AncopbupoBanHsii A snoupoBaiu aleTOHUT-
pUIOM U OMpPEAEIsaN €ro CojiepkaHue, Kak OMu-
CaHO BBHIIIE.

ITonyueHHBlE HAaHHBIE MO3BOJSIOT paspabdo-
TaTh METOJAUKY aHanu3a (eHoJa, KOTOpash BKIIO-
4aeT ero MHUKPO3KCTPAKIHUIO C MOCIEAYIOIHUM ¢o-
TOMETPUYECKUM OTpeNeleHneM. BbICokasi WHTEH-
CUBHOCTb OKpPAacKu ajicopOaTa Ha MOBEpXHOCTH T X-
SO, nenaer BO3MOXKHBIM oOTpejaencHue (eHona
TECT-METOJIOM.

PE3IOME. fIx TtBepmoda3Hmii eKcTpareHT IS BHIY-
4eHHS (peHOITy 3aIIpOITIOHOBAHO KPEMHE3eM 3 KOBAJICHTHO 3a-
KpIIUICHUMH TpynaMH HEHOHOTEHHOI TOBEPXHEBO-aKTHB-
HO1 PEYOBHHH — TIOJTIOKCHETIIIHOBAHOTO 1300KTUI(HEHOTY
(TX-SiO,). Becranosneno, mo (eHon KinbKiCHO BUIy4a-
erbest Ha TX-SIO, y dopmi Honnoro acomiaty (MA)
4-giTpodeHina3zoPeHonITy 3 KaTIOHOM IETHITPHUMETHII-
amoHito. [Ipu mpomy emHicTh 3a (eHONIOM B oOnacri
Tenpi ckmamae 2.3 mr/r copbenty, a koedimieHtu pos-
moxiny ¢eHony mocsraroTh 3HadeHb 3.4X0° cm/r.

SUMMARY. New solid phase extractant on the base
of silica modified by covalently grafted nonionic surfactant
(polyoxyethylene isooctylphenyl ether) was developed for
phenol extraction from water (TX-SiO,). It was stated
that its quantitative extraction by the proposed TX-SiO,
is conducted in the form of ion-associate of 4-nitrophen-
ylazophenolate with cetyltrimethylammonium cation. Thus
the distribution coefficients of phenol average 3.4:404 ml/g,
and capacity in the Henry area comes to 2.3 mg/g.
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MESOPOROUS SILICA MATERIALS AS SENSITIVE COMPONENTS

FOR CHEMO- AND BIOSENSORS

M esoporous silica various morphology have many desirable properties as separation media. There high surface
area and uniform porosity make them promising hosts for sensing molecules. Possibility of creation of chemical
sensors on the basis of functionalized mesoporous silica materials for selective determination of herbicide

was monitored in relation to HRP/2,4-D conjugate.

The fidd of sensors is one of the fastest gro-
wing areas both in research and commercial fields.
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Most of the research work in this area is concen-
trated towards reducing the size of sensors and
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at identification and quantification of multiple spe-
cies. Also, quick response, minimum hardware
requirement, good reversbility, sensitivity, and se-
lectivity are qualities expected of an excellent sen-
sor and hence there is a need for further research.
Hence, the development of new devices that enable
direct, sensitive and rapid analysis of these species
could impact in significant ways.

Inorganic supports with favorable surfaces
for the immobilization which result in high sensor
activity have been highly sought [1, 2]. However,
formation of the channels and the pores of the
sol—-gel matrix is not controlled, and various sizes
of pores and channels are formed, ranging from
0.1 to 500 nm in size. Often interconnected micro-
pores and channels are formed, allowing only
the smallest of the substrates to penetrate, while
the bigger substrates clog the channels, sowing
the reactions. The hexagonal mesoporous silica ha-
ve great potential for high organic molecules loa-
ding, provided that pore size is sufficiently large
for some organic molecules (enzyme, pegticide, to-
xine, biomolecules) to be anchored and also for
it substrate to access and diffuse easily through
pore channel such as appropriate functional
groups provide high affinity for various biomo-
lecules [3, 4]. Self-organized materials with high
surface area and pore size 3—25 nm was produced
used templating and coassembly. The highly porous
nature of the ordered combined with low adsor-
ption and emission in the visible spectrum, facile
diffusion makes them good candidate for optical
and chemical sensor and provide new avenues for
encapsulation/immobilization processes and solve
the problems mentioned above. We shown that
these mesoporous silica materials, with variable
pore sizes and susceptible surface areas for functio-
nalization, can be utilized as good separation
devices and immobilization for biomolecules, where
the ones are sequestered and released depending
on their size and charge, within the channels.

M esoporous silica with large-pore-size struc-
tures, are best suited for this purpose, since more
molecules can be immobilized and the large poro-
sity of the materials provide better access for the
substrates to the immobilized molecules. The me-
chanism of bimolecular adsorption in the meso-
pore channels was suggested to be ionic interac-
tion. On the first stage on the way of creation
of chemical sensors on the basis of functionalized
mesoporous silica materials for selective determi-
nation of herbicide in an environment was conduc-
ted research of sorption activity number of such
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materials in relation to 2,4-D.

It is known that mesoporous slica can be syn-
thesized either the alkaline or the acidic route,
using surfactants as templates [3, 4]. Morpholo-
gical transformations of mesoporous silica can pro-
duce various hierarchical orders. Depending to syn-
thetic condition different morphologies can be pro-
duced. In the alkaline medium, the surfactant/sili-
cate liquid crystal system undergoes phase trans-
formation to form vesicles and further transforms
to the hexagonal phase [5, 6]. The results are tu-
bule-within-tubule and hollow pillar-within-sphere
structures depending on co surfactant/surfactant
composition. Using the acidic medium, can obtain
hierarchical ropes or gyroids depending on stirring
conditions. Ammonia hydrothermal treatment can
induce further morphological transformation to
nanotubes of mesoporous slica. One member of the-
se materials, MCM-41, which consists of a hexa-
gonal arrangement of uniformly sized parallel chan-
nel pores, is very interesting for its rich morpho-
logical transformations [2].

Various morphologies can be achieved for me-
soporous silica using either the templating method
or the phase transformation approach. These usu-
ally involve order or shape in the micron scale.
In addition to the normal particulate form, there
are fibers and ropes, gyroids and discoids, hollow
and solid spheres, films, tubular, and pillar-within-
spheres [7].

The possible structural properties mesoporous
materials and their morphology are reported in tab-
lel and fig. 1.

Organic-inorganic composites may combine
the unique properties of both components [8]. Due
to own microstructures they would greatly impro-
ve their performances, such as better mechanical
properties, chemical and thermal stability, and
higher sensitivity, etc. M any novel organic-inorga-
nic nanocomposites have been prepared from me-

Table 1

Structural properties of mesoporous materials
Material | Symmetry | D, nm | V, cm3/g S, mzlg
MCM-41 Hexagonal 2.0-4.0 0.6-1.0  700-1200
MCM-48  Cubic 25-3.0 0.8-1.1 1100-1600
SBA-15 Hexagonal 5-10 0.5-1.2 1100-1600
SBA-16 Cubic 4.0-6.0 0.3-0.5  700-900
M CF Spheric 18.0 1.2-2.0  400-900
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Fig. 1. TEM image of MCM-41 with a pore
diameter of 3nm.

soporous and mesostructured materials through
one-pot synthesis, post-synthesis modification, graf-
ting of reactive organic complexes. Special empha-
sis concerned with their preparation, characte-
rization, and applications in optics, electronics,
mechanics, sensors, and lasers etc. We can focused
on three sorts of organic-inorganic nanocompo-
sites from mesoporous and mesostructured mate-
rials — organic substances molecularly dispersed
in the frameworks, functional organic molecules
or groups in the internal pore channels, and po-
lymer materials encapsulated in the pore channels.

The discovery of mesostructured silica formed
by the cooperative sdf-assembly of silicates and
surfactants has opened up a new range of possibi-
lities for chemical sensors. The highly porous na-
ture of these materials makes them excelent hosts
for sensng molecules, since the species to be sensed
can easly diffuse towards the sensing centre [9, 10].

Two important considerations in developing
an optical sensor are the occlusion of the sensing
dye/complex physical occlusion vs the diffuson ti-
mes of the target analyte, which are determined
by the microstructure. Whereas the first point is
important to leaching and hence to long-term ope-
ration, the second point determines the response
times. Principally, the requirements of fast respon-
se and negligible leaching can be fulfilled advan-
tageoudy in large-pore mesoporous materials by
covalently anchoring the active sensor dye during
synthesis and low-temperature removal of the
structure directing agent afterward. On the basis
of this consideration, simultaneously, two research
groups developed pH sensors based on covalently
linked fluorescein derivatives, a pH-sensitive dye.
Experimental studies of doped mesostructured
silica are in progress in an effort to gain further
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mechanistic insights [11].

In this context, the controlling of the morpho-
logy, pore structure and the adjusting of the ref-
ractive index to control the degree of evanescent—
wave interaction) of doped mesostructured silica
should be carefully investigated, in order to deve-
lop new materials with excellent sensor properties.
Extraction of the surfactants effect on the sensi-
tivity of the sensor and dye presence form in the
host matrix remain under investigation [12].

M esoporous sol-gel materials, are among the
ideal host matrixes for immobilizing enzymes be-
cause of their large pore volumes and controllable
pore sizes with narrow distributions appropriate
for inclusion compounds [13]. Although indirect
enzyme immobilization in mesoporous materials
has been achieved by impregnating enzyme into
the MCM-41 matrix post-synthetically, there are
few reports on one-step direct immobilization of
bioactive species in surfactant-template mesopo-
rous sol—-gel materials, due to the harsh conditions
used in the synthesis of MCM-41 or other ordered
molecular sieves such as high temperature, pres-
sure and/or strong acids. Previous studies show
that near neutral pH and room temperature condi-
tions are generally required for successful sol—gd
immobilization of enzymes [14].

As a continuing investigation of the mesopo-
rous materials as element for sensor, here we fur-
ther explore the use number of mesoporous silica
for direct immobilization of biomolecules. We de-
monstrate the principle by immobilization horse-
radish peroxidase (HRP) and 2,4D gerbicyde as
mode enzyme system. With that end in view the va-
rious silica silica matrix with miscellaneous struc-
tural parameter were prepared and characterized
(table 2, fig. 2).

Table 2
Structural properties of the monitored mesoporous materials

Sample | Symmetry| D, nm |V, cm3/g S, m2/g
MCM-41 Hexagonal 3.0 0.67 989
MCM-48  Cubic 25 1.29 1690
KBT-22 Hexagonal 33 0.6 834
SBA-15 " 10.7 1.02 375
SBA-15 " 10.7 1.13 420
MCF-1 Spheric 8.1 1.74 770
MCF-2 ” 11.9 19 790
MCF-3 ” 13.9 21 840

ISSN 0041-6045. YKP. XMM. XXYPH. 2005. T. 71, Ne 9



d

Fig. 2. Possible structure of mesoporous materials:
ab — MCM-41, SBA-15; cd — MCM-48; e — MCF.

The apparent activity of HRP/2,4D conjugate
was studied, in order to monitore the influence
of the matrix on the level of selectivity binding
of conjugate in the various mesoporous materials.
Results obtained with the help of enzyme immu-
noassay (ELISYS 2 HUMAN), shows in fig. 3.
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Fig. 3. Level of selectivie binding of of conjugate in
the various mesoporous materials.

Above results testify that none of the explored
structural parameters of matrix to be no the fac-
tor of efficiency of binding of biomolecules (fig.
4). Optimum there is the SBA-15 matrix to the ty-
pe SBA-15, that has the relatlvely small area of e
cific surface area (420 cm /m) diameter of chan—
nels a 10.7 nm and pore volume of 1.13 cm /g
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Fig. 4. Factors which influence on the level of the selective
binding of (from above resulted parameters of matrix
which has the greatest level (705,2138) pore diameter, the
pore volume and specific surface area: a — pore diameter;
b — pore volume, ¢ — specific surface area; d — level
of selectivity.

PE3IOME. Po3rasiHyTO MOJJIMBOCTI CHHTE3y Ta 3a-
CTOCYBaHHSI ME30NOPHUCTHX KPEMHE3eMHHX MaTtepiaiiB pi3-
HOT MOPQOJIOTI] IK MATPHUIb I CEHCOPIB Pi3HOTO MpHU3HA-
yeHHs. [10Ka3aHO MOXKIUBICTE CTBOPEHHSI 0I0CCHCOPIB ISt
aHAJTITUYHOTO BU3HAYCHHS TepOINUIiB Ha TPUKIAaI Haii-
OLTbII TOIIMpeHoro B CBiTI repOinuny 2,4-D.

PE3IOME. PaccMoTpeHBI BO3MOXHOCTH CHHTE3a H
NPUMEHEHUS ME30MOPUCTBIX KPEMHE3EMHBIX MaTEepHalOB
pa3InyHO MOPQOJIOTHH B Ka4eCTBE HJIEMEHTOB CEHCOPOB
pasnuyHOTO (YHKIMOHAJIBHOTO Ha3HaueHHs. [lokazaHa
BO3MOJKHOCTH CO3JJaHHsI OMOCEHCOPOB IS aHAIUTHUIECKO-
ro omnpeneneHns repOHIHIOB Ha HpuMepe Hanboiiee pac-
MPOCTPaHEHHOTO B Mupe repounmna 2,4-D.
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PI3BHOJIIITAHAHI KOMIIVIEKCHU JJAHTAHY 3 KCHJIEHOJIOBUM OPAHXEBUM
HA TITOBEPXHI XIMIYHO MOAU®IKOBAHNUX KPEMHE3EMIB

MeronaMu CHeKTpockomii qudy3iiHOTO BIAOUTTS AOCITI/KEHO YTBOPEHHsS pi3HOJiranaHux komiuiekcie La (I1I) i3
3aKpIlUICHUMH Ha MOBEPXHI KpeMHe3deMy koMmuiekcoHamMu SiO,~L (L — ermnennpiamiHTeTpaonToBa, iMIHOAIONTOBA,
aminogudochoHoBa Ta o-caninuiaMiHoOMeTmiIGpochoOHOBA KUCIOTH) Ta BOJHUM PO3YHHOM KCHICHOJIOBOTO OpaHKe-
Boro (KO). ITokasano, mo 38’s13yBanHs KO BiHGYBaCTBCSI 3a paXyHOK KOMIUIEKCOYTBOPEHHS [0 MEXaHi3My NpU€eTHAH-
Ha KO no BuXigHOTO KOMILIEKCY Si02~~L2>La3 . IIpn mpomy yTBOpIOfOThCs cTiKiki mpu pH 5—8 xommekcu, mo

BinmoBsigaroTs cxiany (SiO,~Lk a3+)2>KO.

VYrBopenHs pisHomirangaux komiiekcis (PJIK),
JI0 CKJIaJy SIKMX BXOJSThH JIiTaH]M, 3aKpiIUieH] Ha T0-
BEpXH1 HEOPTAHIYHUX HOCIIB, € MOLMIUPEHUM SBUIIIEM
1 3HaXOAUTh 3aCTOCYBAaHHS NPHU CTBOPEHHI UyTJIH-
BUX €JIEMEHTIB XIMIYHUX CEHCOpIB Ta CTAI[lOHAPHUX
a3 s nirangHO-0OMiHHOT XpoMaTtorpadii [1, 2].
Ha nmoBepxHi KOMIIEKCOYTBOPIOIOYHX XiIMIYHO MO-
nudikoBanux kpemuesemis (XMK) mno oxHoro iio-
HY MeTally MOX€ KOOpAMHYBATUCh OJMH-/IBa 3a-
KpilJeHuX Jirauau, 1o o0 yMOBIIIO€ KOOPAUHAIIH-
HY HCHACHYCHICTh MOBEPXHEBOTO KOMIUIeKey [3].
Konu BinbHI KOOpAMHALINWHI MicHs 3aiiMalOTh MO-
JIEKYIH PO3UYMHHUKA a00 iHIIMX NPUCYTHIX Y CHC-
TeMi JliraHnis, yreoprototeca PJIK. BcranoBnenHns
Ooynou PJIK B Takux cucreMax € CKJIaJHOIO 3ajia-
uero [3]. IIpu BUKOPUCTAHHI B SKOCTI JraHAiB Xpo-
MO(OpHUX peareHTiB yTBOPIOBAaHI KOMILIEKCH 3a-
OapBJeHi, II0 CTBOPIOE MOMKIUBICTH JOCIIIKECHHS
13 3aCTOCYBaHHSIM EJIEKTPOHHOI CHEKTpocKomii Au-
oysiitnoro Bindourrs (CJB). XpoModopuuii pea-
TEHT MOBUHEH MOMITHO BIPI3HATHCH BiJ HOTO KOM-
IJIEKCY 13 AOCHIIPKyBaHUM KaTiOHOM 3a CMyraMu T0-
[JIMHAHHA B €JIEKTPOHHUX CIEKTpax; a HOoro KoMi-
JIEKCOYTBOPIOIOUA 3JIaTHICTh — HAOJIMXATHUCh 10
KOMIIJIEKCOYTBOPIOIOYOT 3IaTHOCTI 3aKpilJIeHUuX Ji-
ranniB. Taki yrBopeHHs PJIK mMoxyTb OyTH BUKO-
pUCTaHI NpPU CTBOPEHHI TECT-CUCTEM BHU3HAUEHHS
MIKPOKUIBKOCTE HEOpPTraHIYHUX KaTIOHIB y BOJAI.
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VY nawniii po6oti gocmimxeno yrBopeHHs PJIK
Ha MOBEPXHI KOMIUIEKCOYTBOPIOIOYUX KPEMHE3EMIB
Ta BCTAHOBJICHO iX CKJIaJA. B SIKOCT1 IEHTpaIbHOTO
fiony Bubpano La (III), ockinbku came HOHM pimx-
KO3EMENbHUX METaliB, 3aBISKU BHCOKOMY KOOPD-
nuHatinaomy uucny (KY), BUABISIOTH 3[aTHICTH
1o yrsopenus PJIK [4]. Bizomo, mo PJIK pigkose-
MEIbHUX €JIEMEHTIB y PO34YHHI yTBOPIOIOTHCA 13
PI3HUMU THUIIAMU JITAHJiB, OJTHUM 3 SIKUX BUCTYIIA€
KOMIUIEKCOHAT-MOH, a IPYTrUM aHIOH OpTraHIYHOI KUC-
notu; 6araroatomHuii denos, b-mikeroH; oprami-
gra ocHoBa [11]. Came ToMy Jyist YTBOPEHHSI MO-
BepxHeBux PJIK Oynu BHKOpHUCTaHI KpeMHe3eMH i3
3aKpilICHUMH KoMIUTeKcoHamu [5]. Ik xpomodop-
HUH JIraHjx JOCHKYBaIu KCUJICHOJIOBUM opaHxke-
Buit (KO) — tpudeninmeranoBuii 6apBHUK, IO
MICTHTh XeNaTHiI Tpymu iMiHoaiameraty [6].

Konnenrpanito Buxignoro posunny La(NOg)s
BCTAHOBJIOBAJIM KOMILIEKCOHOMETPUYHO, PoOoUi
po3uMHU roTyBanu po3BenacHHsM BuxigHoro. 0.05 %
BoaHi po3unHu KO, apcenaso 111 ta 0.01 M H,0O-
MeOH (1:4) po3uunn nerunipuauniiiopomiay (L[T15)
OTPUMYBAJIM PO3YMHEHHSM TOYHOI HaBaXXKu pea-
reuty (u.m.a.). AueratHuilt OybepHHU pO3YUH 3
pH 3.2 Ta po34MH TIAPOXIOPUIY TPHUCTIAPOKCHU-
metunaminomerany (Tris) 3 pH 7.5 rorysanu 3rig-
HO 3 poGoramu [7, 8. XMK 6ynu cuxTe30BaHi pa-
Hinre [9], KOHIEHTPAIII0 3aKPIIIEHUX TPYI BU3HA-
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