar
distance (d) was estimated using the Bragg
diffraction equation [31]. The unit cell parameter
(@) was calculated by equation represented in [32].
The diameter of hexagonally arranged cylindrical
pores (D) was evaluated from the repeating
distance between reflecting planes (d) and pore
volume (V,) calculated from low-temperature
ad-desorption isotherms of nitrogen [33]:

\V/
D=cd | P ,
1+pV,

where ¢ is the constant dependent on the pore

8
shape, it can be expressed as ¢ = |—— when
P P \Bx

pores are modeled as hexagonal prisms; p is the
density of the pore walls that can be equal to that of
amorphous silica (2.2 g/em® [33]); V, is the pore
volume obtained from the nitrogen adsorption
isotherm by the t-plot method.

The pore wall thickness (B) was calculated by
the Eq. 2 as the difference between the values of
unit cell parameter (a) assessed from the X-ray
diffraction studies and pore diameter (D) calculated

(1)

from the low-temperature ad-desorption of
nitrogen:
B=aD. )

Characterization of pore structure of silica
materials was performed using the data of
low-temperature  ad-desorption  of  nitrogen
obtained in the region of relative pressures from
0.06 to 0.99 in increment of 0.015 with a
Sorptometer Kelvin-1042. Specific surface area
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(Sger) was calculated by the BET equation. The
pore diameters (D) and their distributions (dV/dD)
were calculated by density functional theory (DFT)
method. Pore volumes were estimated at relative
pressure of 0.99.

UV spectra of p-ABA buffer solutions were
recorded in the 200—400 nm spectral range with a
Specord M-40. Quarts cells with 2 and 10 mm path
length were used. All spectroscopic measurements
were made with temperature-controlled cell holder
and water bath.

pH values of p-ABA buffer solutions were
measured by an lonometer 1-120.1.

Concentrations of grafted 3-chloropropyl
groups of mesoporous silicas were determined by
titration of chloride-anions released as a result of
alkaline hydrolysis of the C—CI bonds [34] with
mercury(ll) nitrate [35].

The content of N-(2-aminoethyl)-3-amino-

propyl and N-[N’-(N’-phenyl)-2-
aminophenyl]-3-aminopropyl groups of modified
silica was calculated from the results of

potentiometric titration with 0.01 M HCI [36].

Synthesis of mesoporous silicas. Mesoporous
silicas MCM-41 and CI-MCM-41 were prepared in
water-ethanol-ammonia solution according to
reported co-condensation procedure [37] with
cetyltrimethylammonium bromide as a structure
directing agent, with tetraethylorthosilicate and
(3-chloropropyl)triethoxysilane as a silica source.

Selective chemical modification of outer
surface of template-containing MCM-41 silica
particles with vapours of (3-chloropropyl)-
triethoxysilane was carried out by use of special
vacuum equipment [37]. Mesoporous silica was
placed into a quarts evacuated reactor and degassed
at 393K for 2h before silane coupling. Then
adsorber vessel filled with
(3-chloropropyl)triethoxysilane ~ was  frozen,
degassed in a vacuum for 10 min, unfrozen, and
connected with a reactor in which there was
mesoporous silica. The vacuum-pretreated system
containing mesoporous silica and modifier was
heated up to 383K for 2h. The reactor was
evacuated to remove volatile reaction products and
unreacted  modifier.  After the  chemical
modification procedure the surfactant was
extracted from the pore channels of Cl\p-MCM-41
silica into acid-ethanol medium.

Directed immobilization of
N-(2-aminoethyl)-3-aminopropyl ~ groups  on
external surface  of  template-containing

CI-MCM-41 silica was realized in vapour phase by
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use of 1,2-ethylenediamine as modifier in
accordance with the synthetic procedure described
for Clp-MCM-41. Reaction of nucleophilic

HoN~\_—NH;
in vapor phase

substitution between surface chloropropyl groups
of CI-MCM-41 silica and vapours  of
1,2-ethylenediamine is represented in Scheme 1.

HoN HyN

Cl-MCM-41

—HClI

in acetonitrile

EDA,;-CI-MCM-41

sacjoas

—HClI

Clyp-MCM-41

Scheme 1.  Chemical immobilization of

N-(2-aminoethyl)-3-aminopropyl

ADPA-Cl,,,-MCM-41

and  N-[N’-(N’-phenyl)-2-

aminophenyl]-3-aminopropyl groups on outer surface of CI-MCM-41 and Clyp-MCM-41, respectively

ADPA-Clp-MCM-41 silica was prepared by
reaction between primary amino groups of
2-aminodiphenylamine (2-ADPA) and
3-chloropropyl groups of Clp-MCM-41 silica
(Scheme 1). Briefly, Clp-MCM-41 silica (2 g) was
placed into a three-necked reactor supplied with a
stirrer and a reflux condenser, and suspended in a
small amount of acetonitrile (20 ml) at room
temperature for 30 min. Then, 2-ADPA (0.368 g)
was dissolved in acetonitrile (5 ml) and added to
reaction mixture. Modification was carried out with
continuous stirring at solvent reflux temperature
(355 K) for 12 h. Synthesized ADPA-Cls-MCM-41
silica was filtered and washed sequentially with
acetonitrile, ethanol, and distilled water. Resulting
product was dried in air at 373K for 2 h, then
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cooled to room temperature and kept in desiccator
before use.

Loading of mesoporous silicas with p-ABA.
Powdered MCM-41-type materials were loaded
with p-ABA by soaking them in a concentrated
solution of biologically active compound. Batch of
mesoporous silica (0.5 g) was added to solution of
para-aminobenzoic acid (1 g in 10 ml of absolute
ethanol). Mixture was kept under continuous
magnetic stirring at 293K for 72h. Then,
suspension was filtered in vacuum, solid product
was washed with small amount of ethanol to
remove adsorbate from external surface of carrier,
and dried at room temperature. To take away trace
amounts of ethanol, p-ABA-loaded mesoporous
silica was dried in vacuum for 2 h and stored in
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desiccator. Content of absorbed p-ABA was
estimated by thermal analysis of resulting
acid-loaded silica material.

Release of p-ABA from mesoporous silicas.
p-ABA release procedure was performed in
phosphate buffer and hydrochloric acid solutions
with pH=6.86 and pH=1.00, respectively, at
293 K over 72 h. For this, batches of mesoporous
silica impregnated with p-ABA (0.01g) were
placed into 100 ml volumetric flasks, and
phosphate buffer solution (20 ml) was added under
continuous stirring. Aliquots of extracted solutions
were removed for analysis at time intervals from
5 min to 72 h. Concentration of p-ABA in release
medium was determined with UV spectroscopy by
monitoring the changes in absorbance at 266 nm in
phosphate buffer solutions and at 271 nm in
hydrochloric acid solutions. Calibration curves of
p-ABA in phosphate buffer and hydrochloric acid
solutions  were plotted in the range
0.05-1 mmol-g*. Content of p-ABA filling the
pore volume of mesoporous carrier was calculated
from desorption data.

RESULTS AND DISCUSSION

Controlled release of biologically active
substance is an effective approach to attain its high
local concentration in diseased tissues. Therefore,
anchoring of functional groups disposed to
association on external surface of silica particles is
used for development of nanovalves for delivery
application. In the present paper, results of X-ray
diffraction and low-temperature ad-desorption of
nitrogen were used to confirm hexagonal order of
porous structure of sol-gel synthesized silica
materials and silicas selectively modified with
N-(2-aminoethyl)-3-aminopropyl or N-[N’-(N’-
phenyl)-2-aminophenyl]-3-aminopropy! groups by
postsynthetic activation.

Powder X-ray diffraction patterns of MCM-41,
CI-MCM-41, Chp-MCM-41, EDAyr-CI-MCM-41,
and ADPA-Cly,-MCM-41 silicas are shown in
Fig.1. Three well-resolved diffraction peaks
assigned to (100), (110) and (200) reflections are
registered in all diffractograms confirming
formation of two-dimensional periodic hexagonal
lattice which is typical for MCM-41 materials.

Postsynthetic modification of MCM-41 with
(3-chloropropyl)triethoxysilane in vapour phase
leads to increase in intensity of (100) reflection on
diffractogram of Clyp-MCM-41 (Fig. 1). Moreover,
position of diffraction peak which corresponds to
(100) reflection of hexagonally ordered structure in
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diffractogram of Clyp-MCM-41 is in a good
agreement with its location for parent MCM-41
silica (Fig.1, curvesl,3). So, vapour-phase
treatment of template-containing MCM-41 with
(3-chloropropyl)triethoxysilane has no effect on the
mesoporous structure of silica carrier and results in
selective chemical modification of outer surface of
silica particles.

L au.
100

110700

—

1!

5§ 7 9
26, deg

X-ray diffraction patterns of MCM-41 (1),
CHVICMVHL (2), CheMCMHL (3), EDACHVICMHAL
(4),and ADPA-Clp-MCM-41 (5)

Fig. 1.

Preservation of well ordered hexagonal
structure is  observed after  postsynthetic
functionalization of CI-MCM-41 silica with
1,2-ethylenediamine in vapour phase. Intensity of
(100), (110), and (200) reflections on diffractogram
of EDA-CI-MCM-41 is higher than that of
CI-MCM-41 (Fig. 1, curves2,4). It should be
noted that position of (100) peak for CI-MCM-41
and EDA\p-CI-MCM-41 after template extraction
almost coincides. Hence, functionalization occurs
mainly on exterior surface of mesoporous silica.

Immobilization  of  N-[N’-(N’-phenyl)-2-
aminophenyl]-3-aminopropyl groups in surface
layer of Clp-MCM-41 does not cause noticeable
changes in low-angle peak position (Fig.1,
curves 3,5). Thus, structural parameters of
selectively modified chloropropylsilica are kept
after postsynthetic activation with 2-ADPA
(Table 1).

Specific surface areas of silica carriers were
calculated by the BET equation, pore diameters
and their distributions were estimated from
isotherms of nitrogen low-temperature
ad-desorption using DFT method (Fig. 2, Table 1).
Postsynthetic vapour-phase functionalization of
outer surface of MCM-41 and CI-MCM-41 with
3-chloropropyl and N-(2-aminoethyl)-3-aminopropyl
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groups,  respectively, is accompanied by
insignificant change of specific surface area of
resulting Clp-MCM-41 and EDAyp-CI-MCM-41
silicas. At the same time, it proceeds without
reducing the pore size and pore volume of silica
materials (Table 1). Obviously, the technique of
(3-chloropropylytriethoxysilane and 1,2-ethylene-

Table 1. Structural parameters of ordered mesoporous silicas

diamine immobilization on exterior surface of
template-containing CI-MCM-41 particles prevents
the formation of organic layer in their pores. As a
result, mesoporous structure of initial MCM-41
and CI-MCM-41 silicas with cylindrical pores of
uniform size is retained after postsynthetic
modification.

Silica X-ray analysis Low-temperature ad-desorption of nitrogen
digo, "M a,nm D,nm B, nm S, m’lg V, cm®/g D, nm
MCM-41 4.17 4.82 3.67 1.15 873 0.67 3.54
ClI-MCM-41 3.98 4.59 3.73 0.86 763 0.81 3.54
Clyp-MCM-41 4.13 4.77 3.70 1.07 655 0.71 3.76
EDAp-CI-MCM-41 4.02 4.64 3.87 0.77 808 0.88 3.54
ADPA-Clyp-MCM-41 4,10 4.73 3.68 1.05 610 0.71 3.76

d100 — distance between the reflecting planes; a — distance between the pore centers of the hexagonal structure;
D — pore diameter; B — pore wall thickness; S — specific surface area; V — total pore volume

It can be seen (Table 1) that specific surface
area of Clyp-MCM-41 decreases from 655 to
610 m“g " as a result of N-[N’-(N’-phenyl)-2-
aminophenyl]-3-aminopropyl groups immabilization.
At the same time, shrinkage of pore volume is not
observed after postsynthetic chemical
functionalization of Cl,,-MCM-41 in liquid phase.
A slight decrease in specific surface area at
constant pore volume is a result of modifying only
external surface of Clyp-MCM-41.

Amino acids are the appropriate biologically
important model adsorbates as they contain both
basic and acidic functional groups in their
structure, and have molecular dimensions
comparable to pore sizes of MCM-41 silicas.
Para-aminobenzoic acid was chosen from variety
of amino acids for release kinetic studies due to its
weak interaction both starting and modified silicas
in phosphate buffer (pH =6.86) and hydrochloric
acid (pH =1.00) solutions. This peculiarity of
p-ABA is useful for clarification of surface
nanovalves contribution to retention of aromatic
amino acid in mesoporous space of carriers in
aqueous media with different pH.

Obviously, this is preferentially caused by
weak interaction of loaded p-ABA with silanol and
3-chloropropyl groups lining pore walls of
synthesized silicas. It has been found that p-ABA is
not adsorbed on a surface of studied MCM-type
silicas from aqueous media with pH=1.00 and
6.86. Obtained results are in a good agreement with
the data on para-aminobenzoic acid sorption on
mesoporous silica with disordered structure [38].
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Release of p-ABA from synthesized mesoporous
silicas is mainly controlled by diffusion through
cylindrical channels, and equilibrium is reached
after several minutes. Kinetic curves of p-ABA
desorption at pH=100 from MCM-41,
CI-MCM-41, and Cl,p-MCM-41 silicas are similar
to its extrication profiles at pH = 6.86. The content
of para-aminobenzoic acid filling the pore space of
MCM-41, CI-MCM-41, and Chp-MCM-41
calculated from desorption data and thermal
analysis of acid-loaded silica materials is
represented in Table 2.

Liberation of p-ABA from mesoporous
channels of MCM-41, CI-MCM-41, and
Clp-MCM-41 is characterized by immediate
transition of biologically active compound into
release medium (Fig. 3).

Selective immobilization of blocking groups
onto external surface of CI-MCM-41 and
Clyp-MCM-41 silica particles was realized to retain
high loading capacity and provide controlled
release of biologically active compound. The
loading of EDAp-CI-MCM-41 and
ADPA-Clyp-MCM-41 with p-ABA determined by
UV spectroscopy is equal to 1.23 and 0.83 mmol/g
instead of 0.98 and 1.41 mmol/g for CI-MCM-41
and Chp-MCM-41, respectively (Table2). The
reason for this probably is a change in specific
surface area of CI-MCM-41 and Cl,,-MCM-41
after chemical interaction with 1,2-EDA and
2-ADPA (Table1). Chemical attachment of
N-(2-aminoethyl)-3-aminopropyl  groups  onto
external surface of CI-MCM-41 particles increases
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the amount of aromatic amino acid introduced into groups from liquid phase reduces the quantity of
the pores of silica, and chemical immobilization of p-ABA in silica mesopores volume (Table 2).
bulky N-[N’-(N’-phenyl)-2-aminaphenyl]-3-aminopropyl
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Fig. 2. Nitrogen ad-desorption isotherms (a) and pore size distributions (b) for MCM-41 (1), CI-MCM-41 (2),
Clyp-MCM-41 (3), EDAy»-CI-MCM-41 (4), and ADPA-Cl\p-MCM-41 (5)
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Fig. 3. Kinetic curves of p-ABA release at pH = 6.86 from MCM-41 (1), CI-MCM-41 (2), and Clp-MCM-41 (3)

Table 2. Content of p-ABA in pores of MCM-41 functional materials (by UV spectroscopy and thermal analysis data)

Silica Functional groups Content of loaded p-ABA
chemical structure content, mmol/g UV spectroscopy Thermal analysis
mmol/g mg/g mmol/g mg/g
MCM-41 =SiOH - 2.03 278 2.02 277
Cl-MCM-41 =SiOH - 0.98 134 0.92 126
—(CH,)5Cl -
Clyp-MCM-41 =SiOH - 1.41 193 1.42 195
—(CH,);Cl 0.15
EDAp-CI-MCM-41 =SiOH - 1.23 169 1.20 164
—(CH,)5Cl -
—(CH,)3NH(C,H,)NH, 0.10
ADPA-Clyp-MCM-41 =SiOH - 0.83 114 0.89 122
—(CH,)5Cl -
—(CH,)3NH(CgH,)NH(CsH,) 0.11
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A comparative study of p-ABA release profiles
from EDA-CI-MCM-41 and ADPA-Cls-MCM-41
was carried out in phosphate buffer and
hydrochloric acid solutions. It was found that
postsynthetic chemical modification of CI-MCM-41
and Chp-MCM-41 with amine-containing groups
of various structures did not provide full effect of
p-ABA holding in silica mesopores. However, the
amount of p-ABA which goes in a solution at
pH =6.86 (Fig. 4 a) is less than that at pH = 1.00
(Fig. 4 b). It can be supposed that some anchored
amino-containing groups are located closely
enough to cooperate and prevent p-ABA release
from mesopores at pH=6.86. At pH=1.00
repulsion of positively charged amino groups
which are chemically attached to external surface
of particles near by pore outlets of
EDA-CI-MCM-41 and ADPA-CI-MCM-41
silicas provides unhindered liberation of aromatic
amino acid from mesoporous channels (Scheme 2).
It should be noted that at high density of
polyamines chemically grafted on external surface
of silica particles its protonation leads to repulsion
of brush-like packed functional moieties and
closing of pore entrances [27].

A, mmol/g
1.6

1.2

—

0.5

L)

0.4

0.

0 100 200 300 1500 4500

t, min

a
A, mmol/g
1.6
1_2_.._—0—0_._4—01
p.gr—e 2
0.4
O'OO 100 300 1500 : 4500

t, min
b

Fig. 4. Kinetic curves of p-ABA release from
EDACI-MCM-41 (1) and ADPA-Cl,s-MCM-41
(2)at pH=6.86 (a) and at pH=1.00 (b)

Additional measurements were carried out to
confirm the role of N-(2-aminoethyl)-3-aminopropyl
and N-[N’-(N’-phenyl)-2-aminophenyl]-3-aminopropyl
groups located on external surface of mesoporous
silicas as nanovalves with pH-controlled opening
and blocking properties. Release kinetics was
studied for p-ABA loaded EDA\p-CI-MCM-41
and ADPA-Cl\p-MCM-41 carriers preliminary
rinsed with phosphate buffer solution (pH = 6.86).
As can be seen in Fig. 5, para-aminobenzoic acid
retains in mesoporous channels of silica carriers
equipped with N-(2-aminoethyl)-3-aminopropyl or
N-[N’-(N’-phenyl)-2-aminophenyl]-3-aminopropy!
groups at pH = 6.86 and liberates at pH = 1.00.

Delivery of p-ABA registered under neutral
conditions (pH =6.86) is negligible that can be
explained by blocking of pore entrances with
surface amino-containing groups (Scheme 2,
Fig.5). On lowering pH value, the amount of
liberated p-ABA increases rapidly (Fig.5).
Obviously, protonated amino groups grafted on
external surface of silica particles are repulsed
under these conditions, and pore entrances become
accessible for release processes. Thus, triggering of
p-ABA release can be induced by lowering pH
value from 6.86 to 1.00. Values of aromatic amino
acid storage in blocked pores of rinsed
EDA-CI-MCM-41 and ADPA-Cl-MCM-41
silicas are in a good agreement with differences of
p-ABA liberated from un-rinsed carriers in neutral
and acidic media (Figs.4,5). The effects
contributing the pore blockage are less pronounced
in the case of N-(2-aminoethyl)-3-aminopropyl
groups. As it can be seen in Fig.5, N-[N’-(N’-
phenyl)-2-aminophenyl]-3-aminopropyl  groups
retard the release of p-ABA from mesoporous
channels more effectively than
N-(2-aminoethyl)-3-aminopropyl ones. As content
of immobilized blocking groups in
EDA-CI-MCM-41 and ADPA-Cl-MCM-41
silicas is commensurable, observed effect can be
connected with distinctions in its geometrical
dimensions. In general, pH-controlled nanovalves
which was constructed by chemical immobilization
of N-(2-aminoethyl)-3-aminopropyl or N-[N’-(N’-
phenyl)-2-aminophenyl]-3-aminopropyl groups on
outer surface of mesoporous MCM-41 silicas can
be suitable for retention of biologically active
amino acid and its delivery.
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pH = 6.86

pH = 1.00

\

C
\4

Storage of p-ABA in blocked pore channels at pH = 6.86 and its liberation through opened pore entrences at

4

-—3

3970

Scheme 2.
pH = 1.00
A, mmol/g
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i o__.___.——.--——'I
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"0 50 100 150200 3950
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Fig. 5.

Kinetic curves of p-ABA release from ADPA-Clyp-MCM-41 (1, 3) and EDA\p-CI-MCM-41 (2, 4) at pH = 1.00

and 6.86, respectively (after rinsing by buffer solution with pH = 6.86)

CONCLUSIONS

The MCM-41-type materials with
amino-containing functional groups located on
external surface of silica particles were synthesized
by combination of sol-gel method with
postsynthetic chemical modification. Results of
X-ray diffraction and low-temperature
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ad-desorption of nitrogen are an evidence that
immobilization of N-(2-aminoethyl)-3-aminopropyl or
N-[N’-(N’-phenyl)-2-aminophenyl]-3-aminopropy!
groups on outer surface of silica particles leads to
preservation of mesoporous structure of initial
MCM-41 and CI-MCM-41 silicas with cylindrical
pores of uniform size. Despite different loading of
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mesoporous silicas, release kinetics has the same
character. Obviously, content of p-ABA in
mesoporous channels of silica carriers had no
influence on drug release rate. It has been found
that desorption of p-ABA from mesoporous
channels of silica carriers occurs at the first contact
with aqueous solution and has identical character in
acidic and neutral media. Localization of blocking
amino groups near by pore orifices provides

and controlled liberation of biologically active
compound at pH change. Blocking of pore
openings arising from interactions between closely
attached amino-containing functional groups of
carrier at pH =6.86 prevents para-aminobenzoic
acid release, whereas at pH =1.00 repulsion of
protonated amino groups provides unhindered
liberation of aromatic amino acid from its
mesoporous channels.

preservation of high loading capacity of carriers

JexopyBanHs BxoaiB y nopu MCM-41 amiHOBMiCHUMH rpynamMu
AJst pH-KOHTPOJILOBAHOT0 BUBIJILHEHHS nApa-aMiHOOEH30MHOI KHCJI0TH

H.B. Poik, JI.O. BeasikoBa, M.O. /I3a3bK0, O.1. Opancbka

Inemumym ximii nosepxni im. O.0. Yyiika Hayionanvuoi axademii nayk Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Vrpaina, roik_nadya@ukr.net

THoeonanusam 301b-2e1b KOHOEHCAYIi Ma NOCM-CUHMEMUYHO20 XiMIYHO20 MOOUDIKYEAHHS 00EPAHCAHO
BUDIPKOBO  MOOUGDIKOBAHT KpeMHe3eMHI mamepianu 3 OOHOPIOHUMU 2eKCACOHAILHO BHOPSIOKOBAHUMU
YUHOpUUHUMY Me30onopamu. I excazonanvHy cmpykmypy nop KpemHe3eMHUx HOCiig niomeeposiceno OaHumu
PeHmeeHIBcbKoi Jugbpaxyii ma HuzbKOmMeMnepamypHoi ao-oecopbyii azomy. Buicm ¢hynkyionanvrux epyn,
IMMOOII308AHUX HA 3068HIUHIN NOBEPXHI YACTNUHOK KPEMHE3EMY, BUSHAUWIU 3 PE3YIbIAMIE XIMIYHO20 AHANIZY
npooykmie — peakyii.  30amHicmb  ME30NOPUCUX — KPEeMHe3eMi8,  CHPAMOBAHO  MOOUDIKOBAHUX
N-(2-aminoemun)-3-aminonponinenumu uu N-[N’-(N’-¢henin)-2-aminoghenin]-3-aminonponinenumu epynamu,
00 GUBINbHEHHS OIONO2IUHO AKMUGHUX DEYOBUH GUEUEHO HA NPUKIAdl Napa-aminoOeH30UHOI KUCAOMU.
Bemanoeneno, wo oecopbyiro apomamuunoi aminokuciomu 3 KAHANE Me30n0p KpeMHe3eMy MOJICHA
peaynroeamu, GUKopucmosyiouu pH-uymausi ¢yynkyionansvui epynu, XiMiuHo 3aKpinieni Ha 306HIWHIL NOGEPXHI
KpemHesemy.

Knrouoei cnoea: 3o1v-2env cunmes, napogastie moougixysants, decopoyis, NOBEPXHesi 61acmuU80Cmi

JlexopupoBanue Bxoa0B B nopsi MCM-41 amuHocoaepxaliiMu rpynmnamMu
1151 pH-KOHTPOJIMPOBAHHOT0 BHICBOOOKIEHUS HAPA-AMUHOOEH30HHONH KUCIOTHI

H.B. Pouk, JI.A. bBeasikoBa, M.A. /I3a36K0, E.U. Opanckas

Hucmumym xumuu nosepxnocmu um. A.A. Yyiiko Hayuonanvrou akademuu Hayx Yxkpaurol
yiu. Fenepana Haymosa, 17, Kues, 03164, YVkpauna, roik_nadya@ukr.net

Couemanuem 3071b-celb KOHOCHCAYUU U  NOCHI-CUHMEMUYECKO20 XUMUYECKO20 MOOUDUYUPOBAHUS
ROTYyYeHbl U3OUPAMETLHO MOOUDUYUPOBAHHbIE KPEMHE3eMHble MAMeEPUAbl ¢ OOHOPOOHBIMU 2EKCA2OHATILHO
VHOPAOOUEHHBIMU  YUTUHOPUHECKUMU — Me30nopamu. | eKcacoHanbhas cmpyKkmypa nop KpeMHe3eMHbIX
Hocumeneti NOOMBEPAHCOeHAd OAHHLIMU PEHM2EHOBCKOU OUpPaAKyuy U HUSKOMEeMRepamypHoU ao-0ecopoyuu
azoma. Coolepoicanue QYHKYUOHATLHBIX 2PYnn, UMMOOUTUZ08AHHBIX HA BHEUHEll NOBEPXHOCMU Hacmuly
KpeMHe3eMd, PACCUUMbIBANU U3 PEe3VIbMaAmo8 XUMUYECK020 aHanu3a npooykmosg peakyuu. CnocobHocmb
ME30NOPUCIBIX KDeMHE3eM08, uzbupamensHo moouguyuposannvix N-(2-amunosmun)-3-amunonponuibrvimu
wnu N-[N’-(N’-gperun)-2-amunoghenun]-3-amunonponunvuvimu 2pynnamu, K blc8000HNCOCHUIO OUOTOSUUECKU
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Decoration of MCM-41 pore entrances with amino-containing groups for pH-controlled release

AKMUBHbIX 6euecme U3y4ena Ha npumepe napa-wwuH06eH3012HOL7 Kucjaomaul. ycmaHO@JZEHO, umo dec0p61/;ur0
apOMamuquKoﬁ AMUHOKUCTIONMblL U3 KAHRAJI06 ME30N0p KpPEeMHE3eMA MOJNCHO pecyaupoeanib, UCNOJIb3YA
pH—qyecmeumeﬂbele d)yHKL[MOHaJZbelE cpynnsl, XUMUYECKU 3AKPENJIEHHblE HA BHelHell noBepxXHocmu
KpemHesema.
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