2. AN oy KU n3 u

2.1 an oy Ku n3 u. Bn3 uy

CuHTe3s KpeMHe3eMOoB, coaepXawunx MMMOOMNU3OBaHHbIE
3aMelleHHble aMMHOI1p0I1MnMeTaH(*)OC(*)OHOBbIe KUCNOTbl

Kocrenxo JI.C., 3aiines B.H.
Kuescxuti nayuonanvuwiti ynugepcumem umenu Tapaca Lllesuenxo,

Jns  KOHLIEHTPHpOBaHMS M XpoMarorpauyeckoro  pasjeieHHs HOHOB
BBICOKO3apSAHBIX M TEPEXOJHBIX METAUIOB MPUMEHSIOTCS KpPEMHE3eMbl 3
KOBAJICHTHO 3aKperieHsIMH (hochopcoaepkanmmu komiaekconamu (Si0,-OCK).
OHn XapakTepu3yloTcst 0ojee BBICOKOH CEJIEKTHBHOCTBIO, YEM HX KapOOHOBBIC
MPOTOTHIIBI, a TaKXKe 3HAYUTENBHONH A(PPEKTHBHOCTHIO, KOTOpas 3aBUCHT OT
CTCPUUYECKUX YCIOBHH CBS3BIBAHMS METAUIOB. BKIIOYEHHE B  MOJIEKYITY
KOMIUIEKCOHA PA3JIMYHBIX 3aMECTHTENEH, BIUAIONNX HA OCHOBHOCTH JOHOPHOTO
aToMa a30Ta WIM Ha CTEPEOXHUMHI0 OOpa3yIOMMX KOMIUIEKCOB, MOXKET
CYIIIECTBEHHBIM 00pa3oM BIHATH Ha CEIEKTUBHOCTH KoMIuliekcooOpazoBaHus. C
9TOW TeNIbI0 OBLIM TOJMydeHbI JBa HOBBIX mpeactaButens SiO,-OCK c obmeit
(dopmyoii:

ESi-(CH2)3-NH-CH(R)-PO3H2, rae

R =Py 1-nponunamuHo-1-(mupuamn)meranpochoHoBast

R = Sal l-mponunamuno-1-(2-runpoxcudensmi) MeTaHpochoHOBaAS
KUCIOTH 3akperuieHne (GpochopopraHMIeckoro JIMraHaa MPOBOJMIM METOJOM
«cOOpPKHU Ha TIOBEPXHOCTH» IO ABYM CXEMaM:

KOHJICHCAllUe TPHBUTOrO aMHMHONPONWIKpeMHe3eMa ¢ (ochopucToit
KHCIIOTOHN W anpaerugamu 1o peaknun Kabagnmka—Punaca. Kak kapOOHUIBLHYIO
KOMITOHEHTY HCIIONIb30Ball apoMatudeckuit (camumuioBeiii SalCH=0 ) wu
reTeporukdeckuii (mupuauHoBeii PyCH=0) ambaerumsi;

npucoeaHeHneM (HOoCHOPUCTON KHCIOTH wWiau audTwidgochura k yxe

TIOJTYYCHHBIM U3 aMHHA M aIbJIETUI0B IHU((HOBEIM OCHOBAHIIM.
Jis onmTHMU3AIM METOIWKM CHHTE3a W BBISABICHUS (aKTOPOB, BIMSAIONINX Ha
CTEINeHb NMPEBPAIICHNs B PEaKIMH Ha IIOBEPXHOCTH, MCIIOIb30BAIN KPEMHE3EMBI
pa3nuYHON MOPHUCTON CTPYKTYpHI ¢ Hcrnonb3oBanue kKucinoTHeIX (TsOH, HCl) u
OCHOBHBIX  (TpETHYHBIE aMHHBI) KaTaJM3aTOPOB. PUBHBKY JHraHAa K
MOBEPXHOCTH TOATBepXKAain 3a JjaHHeIMH HK-cnekrpockommn ¢ @ypse
npeoOpa3oBanHreM. KOHIIEHTpanuio 3aKperuieHHbIX TPy ONpPENesUI METO0M
anemMeHTHOTO ( , , N M P) aHanu3a u NOTEHITMOMETPUIECKOTO TUTPOBAHUSI.
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CuHTe3 n uccnegoBaHme KOMMNO3ULMOHHbIX XMTO3aHKPEMHE3eMHbIX
copb6eHTOB OMOMEeaULIMHCKOro Ha3Ha4YeHus

Bprikanos A. B., Ilumyns A. H.
OV Cmaspononvckuii 20cy0apcmeeHHbIL A2PapHbLL YHUGEPCUMEeN

BecbMa  mepcreKTMBHO — TOJNyYEHHE  ANIUIMKAIIMOHHBIX ~ COPOGHTOB  C
MMMOOWMIM30BaHHBIMH  JICKAPCTBEHHBIMH IIpemapaTtaMi, 4YTO o0ecreunBacT
MPOJIOHTAIIMI0O WX JEHCTBHSA, a TAaKKE IEICHANPABICHHOE pETrYJIHPOBAaHHUC
aJICOPOIIMOHHBIX, TPOTUBOMHKPOOHBIX, MPOTHBOBOCIOIUTEIBHEIX  CBOWCTB.
CylmecTByIOIME MPH 3TOM TPOOIEMBI CBS3aHBI C BEIOOPOM 3(P(EeKTUBHBIX
JICKAPCTBCHHBIX TPEMapaToB, CO3JaHHEM OHOCOBMECTUMBIX  COPOIIMOHHBIX
MaTepHalioB, pa3pabOTKOH METOJ0B MUMMOOMIN3AINH OUOJOTHYECKU AKTUBHBIX
COCJIMHCHUH, a TAaKXKe COXPaHCHHEM HAIPABICHHOCTH M CTAaOWJILHOCTH CBOMCTB
MEINIIMHCKIX COpOEHTOB. B COOTBETCTBHE € 3THM aKTyaJ bHBIM INPEICTABIACTCS
MPOBEJICHNE HCCICNOBAaHUN IO pa3paboTke OMOCOBMECTHMBIX COpPOCHTOB Ha
XUTO3aHKPEMHE3eMHOM OCHOBE, MMEIOIIMX 3aJaHHBII COCTaB M C OINpeACICHHON
HAIpaBIEHHOCThIO ~ OWoNorMYecKkoro  neiictBusa.  BmepBele  paspaboraHa
TEXHOJIOTHSI KOMIIO3UIIHOHHBIX XHTO3aHKPEMHE3EMHBIX COPOEHTOB METOIOM
(hopMupOBaHHS TMOPUCTOH CTPYKTYPHI KPEMHE3EMHOOPTaHWYECKONH MAaTpPHIIH,
o0NajaroImuX  BBICOKOM  COpOIIMOHHON  aKTHBHOCTBIO,  CTaHIAPTHOCTBHIO
CTPYKTYPHBIX  XapakTepucTuk. Cxema TMONydyeHHs XUTO3aHKPEMHE3EMHBIX
copOeHTOB BKJIrOUYaeT miecth craauid. Cragmm 1-3 XapaKTepu3yKT MPOLEce
MOJMYYCHUST THUAPOTeNss U3 a’pocWia 3a CYeT MPOTCKAIOIIUX IPOIIECCOB
KOHJICHCALIUU C YYaCTHUEM CHJIAHOJBHBIX TPYII KPEMHE3eMa, a TaKKe IMPOIECC
CO3peBaHMA THAPOTENA. PH TepMooOpabOTKEe THAPOTeNb IIPEeBpaIIaeTCs B
kceporenb. Craguu  4-6 OTpakalOT 3aBEpIIAIOIIMA TPOIECC TEXHOJOTHH
KOMITO3HUITHOHHBIX COpOEHTOB, obecrieuynBarOmuit BBIJICIICHUE
BBICOKOJIUCTIEPCHOM ~ (pakiMid ¥ TONXY4YCHHE CTEePHIBHOTO COPOIHMOHHOTO
MaTepuaia. MexaHusM  00pa3oBaHUS  TOPHUCTBHIX  XHUTO3aHKPEMHE3EMHBIX
COpOEHTOB MOXKHO TPEACTABUTh KaK CIOXKHBIH IIPOILIECC, COMPOBOXKIAIOIIUICS
(dbopMupoBaHHEM KOPIYCKYJISPHOH CTPYKTYphl KPEMHE3€MHOTO OCTOBa W3
HCMOPUCTHIX ~ YACTHI[ a’pociiia ¥  BKIIOYEHHEM B  HEr0  XUTO3aHa.
KOMIIO3UIIHOHHBIE COPOEHTH HMMEIOT YACIbHYIO MOBEpXHOCTH 125-170 M/,
o0wem mop 1,1-1,45 cM’/r. MeTooM MMMOGHIIM3AIHH Ha XUTO3aHKPEMHE3EMHBIX
copbOeHTax GepMeHTa JIN30IMMA TIOJTYYCHBI JICKAPCTBEHHBIC ()OPMBI METUIIMHCKHAX
npernapaToB B BHJIC AaNIUTMKAIIMOHHBIX cycreH3ud. CoXpaHEHUE aKTHBHOCTH
MMMOOWMIN30BaHHOTO ()epMEHTa JH30LMMa [0 OTHOIIEHHIO K PacTBOPHMOM
topme cocraBisieT 86-97%. AKTHBHOCTE MMMOOMIN30BaHHOTO Jm3onnMa 1870-
2100E/r. Pa3paboraHHbIe aNIUIMKAIIMOHHBIE (OPMBI XUTO3aHKPEMHE3EMHBIX
COpOEHTOB HAIIPaBJICHBI Ha ampoOalHi0 B XUPYprudeckoe oTaeicHue Kademapbl
CTaBpOTOILCKON TOCYNAPCTBEHHONW MEIUITMHCKON aKaleMUH ISl YCTAHOBJICHHS
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PaHO3KUBIIAIONIEH, AaHTUMHKPOOHOW M TNPOTHBOBOCTIAIMTEIHHOH aKTHBHOCTH
TIpH JIeYeHUH 3a00JIeBaHUM, COMPOBOKIAIOIIUXCS YHIOTCHHON MHTOKCHUKAINEH —
paHeBas HH(EKINS U IpyTHE.

Immobilization and radical reactions of surface-active oligoperoxide
metal coordinated complexes on solid and liquid surfaces

Zaichenko A. ', Kovbuz M. ?, Mitina N. !, Gertsyk O. *, Rayevska K. '

!Lviv Polytechnic National University; °I. Franko Lviv National University, Lviv,
Ukraine.

Water- soluble functional surface-active oligoperoxides (FSAP) containing
hydrophobic side or end ditertiary peroxide fragments as well as metal complexes
(OMC) on their basis are of a great interest as surfactant-initiators for formation
dispersions with tailored polymer particle size and functionality, modification of
solid, liquid dispersed or flat surfaces, and thereby for functional polymer
colloidal system and composite obtaining. We have investigated the processes of
FSAP and OMC irreversible sorption at interface solution - air as well as onto
surfaces of polymer and mineral dispersed particles of different nature (glass
spheres, glass-carbon electrode, fumed SiO,, ferrous oxides, Cu® and others), and
mineral flat plates using gas-liquid chromatography, volt-ammetric, and other
chemical and physico-chemical methods. FSAP and OMC decrease surface
tension and adhesion work at interfaces and surfaces as a result of their
irreversible sorption. Such oligoperoxide surfactants form also micelle-like
structures with hydrophobic peroxide-containing core and polar functional shell in
water solutions of different polarity. Proceeding from maximum values of sorption
of FSAP and OMC at water-air interface we have accounted approximate average
surface (S,) areas per oligomer molecules sorbed. These values diminish with the
increase of content of Cu®" cation containing molecules in solution due to their
more compact packing. The shapes of obtained using glass-carbon rotary electrode
cyclic volt-ammetry diagrams of freshly prepared and kept during 24 h FSAP and
OMC methanol solutions with 0,3M NH4NOj; as background almost don't change.
At the same time volt-ammetry diagrams of OMC solutions witness about the
partial transformation of -C=0 and -O:0- groups of OMC. However, the rate of
adsorption of kept oligoperoxide solutions enhances noticeably in the case of
FSAP and diminishes in the case of OMC during time of observation. It is evident
that associate changes of oligoperoxide molecules taking place in the solutions
during 24h cause the acceleration of formation of 2D condensed layers at the
interfaces. Proceeding from the assumed kinetic scheme, which takes into account
peroxide group different reactivity in homolytic and induced decomposition
processes due to FSAP different microstructure and conformation states in
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solution and at interfaces, the differential and integral equations describing decay
of FSAP and OMC peroxide fragments have been proposed and corresponding
effective rate constants have been determined. It was shown good conformity of
experimental data with proposed equations. It was established significant
acceleration of thermal peroxide group decay in a result of enhancement of the
rates of both homolytic and induced decomposition of ditertiary -O:0- containing
fragments in comparison with FSAP decay in non-polar hydrocarbon media. Both
the values of activation energy and activation entropy witness about formation of
activated complex from FSAP and solvent molecules, which are characterized the
less amount of freedom degree. Kinetic, spectral (IR-, UV-) and volt-ammetric
investigations of OMC prove polarization of peroxide bonds, which are influenced
by the metal-containing fragments. This causes not only essential decrease of
activation energy but also alteration of peroxide bond decay mechanism.
Ditertiary peroxide groups immobilized at solid or liquid interfaces are
decomposed in the temperature range 273 - 373K forming free radicals capable to
initiation of chain radical processes at interface or from the surface and providing
the inclusion of surfactant fragments in the structure of new polymer formed. As a
result OMC stabilize emulsions of water-insoluble monomers and initiate their
polymerization in water solution. The initiation efficiency is in the range 0.02 -
1.00 depending of the local zones, wherein free radicals are formed and interact
with the monomer molecules. The values of polymer molecular weights and
k./k,'"? testify to steric and diffusion control of polymerization process initiated by
OMC. As a result of water-emulsion polymerization of glicydil-, fluoro- and other
acrylates or their mixtures initiated by OMC stable water-dispersions with the
particle size ~ 0.1 um and narrow particle size distribution are formed. The active
particles of the previously obtained polymer colloidal systems or flat backings
modified by the OMC sorption can effectively initiate the graft-polymerization
from the surface and provide their multiple irreversible modification. The
consequent initiation of the polymerization of monomer mixture containing
peroxide monomer by the peroxide groups of the previous oligoperoxide chains
leads to the formation of new branches, which contain new radical forming sites
tethered to flat plate or colloidal particle surface. The backbone and side chains, as
well as the resulting polymer branches can possess the same macro- and
microstructures or they can differ significantly. Obtained reactive dendrimers in
solution or on the surface with branches of definite solubility and reactivity are of
a great scientific and application significance for obtaining latexes with “core-
shell particle morphology, for bio- and nanotechnologies.

Acknowledgment. The Science and Technology Center in Ukraine, project 1447,
supported these investigations.
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Rice bran lipase and its immobilization systems for catalyst in
esterification

Chirachanchai S. ¥, Nimitsiriwat N., Pitchyangkura R. *, Phraephrewngarm A.,
Rujiravanit R., and Gurali E. ~*
The Petroleum and Petrochemical College, Chulalongkorn University,
Soi Chula 12, Phya Thai, Bangkok 10330, Thailand
"Department of Biochemistry, Faculty of Science, Chulalongkorn University,
Phya Thai, Bangkok 10330, Thailand
“Department of Chemical Engineering, The University of Michigan, Ann Arbor,
Michigan, USA

In nature lipases catalyze the hydrolysis of ester and glycosyl compounds in
aqueous solution. Klibanov showed the crude enzyme powders efficiently
catalyze the reverse reaction to produce ester in organic solvent systems. This
leads to the new possibilities to use lipase catalyst for polyester synthesis.
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Figure 1. FTIR spectra of (a) adipic acid, (b) the obtained
product, and (c) poly(ethylene glycol).

Up to now several lypases, for example, R. miehei (fungus), P. fluorescens
(bacterium), and C. rugosa (yeast), have been reported. Meanwhile, there are
plenty of active enzymes from plants such as rice bran, soybean, etc., which are
promising for the applications. Rice bran lipase (RBL) is one of the attractive
lipases since it shows high hydrolysis activity as evidenced from the short storage
time of rice bran oil.  In the present work, we focus on Thai RBL about (i) the
optimum conditions for the extraction, (ii) the activity in catalyzing esterification,
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and (iii) the immobilization onto fumed silica. The optimal condition for lipase
extraction from Thai rice bran was studied by varying solvent, concentration of
rice bran, and extraction time. The specific activity of the purified Thai RBL was
in the range of 600-700 mU/mL. The esterification for adipic acid and 1,4-
butanediol at stoichiometric ratio was carried out under Thai RBL catalytic system
to obtain oligoester with degree of polymerization of 9 (Figure 1). The
immobilization on various carriers, such as fumed silica, alumina, and celite via
physisorption and chemisorption were attempted to stabilize enzyme. The
physisorption was achieved by immersing each carrier in the purified RBL
solution. The chemisorption was carried out by using 3-
aminopropyltriethoxysilane and glutaraldehyde as spacers for the coupling
reaction (Scheme 1). The percent immobilization, hydrolytic activity and catalytic
activity in esterification of physisorbed and chemisorbed RBL-fumed silica will be
presented.
Scheme 1.

H
~LoH Glutaraldehyde (Glu) N SFH

>
Fumed silica 3—am1nopg§)g¥léré§thoxysﬂalgi_ APTES-Glu

NHz‘@
H o SXT
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| Rice Bran Lipase
(RBL)

Immobilized RBL

MixcasHum cuHTe3 i PyHKLiOHani3aLis Me3onopucTux
KpeMHe3eMHUX BOJTOKOH

Tens06i3 .M., llIsens O.B., KoBanenko B.B., I'epna B.1., bopon C.JI. *, Ins 1 B.T'.

Inemumym ¢izuuno ximi im. JI.B. ucapocescokoco HAH Yxpa nu
M. Ku 6, Ykpa na
*Ku ecoruil nayionanvrutl yuigepcumem im. Tapaca Illesuenka
M. Ku 6, Yxpa na

Me3zomopucTi MaTepianu 3HAaXOIATh IMUPOKE 3aCTOCYBAaHHS SK IOTCHITIHHI
COpOEHTH, KaTali3aTOpH, MEMOpaHHU TOIIO. MEeHIT JOCTi/DKEHI X MOXKIUBOCTI B
SIKOCTI IPUKJIATHAX MaTepialliB, BPaXOBYIOUHX IO X ME30CKOIYHO BIIOPSIKOBAaHA
CTPYKTYypa € iJcalbHUM Xa3s HOM JUIA KAIlCYJIFOBaHHS OapBHUKIB, MOJIMEpIB,
HAHOCTPYKTYp  HAIIBIPOBIAHUKIB 3  METOI0  IOJAJIBIIOTO  CTBOPEHHS
0araTOKOMIIOHEHTHUX TiOpHAHMX MarepialiB, IO MalOTh HE3BUYHI 1 KOPHCHI
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ONTHYHI BJIacTHBOCTI. HemogaBHO MoKa3aHa MOXKIUBICTE MDK(A3HOTO CHHTE3Y
HOBOTO KJIACy HEOPTaHIYHUX MaTepiasliB 3 HE3BHYHUMH JJIsI HEKMBO Marepi i
TapHO BIOPSJAKOBAHMMH MaKpPOCKOIIIYHUMH (HOpMaMH Taki K ME30IOPHUCTI TOHKI
TUTIBKH, TBepAi cdepH, AWCKO U, Tipo AW, BOJOKHA Ta iHmN. B poboTi
PO3TIIHYTHH BIUIMB TapaMeTpiB CHHTE3y ME30MOPHCTUX TEeMIUIATOBAHHX
cyphakTaHTHUMH MOJIEKYJIaMH KpeMHe3eMiB, (aKkTopiB, IO CHOPHUSIOTH YU
NPUTHIYYIOTh PO3BUTOK MEBHUX ()OPM KPHBU3HH IOBEPXHi, ONTHMI3all MHpoLuecy
JEeTEeMIIaTyBaHHA Takux QopM 0e3 pyiHyBaHHS CTpyKTypH. JlocimimKkeHi
MOXJIMBOCTI (DyHKIIOHAJTi3alll ME30MOPUCTHX KPEMHE3EMHHX BOJOKOH 3 METOIO
OTPUMaHHS HOBUX IPHUKJIAJAHUX MaTepialiB s JIa3epHO  ONTHKH Ta
ONTOCNICKTPOHIKM. B sKocTi  JoKepera  KPEMHII0O  BHKOPHCTOBYBAJIN
TETPAaaIKUICHIIKATH, & B SKOCTI TEMIUIATYIOUOT'O areHTY LEeTWITPUMETHIIaMOHIN
Opomin. pH peakmiitHOro cepemoBHIa PEryIiOBaId MiHEPATbHUMH KHUCIOTaMHU.
Jnst  xapakrepusarii  BukopuctoByBamu Metomu PDA, KP, 4 Tta VYO-
CIIEKTPOCKOTTI . OnruaHi BIIACTHUBOCTI KOMITO3UTHUX MarepiaiB
BOJIOKHO/JTa3epHUN OapBHHK, BOJIOKHO/HAITIBIPOBIJHUK TECTYBalIH IO CIIEKTpam
JIOMIHECIIEHIII 1 TOTrJIMHAHHSA. EKCIepuMeHTalbHI Pe3yNbTaTH IOKa3alld, II0
PETYIIOBAaHHAM KHCIOTHOCTI PEAKI[iHHOTO Cepe/lOBHINA 1 NESKHX IHIINX YMOB
CHHTE3y MOKHAa KOHTPOJIOBATH CIIOHTAHHHH PICT YAaCTHHOK TEMIUIATOBAHOTO
KpeMHe3eMy Ha MexXi po3Iiry ¢a3, 3 yTBOPEHHSIM BOJOKOH abo Tipo 1iB, chep Ta
iHmUX (OpM KpPUBU3HM, OUIBIIICTE SKHX SBISIE COOOI0 TEKCaroHaJILHO
BHOPAJKOBaHI  Tu1a  obOepraHHs. BcraHoBimeHO, 1O  JeTEeMIUIATYBaHHS
ME30MOPHUCTHX BOJIOKOH NPHUBOJAUTH 1O ME3OIOPUCTUX MOJICKYISIPHHUX CHUT 0e3
TOPYIICHHS CTPYKTYPH.
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[HKOpIIOpYBaHHS B CTPYKTYpY Ja3epHUX

O6apBHuKiB (Rhodamin 6G, Coumarin,
Oxazin) Ta mapyBaTHX
HamiBrpoBigHukiB  (Pbl,, Bils)
MOKa3alli MOJJIMBICTH ITIECTIPIMOBAHO
dbyHKITIOHATI3AI ME30IIOPHCTHX
KPEMHE3EMHHUX BOJOKOH 3  METOI
CTBOPEHHS €JIEMEHTIB CEHCOPIB,
ONTHUYHUX XBHJICBOJIB, HOBHX Ja3epHUX
el
\A\,\

MarepiaiiB 3 TeHEepali€l0 IONEepPeYHNX
MOJI BHII[OTO TOPSIKY Ta MiJBUIICHOO
CTaOIIBHICTIO JIA3EPHOTO KOMITOHCHTA.
DyHKITIOHATI3aITis IOBXXHHHA Ta

1 3 5 7 9

TEOMETPUIHO KoH(irypari

Hdudpakrorpamu  pisHux  Qopm .
ME30II0OPHCTHX BOJIOKOH J1a€ MOXKIIUBICTb

KPUBU3HU ME30IOPHUCTOTO .
pEryNIOBaTH JOBXHHY XBHJI JIa3€pPHO
KpeMHe3eMy: A - BolokHa; b - :
. . TeHepalli.
nepeBaxxHo riopuay; B - ripo mu; I' —
chepu

Functionalization of vanadyl ions in mesoporous molecular sieves
via direct template-ion-exchange method

Selvam P., Vidya K., Dapurkar S.E., and Chakrabarti S.

Department of Chemistry, Indian Institute of Technology-Bombay,
Powai, Mumbai 400 076, India

Mesoporous molecular sieves have received wide attention because of their
diversified applications as shape selective catalysts, adsorbents, ion-exchangers
and also in removal of heavy metal ions, radionuclides and organics from
effluents. The well defined (tunable) pore sizes and the large pore openings of
these molecular sieves render them unique host materials for occlusion/anchoring
of large molecules or that of reactive metal complexes in their channels. The
incorporation of specific functional groups onto the walls of the channels in these
molecular sieves thus serves as an important step in heterogenizing the
homogeneous catalyst systems. The method described here is based on a direct
template-ion-exchange reaction between surfactant cations, viz.,
cetyltrimethylammonium cations (CTA"), present in the mesopore channels, and
vanadyal ions (VO*) in the aqueous system. Since the interaction of CTA" and
the silica wall (Si — O7) is weak, the former can easily be replaced by VO*'
through a direct ion-exchange process as shown below (Figure 1). The
entrapment/removal of VO** from aqueous systems is important from the point of
view of environmental remediation. Further, vanadium and its compounds have
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tremendous biological applications, e.g., normalizing blood glucose levels,
specific physiological role as a regulator of the sodium pump, etc. The
physiological effect of vanadium is mainly due to its good complexing ability as
VO?*' species.

Direct template-ion-exchange
with vanadyl ions

CTA™—MCM-41

Figurel. Schematic representation of direct-ion-exchange process.

NmMmob6unusauusa NOBEPXHOCTHO-aKTUBHbLIX BeLWeCTB Ha
NMOBEPXHOCTU rMapaTUupoBaHHbIX OKCMAOB

YeboTapes A., amagenko T., [llepbaxosa T.
Ooecckuii HayuoHanbHull YyHUgepcumem, Odecca, Yrpauna

B macrosmee Bpems 0ombIIoe BHUMAaHHE YACTSACTCS H3YUCHHIO TBEPIBIX
MOBEPXHOCTEH, MOIU(PHUIMPOBAHHBIX MOBEPXHOCTHO-aKTHBHBIMH BEIIECTBAMHU
( AB). ImmoOmmm3oBanable  AB cIOCOOHBI B 3HAUMTEIHHOM CTETICHN H3MEHATh
TaKWe CBOMCTBAa MOBEPXHOCTH KaK CMadMBaeMOCTb, AaJIre3WOHHBIC, a TaKKe
copOUMOHHBIE CBOMCTBA. [ MapaTHpOBaHHBIE OKCHUIBI SBISTIOTCS YHUBEPCATHHBIMH
HOCHUTEIISIMHU JIJIsI TIOYYEHUS TMOBEPXHOCTECH, MOIUGUIMPOBaHHBIX AB myTtem
ajgcopOIMM WX W3 BOIHBIX pacTBOpoB. Momuduimupyromee neiicteue AB
MPOSIBIISICTCSL YK€ TPH JOCTATOYHO HU3KHX KOHICHTPANHUAX. DPPEKTHBHOCTD
JAHHOTO JICWCTBUS 3aBUCHT OT CBOWCTB W CTPOCHHUS aJICOPOIMOHHBIX CIIOCB
MOTU(PHUKATOPOB. B CB3M € 3TUM BO3HHKAET HEOOXOAUMOCThH JICTAIBHOTO
M3y4yeHus B3aumojercTBUss AB ¢ MOBEpXHOCTHIO THMAPATUPOBAHHBIX OKCHIOB
METAJJIOB, TaK KaK COpPOIIMOHHOE B3aWMOJCHCTBHE AB ¢ momoOHBIMHA
MMOBEPXHOCTSMHU BKJIFOUAET OOJBIION CIEKTP COPOIMOHHBIX CHJI — OT CIAOBIX
IUCTIEPCHOHHBIX JO CHJIBHBIX OJJIEKTpOCTaTHdecknX. OT TOro, KaKWe CHIIBI
ABIAIOTCS TPEBAIMPYIOIIMMH B TaHHOM CHCTEMe, 3aBHCHT CTPOCHHE
aJICOPOIIMOHHOTO CJI0s, IPOYHOCTH €r0 yAepKUBaHUA. BKiag TeX WM WHBIX CHI
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MEHSETCS B 3aBHCHMOCTH OT mpupoabl AB u copOeHTta, a Takxke B OONBIIOI
Mepe — oT pH cpemsl, Tak Kak B O3TOM Ciydae 3HAYHTEIFHO MEHSIOTCS
JIEKTPOXMMUYECKHE XapaKTePUCTHKN Mexdas3Hoil moBepxHocTH. s n3ydeHus
COpPOITMOHHOTO  B3aMMOJEHCTBUS AB ¢ oxcumamMu OBUIO HCCIEIOBAHO
M3BIIeYCHNE HOHOTeHHBIX AB: katnonHBIX (neTmwmupunuaus xaopuaa (I Cl),
JTOHMSA) ¥ aHHOHHOTO (monerwicynbdara Hatpus (JIJICNa)) ruapatupoBaHHBIMHU
okcumamu kpemuus (IV), omoa (IV) wm amomunus (III) B wunHTepBane
koHneHTpamuid 1-10-6 — 1-10-4 Momp/I.  OJIy4eHBI 3aBUCHMOCTH CTETICHH
copbumnu ykazanHeix AB ot pH, uzoTepmsl copOrmm. Y cTaHOBIIEHA OOUTHOCTH
3aKOHOMEPHOCTEH copOIMM HOHOTEHHBIX AB Ha OKcHAax ¢ pa3jIHYHBIM
pacrpe/ielIeHueM MOBEPXHOCTHOTO 3apsijia B 3aBUCHMMOCTU OT pH. oka3zaHo, 4To
npy pa3u4HbIX pH cpenmsl ¢ M3MEHEHHWEM 3apsiia MOBEPXHOCTH H3MCHSCTCS H
BKJIQJI 3JICKTPOCTATHYCCKUX CHJI B CHJIBI aJCOPOIMOHHOTO B3aMMOJCHCTBUS. B
CBSA3M C JTHM HM3MEHSIETCS NPOCTPAHCTBEHHAs OpHEHTAnus Moiekyn AB Ha
MOBEPXHOCTH, IPOYHOCTh MX YACP)KUBAaHUS, CTCIIEHb COPOIMH, U KaK CIICACTBUE,
CBOWCTBA  MOJYYCHHBIX  MOAW(DUIIMPOBAHHBIX  COPOCHTOB. OJTy4CHHEIC
Pe3yIbTATHI TTO3BOJIIOT MCIOIB30BATh JaHHBIE CHCTEMBI B aHATUTHYECKUX LEJISIX
JUISL oTIpeiesieHus MUKpokosinuecTs  AB B Bojax.

Development of functionalised polymeric materials based on silica
gels and cyclodextrin derivatives

Ryabov Sergiy, Danil de Namor Angela F, Kobylinskyy Sergiy, Kercha Yuri
Institute of Macromolecular Chemistry of the National Academy of Sciences of
Ukraine, Kiev-160, Kharkovskoe shosse 48, Ukraine
Laboratory of Thermochemistry, Department of Chemistry, University of Surrey,
Guildford, Surrey GU2 7XH, United Kingdom

Cyclodextrins (CD) — are cyclic ‘torus shaped’ oligosaccharides that have found a
large number of industrial applications. These are essentially polymers of glucose.
The most widely used are a-, B- and y-CD formed by six, seven and eight
glucose units respectively. CDs are water-soluble compounds having an outer
hydrophilic surface ring containing free hydroxyl groups and an inner
hydrophobic cavity with the ability to form inclusion complexes with a variety of
guests. In an attempt to enhance the scope of cyclodextrins, a wide variety of
derivatives has been synthesized. Incorporation of functionalised CDs onto
polymer supports leads to the production of materials which can find numerous
analytical applications. The aim of the present research is to modify silica gel by
cyclodextrins and their functionalised derivatives to obtain materials which could
be used as chelating agents for different metal cations. The synthetic scheme for
grafting the macrocycle into the solid support consisted of two stages. In the first
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one, treatment of silica gel with y — aminopropyltriethoxysilane (y-APS) yielded
modified silica gel with free amino groups (APSG). The product obtained
interacted with 2.4-toluene diisocyanate (2,4-TDI) forming the isocyanate
containing precursor (IP). The second stage involved the reaction between IP with
B-CD and/or its derivatives to give the chemically adjusted oligosaccharide onto
the silica gel support as described below,

Silica Gel + y-APS— APSG +2,4 TDI — IP

IP + B-CD— Silica Gel -- -CD

The products obtained have been characterized by IR-spectroscopy, DTA,
mass spectrometry and potentiometry.

MoaudumumposaHne NOBEPXHOCTN BbICOKOANUCNEPCHOIO KpeMHe3ema
1-(2-Tva3onnna3so)-2-HacdTonom

3anopoxen O.A., Cmbik H.U., Hyxnas O.U.

Kueecxuil nayuonanvnwviil ynueepcumem umenu Tapaca Ilesuenxo, 01033, yn.
Braoumupckas, 64, . Kues, Ykpauna.
Moaudukanust cOpOSHTOB XENaTHBIMUA aHATUTUYECKUMHU PEarceHTaMH SIBISETCS

OIHMUM W3 HamboJee TEePCIeKTUBHBIX METOIOB WM3MEHEHUS WX XHMHKO-
AHATUTHYCCKUX  CBOWCTB. TakWe pearcHThl  IMO3BOJSIOT — OCYIICCTBIATH
IpeIBapuUTeIbHOE  OTACICHHE W KOHILEHTPHPOBAHHWE  OIPEEIIIEMBIX
KOMIIOHGHTOB,  TIOBBIIIAsl ~ YyBCTBHTEIBHOCTH  ONPEACICHUS. porecc
MOTU(DHUIIMPOBAHUSI MOXET OBITh  OCYIICCTBIICH CHHTCTHYCCKUM  IIyTEM
(KoBaneHTHAs TPUBUBKA), UMIIPETHUPOBAHUEM (IIPOIMTKA MATPHUIBI PACTBOPOM
MoaudukaTopa) WM WMMOOWIM3aIMel (3aKpeIlyieHWe 3a cdYeT aacopOIuw,
9JIEKTPOCTATUUECKOTO B3aUMOJACHCTBUS, 0Opa3oBaHMS BOJOPOAHBIX CBS3eH M
T.I.).  OCIEOHHMH CIOocO0 BBITOJHO OTIMYAETCS MPOCTOTOW IIONyYCHUS W
pereHepar  (GYHKIIMOHATM3UPOBAHHBIX MATEPHAIOB MPHU COXPaHCHHH HX
BBICOKMX XHMHKO-aHAJUTHICCKUX XapaKTepUCTHK. B mpenacraBieHHOW paboTe
ObLTa HCCITeZIOBaHA BO3MOXHOCTh IMMOOMITN3AIIUH HA MIOBEPXHOCTH CHIIMKAreINei
(CT') 9yBCTBUTENBHOTO, HO MaJI0 U30MPATEIHHOTO (POTOMETPUIESCKOTO peareHTa -
1-(2-tnazomunazo)-2-madproma  (TAH), axmcopOmmeit W3 HEMOJNAPHOTO
OpPTaHUYECKOT0 pacTBOpHTENS (Tekcan). AnCOpOIIOHHBIMH,
CHCKTPOCKOITMYCCKUMH ¥ PAacYCTHBIMA  METOJAaMH  HM3Yy4Y€HAa  MpHpOJa
B3aMMOJEHCTBUS Ha Mexk(pasHOH TpaHune. M3ydeHue B3amMOICHCTBHS
MOJIY4EHHOTO TaKUM CII0OcO0OM TBep0(ha3HOTO peareHTa ¢ HOHaMH MeTaJuioB (M)
nokaszano, 4ro Ha noBepxHoctH TAH wmomudunuposannoro CI' (TAH-CT),
MIPEUMYIIIECTBEHHO, 00pa3yloTcs KOMILIEKCHI cocTaBa 1:1, 9ro cmocobcTByeT
TOBBIMICHUIO M30MPATENFHOCTH TeTepoda3HOd peaknuu 10 CPaBHEHUIO C
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peakimeir B pactBope. Omnako, mist TAH B pactBope Oomnee XapakTepHO
obpaszoBanue xematoB cocraBa M(TAH),. MomudunupoBaHHbIi COpOSHT C
pa3MeIIeHUeM Ha [OBCPXHOCTH MOJICKYN pearcHTa, ONTUMANbHBIM Ui
oOpa3zoBaHus KoMIUlekcoB coctaBa M:TAH=1:2, Obm1  HamMu moiy4eH
mocpeacTBoM uMmMmoOwim3anuu peareita Ha CIT B Bume xemara Zn(TAH),.
Nzyuenune copobunu Zn(TAH), U3 opraHu4ecKux pacTBOPUTENEH pa3HON MPHUPOIBI
M X CMeced IoKa3alo, YTO peareHT HanbOosiee >QQeKTHBHO copOupyercs H3
cmecu rekcan:CHCl; (9:1). M3otepmy cop6rmm Zn(TAH), MmoxHO oTHecTH Kk H-
THUILY, 9YTO CBUIETEIBCTBYET O MMPOYHOM CBSI3BIBAHUH KOMILIEKCA C TIOBEPXHOCTHIO
CI'. CnekrpooTOMETpUUECKUM W aTOMHO-aJICOPOIIMOHHBEIM METOJaMH  OBLIO
nmokaszaHo, 4ro npu pH<4.0 MUMMOOWIM30BaHHBIM KOMIUIEKC pa3pymiaeTcs, B
pesynbTate uero uonsl Zn(Il) nepexoasat B pactop, a Monekynsl TAH octarorcs
Ha TTOBEPXHOCTH cr [¢ HEOOXOAUMBIM IUTS TTOCIIEYIOTIETO
KOMILIEKCOOOpa30BaHUsI ~ PACIIONOKEHHEM  Ha  TOBEPXHOCTH. OKa3aHa
MEpPCIIEKTUBHOCTh TPUMEHEHUs TIOJIyYEHHOTO TakuM oOpa3oM copOeHTa st
BbIZICTICHUS, KOHLeHTpupoBanusi u ompenencHus Cu(Il), N{II) u Zn(Il) B
0o0BeKTax pasnuIHON Tpuponasl. Ha OCHOBE TPOBEACHHBIX HCCICIOBAHMI
pa3paboTaHbl METOIAMKH JUTA BU3yabHO-TecToBOTO onpenenenus Cu(ll) u N{ II) B
NPUPOJHBIX BOJAX, HPUTOJHOTO AJIsI TIPOBEICHHS aHAIN3a HEMOCPEACTBEHHO HA
MecTe oToopa mpood.

Ucnonb3oBaHue TeTPA3TOKCU- U TETPAXJTIOPCUNaHOB ANA co3aaHusA
CeJIeKTUBHbLIX LeHTPOB COpGLI,VIVI OpraHN4YeCcKux Kucnot

Poux H.B. , Bapsapun A.M. , bensikosa JLA.

Hncmumym xumuu nosepxnocmu HAH Ykpaunwl, Kues, Ykpauna
MornekynspHoe HaclaWBaHUE TIPEACTABISCT 3HAYWTENBHBIA HMHTEpeC s
co3maHus WHIN(PGEPEHTHOTO OKPY)KEHHS BOKPYT CEJIEKTHBHBIX IICHTPOB
ajicopOIMy IyTeM IOCIIE0BaTENbHON 0OpaOOTKM MOBEPXHOCTH KpeMHe3eMa
terpadtokcmnanoM (TOC) wm TerpaxmopcunanoMm (TXC) m Bomo#. Illupoxue
MEPCIEKTHBE OTKPBIBAET HCIONB30BaHUE 3TOTO METO/AAa B ANIIMKAIMOHHOM
CHHTe3e. BcienctBue HEBBICOKOH TepMOCTaOMIBHOCTH HMMMOOWIN30BaHHBIX
ancopOIMOHHBIX 1eHTpoB (10 200 °C) 1enecoo6pasHo OCYIECTBICHHE Mpolecca
MOJICKYJISIPHOTO HACJaMBaHWA NPHW YMEPEHHBIX TeMmmepaTypax. M3BecTHO, ¢
onuoit croponsl, yto TOC u TXC Ha moBepXHOCTH KpeMHe3eMa 3(PPEKTUBHO
B3auMogeiicTBylor ¢ OH-rpymmamu kpemuesema Bbmme 200 °C. C  apyroii
CTOPOHBI, HATMYHWE B PEAKIMOHHOM O0BEME CHIBHBIX IPOTOHOAKIIEITOPHBIX
BEIIECTB (OpraHMYEeCKHe OCHOBAHMS M aMMHUAK), BEITIOTHSAIONINX KaTATUTHIECKYIO
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(dyHKIIHIO, cTIOCOOCTBYET MpoTekanuto mporecca xemocopbimu TOC u TXC B
Ooslee MATKMX YCIOBHAX. 03ToMy Hamu MeromoMm MK cmekrpockomuu ObIIO
uccnenosano Bizaumopeiicteue TOC um TXC ¢ aspocunoM B HPUCYTCTBUH
tpudTIiiamuHa (TDA) u3 mapoBoit ¢asel. B pesynbprare B3ammoneiicteus TOC c
MMOBEPXHOCTHI0 KpeMHe3eMa B MpUcyTcTBUU TOA B UMK crekTtpe TOSBISIOTCS
roJiocel morvomenust B odmactu 3000-2800 CM'I, MIPUHAICKAITNE BaJCHTHBIM

koeOanmsm  C-H  cBszeit MPUBUTBHIX  TPUITOKCUCHIIBHBIX TPYII, H
perucTpupyetcs mosoca mornomenns 3750 em™ ce Goxueix OH-rpymm cpemeit
WHTEHCHUBHOCTH. CrenoBaTesbHO, MOJIHO® 3aMelleHne OH-rpymn

OpPTaHOCWIWIBHBIMH ~ HE TPOUCXOAUT. OTO MOXKET OBITh  00yCIOBICHO
CTEpUUECKUMH 3aTPyJHEHUSMHU, He MNo3BoJsromuMu Monekynam TOC m TDA
OpPHEHTHPOBATHCA OJIarONpPHUATHBIM 00pa30M B MMOBEPXHOCTHOM CJIO€ KpEeMHE3eMa.
Kontakr kpemuezema ¢ mapamu TXC B mpucyrctBunm TOA Beger K
ncyesHoBenuto B UK crextpe monocsl nornomenus ¢Boooausix OH-rpymm, grto
YKa3plBaeT HAa WX TOJHOE 3aMCUICHWE TPUXJIOPCHIMIBHBIMH TPYHIaMH.
OO6paboTtka aspocuna, momuduimposanHoro TXC, mapamMu BOJBI MPUBOIHUT K
TOSIBJICHHIO HHTCHCHBHOMN MOJOCH! mormomenns 3750 cM™, CBUJIETENILCTBYIONICH
0 TIPUCYTCTBHH Ha IOBEPXHOCTH a’pocmia BTopmyHbIX OH-rpynm, koTopsie
oOpa3zoBauch B pe3yibrare ruapoinza npuBuTeix =Si-Cl rpynm.  ocne
TEPMOBAKyyMHUpPOBaHUs a’pocuyi  oOpabateiBanu mapamu TOA u TXC mus
HAHECEHHs CJIEIYIOMEr0 CIIOS CHWIOKCAHOBBIX rpymm. TakuMm oOpa3om, HaMH
YCTAQHOBJICHB! YCJIOBUSI MPOBEACHMS IpOIlecCa MOJEKYISPHOIO HaclauBaHUS C
ucnonbzoBanueM TOC u TXC B MATKUX YCIOBHUSX.

CuHTE3 1 cBOCTBA rmapuwgKkpemMHe3emMmoB

Bapsapun A.M. , bemsixosa JI.A, Pouk H.B.
Unemumym xumuu nosepxnocmu HAH Ykpaunvl, Kues, Yxpauna
ONyYCHHE TUIAPUAKPEMHE3EMOB M HCCIICIOBAHHUEC HX CBOWCTB IIPE/ICTABIISCT
Oonpmoit mHTEpec O6marogapst BO3SMOKHOCTH IPOBEICHHUS XUMHUECKUX PEaKIHi C
ygacteM  mpuBuTHIX  =Si-H  rpymn -  peakmum  TBepmodasHOro
THIPOCIITHIIAPOBAHUS HEHACHIICHHBIX COCIMHEHUH " peaxmn
BBICOKOTEMIICPATYPHOH KOHICHCAIINH XJIOP3aMEIIEHHBIX OPTaHWNIECKUX BEIIECTB.
Y TIPOTEKAHUU 3TUX PEAKIMA HA TTOBEPXHOCTH TUOKCHIA KPEMHUS 00pa3yroTcs
TUAPOJINTUIECKH U TEPMHUYECKH YyCTOW4YMBBIE CBsA3U Si-C, 4TO MMeeT OOJbIIoe
3HAaYCHHE IJISI MPAKTHYECKOTO MPUMEHEHUS] MOAN(HUIIMPOBAHHBIX KPEMHE3EMOB.
Kpome Toro, ruipuIkpeMHE3eMbI MPECTABISAIOT U CAMOCTOSATEIBHBIN HHTEPEC B
IUIAHE WX HCIOJNB30BaHUS B KayeCcTBS CHCHU(PUYCCKAX COPOCHTOB U
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xpomarorpadudgeckux Hocuteneld. Hambomee mPOCTBIM METOAOM  BBEACHUS
KPEMHUMTHIPUIHBIX TPYNI B TIOBEPXHOCTHBIM CIIOM KpeMHe3eMa SIBISIeTCS
XMMHYECKOE B3aMMOJICHCTBHIE TMOKCH A KPEMHHMSI C TUIPOCHIIaHaMu. B cBsi3u ¢ oM
HaMM OBUIO TPOBEAEHO CHUCTEMATHYECKOE HCCIEIOBaHHE B3aUMOACHCTBUS
TOBEPXHOCTH  KpPEeMHe3eMa  pasiMdHOW  CTeTeHH  THIPOKCHIMPOBAHUS  C
ruapoxyopcunanamu  obmierr  popmyner  Cl,Si(CHs);,H (n=1-3) meromom WK
CrieKTpocKonuy. VcciienoBaHue XWMHYECKOTO B3aMMOJEHCTBHSI KpeMHe3eMa ¢
tpuxsopcwiadoM (TXC), metrnauxiopcunanoM (MJIXC) u AUMETHITXIIOPCHIIAHOM
(JIMXC) mnpoBogmmu u3 TmapoBoii  (a3pl. KOHTaKT HACBHIIICHHBIX —IApOB
THAPOXJIOPCUJIAHOB ~ CO  CIIPECCOBAHHBIMM  IUTACTMHKaMH  aspocuna  (A-300),
npeaBaputenbHo mporpetoro mpu 600, 400 u 200 °C B BaKyyMe€, OCYILIECTBIISUIA B
CHEKTPaIbHOW KIOBETE C (IIOOPUTOBBHIMH CTEKJIAMH B WHTEpBAJIE TeMmeparyp 22-
400 °C B Teuenue 1 4 ¢ HOCIEAYIOIMM TEPMOBAKYYMHUPOBAHMEM H30BITKA PEarcHTa 1
NPOIYKTOB pPEaKUHU. YCTAHOBJICHBl ONTHUMAJbHBIC YCIOBHS B3aHMOJACHCTBUS
THAPOXJIOPCHIAHOB ~ C  TOBEPXHOCTBIO  KpEeMHE3eMa  Pa3luyHOil  CTeleHH
ruapokcwnpoBanms. JlokasaHo, 4to OW- W TpHU(YHKIMOHAIBHBIC THIPOCHIIAHBI
MAXC n TXC) pearupyroT ¢ H30JHMPOBAHHBIMH THAPOKCUIBHBIMU TpyNIaMu
MOHO(YHKIMOHATFHO (HE3aBHCHMO OT TEMIEPaTypHl MPEABAPUTEIIFHON ITOrOTOBKU
KpeMHe3eMa). O0Ka3aHO, YTO THMAPOXJIOPCUIIAHBI TI0 aKTHBHOCTH B peakmmu ¢ OH-
rpyIaMy MOBEPXHOCTH TUOKCHIA KDEMHUSI PACONaraloTcs B Ps:
CI;SiH > C1,Si(CH3)H > CISi(CH;),H .

OCKOJIbKY XMMHYECKOE B3aMMOJIEHCTBHE THAPOXJIOPCHIAHOB C KPEMHE3EMOM
OCYIIECTBISUIOCH B  OAMHAKOBBIX YCIOBHSX, TO OTJIHYHAA PEAKIHOHHOU
criocooHoctn TXC, MIAXC u JAMXC 1o OTHOMEHWIO K H30JUPOBAHHBIM
CHJIaHOJIbHBIM TPYIIaM MOXKHO OOBSCHHTH BIMSIHUEM 3aMECTUTENEH y aroma
KpPEMHHMS B aTakyloleld MOJIeKyJe. OKa3aHO, YTO MEXAY CTETCHBIO 3aMEIIeHUs
(o) cBobGomubIx OH-rpynm, KOTOpYIO HCHOJNB30Ball B KadeCTBE KPHUTEPHUS
PCaKIMOHHONH CIOCOOHOCTH THAPOCUIAHOB, W KOHcTaHTamMu Tadra (ch,-*),
NPE/CTABISIIONIMMU  COO0H Mepy HWHIYKTHBHOTO BIMSHHS 3aMECTHTENICH Ha
PEaKIIMOHHBIM MEHTP MOJICKYJIBl THIPOXJIOpPCHIaHa, HaOIromaeTcs IHMHEHHas
3aBUCHMCTh. JTO TaKXKE CB HAETEIBCTBYET O TOM, 4YTO CTEPUYECKUA W
pe30HAHCHBIN (DaKTOPBI aTaKyIOMIHUX MOJIEKYJ CYIIECTBEHHOTO BIMSHHS Ha HX
aKTUBHOCTH B peakumun ¢ OH-rpynmmamMm TOBEpXHOCTH KpeMHE3eMa He
oka3piBatoT. ClienoBaTeIbHO, PEAKIMOHHAS CIOCOOHOCTh THIPOXIOPCHIAHOB IO
OTHOIICHHUIO K H30JMPOBAaHHBIM THAPOKCHIBHBIM TPYyNIIaM JMOKCHAA KPEMHUS
3aBHCHUT OT BEIWYHHBI 3(P(EKTUBHOTO IOJIOKUTEIHHOTO 3apsga Ha aToMe
KpeMHHS B MOJIEKyJie THAPOCHIAHAa, KOTOpas OOYCIIOBIIEHA CyMMAapHBIM

82



WHIYKIIHOHHBIM 3P (EKTOM 3aMEeCTHTENIeH y aToMa KpeMHIsI MoaudukaTopa: 4emMm
Gonble I6; , TeM 6oJiee aKTHBHBIM SBISCTCS THAPOXJIOPCUIAH 10 OTHOLICHHIO K
OH-rpynmmaM TIOBEpXHOCTH. YCTaHOBIEHO, YTO 3(P(PEKTUBHOCTH XEMOCOPOITUH
THIPOXJIOPCHIIAHOB HA IIOBEPXHOCTH a’pOCHJIAa YMEHBIIAETCS C IOBBIIICHHEM
TEMIIepaTyphl MPEIBAPUTEILHON MOATOTOBKY KpeMHe3eMa:
ESi-OHzoo > ESi-OH400 > ESi-OH600 .
OTO CBSA3aHO, MO-BUANMOMY, C YMCHBIIICHACM 3JICKTPOHHOMN IIOTHOCTH Ha aTOME
KHCJIOpoAa CHJIAHOJBHBIX TPy c TIOBEIIICHUEM TeMIepaTypbl
JETUAPOKCUIIMPOBAHUS TUOKCHIA KPEMHHS BCJICICTBHE BO3HUKHOBEHHS HOBBIX
CUIIOKCAHOBBIX MOCTHKOB M YBEIHUYCHHS CTCIICHH JICIIOKAIN3AIUH 2P-3JICKTPOHOB
aToMoB kuciopoaa. C MOBBIIIICHHEM TEMIIEPaTyphl IPEABAPUTEIHHOM TOITOTOBKH
KpeMHe3eMa, HapsIy CO CHIDKEHHEM HyKIeo(MIbHOCTH aToMa Kuciopoma OH-
TPYII, AOJDKHO MPOMCXOJUTh W YBEIUYCHUE MPOTOHOIOHOPHOW CHOCOOHOCTH
(wmm kucnotHocTH) cBoOoAHBIX OH-Tpynm. DKkcnepuMeHTaIFHO YCTaHOBIIEHO (TI0
BEJIMYMHE CMEIICHHUS ITOJIOCHI MTOTIIOIIEHHS BaJIeHTHBIX Konebanuii O-H cBs3eit B
UK cnekTpe B pe3ynbpTare agcopOunu OeH30a MpH JaBJICHUH MapoB 60 MM pT. CT.
U IyTeM HEBOJHOTO THUTPOBaHUS KpeMHe3eMoB pactBopoMm KOH B sTtminoBom
COHpTE), YTO C TIOBBINICHWEM TEMIIEPATyphl TPEIBAPUTEIBHOW ITOATOTOBKH
KpeMHe3eMa IIPOUCXOANT yBeindeHne ciura B K criekTpe moock! moriomeHus
OH-rpynn B HU3KOYAaCTOTHYIO 00JacTh MpU aAcopOIMU OCH30J1a U YMEHBIIICHHUE
pK, cumasompHeIXx rpymm. TakuMm  0o0pa3oMm, IONy4YEHHBIE PE3YNbTaTHI
CBHJICTEIILCTBYET O CHIDKCHHH  HYKICOQWIBHOCTH  aTOMOB  KHCIIOpoOJa
CUJIAaHOJBHBIX TPYII C MOBBIIIEHUEM TEMICPATYphl ACTHIPOKCHIAPOBAHUSI
KpemHe3eMa. VccremoBaHa — THAPOMUTHYECCKAS ~ YCTOMYMBOCTH — MPUBUTHIX
THUIPUIACWIMIBHBIX TPYI, a TakKe HX TEPMOCTAOMIBHOCTH Ha BO3AYyXE H B
BaKyyMe. OKa3aHO, YTO THJIPOJH3 KPEMHHUHTHAPUIHBIX CBs3¢H B HACHIIICHHBIX
napax Boabl HauumHaeTcs npu 300 C. VYcranoBeHo, dTO 3aKpeIUIEHHbIE B
MOBEPXHOCTHOM ciioe =Si-H rpymnmel Ha BO3AyXe HAYMHAIOT Pa3pyIIaThCS BBIIIC
250 °C, a B Bakyyme mpu 450 °C.
OBi COp6GEHTN Ha OCHOBI NiHononiypeTaHiB, moandikoBaHUX
moni6ao- Ta Bonbdpamodocdaramu

Tpoxumenko O.M., Kyssmenko JIL.M., I'pyma O.B.
Ku ecoxuii nayionanvnuil ynisepcumem imeni Tapaca Llleeuenka, Yrxpa na

PpH BU3HAYCHHI MIKPOKIJIBKOCTEH €JIEMEHTIB HEOOXIHOIO CTAMI€I0 € MONEPEaHE
KOHIICHTPYBaHHS, y TOMY YHCIi COpOIlifiHe. AKTyaJllbHUM 3JIMIIAETHCS TONIYK
HOBUX copOeHTiB. Binomumu copbeHramu € minomosiyperanu ( Y) - 3miHeHi
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TETEPOJIAHIIIOTOBI TOJIMEPH, IO MICTATh y CBOEMY CKJIali €TepHi, €CTEpHi Ta
aMiHOTPYIH, TOOTO (PYHKIIOHATBHI TPYIH HEBOJAHUX PO3YMHHKIB, IO €(PEKTHBHO
excTparyioTh rereponoiikoMiuiekcu (I K). Tomy npu koHTaKTi Y Ha 0CHOBI
nomierepiB 3a pH 1-2,5 3 BogHUM po34nHOM MOIIOMOdOCHATy, 0 € CYMIIIIIO

macuaeHoro [PMo1,04013™ (8 AIMP 31P=-3.20 m.1. Bizmocro 85 %-8o H3POy) i

nenacuuenoro [HyPMo11039%7 (x=0-4) (3 SIMP 31p=-096 m.1) I K
crpyktypu Kerina, mosepxus copbenry wMomudikyerses HgPrMejgOgyg

(ctpykrypa [loycona). B Guibmr paHHil JiTepaTypi BUCIOBIIIOBAIACs TAKOXK TyMKa
mpo copbmito Momiomodochary Ha Y y Burnmami  12-momiomodocdary
ctpykrtypu Kerina. AprymMeHTaMm Ha KOpPHCTh IIEpUIO TOYKH 30py €
CITiBBiTHOIICHHS KOMIIOHEHTIB y alleTOHOBHUX Ta JYXXHHUX aecopbatax i o AMP

3lp momibnodochary B mieTmwiioBomy etepi (-2,40 M.m.), IO croiBmagae 3
BinmoBiganM 3HadeHHsAM 1 [T K cTpykrypu Jloycona. Y maHiii poOOTi Bepiie
BUBUCHO copOuito Boibdpamodocharaux I K Ha Y pi3HHX THIHIB.
JlocmipkeHo  TakoX —TMPUAATHICTD Y, w™momudikoBaHUX MONOIO- Ta
Bosb(ppaMoocdaTamu I KOHIIEHTPYBAHHS OJTHO3aPSTHUX KATIOHIB 3 BETMKUMHU
IOHHMMH pajiycamMy, SIKi y BOJHHMX pO3YMHAaX yTBOPIOIOTH Ba)XKOPO3UMHHI
cnonyku 3 ' K. BusBieno, mo Ha moBepxHi VY 18-merano-2-docdarni
KHCIIOTH, Ha BiIMIHY BiJl X BJIACTUBOCTEH y BOJHOMY PO34HHi, CTiliki 10 ni 1 M
PO3UYMHIB CHJIBHUX KHCIOT 1 JYTiB, a TaKoX CYXHX PO3YMHHHKIB, 30KpeMa,
alleToHy, 0 pOOUTh X MPHUIATHUMH JJIsi BUKOPHCTaHHS B LIMPOKOMY Aiana3oHi
pH. BcranoBiieHo, 10 criopiHEHICTh MOAM(DIKOBUHUX VY 110 BaXXKHX KaTiOHIB
nyxaux wMetaniB ta TI(I) i Ag(I) 3pocrae B psmy KT<RbT<CsT<TIT=Ag™, mo
CmiBmajmae 3i CHOPIAHEHICTIO JO HHUX, 30KpeMa, momiogodocdary amoniro. Y
poOOTI TMOPIBHIHO 10HOOOMIHHI BIIACTHBOCTI VY, MomudikoBaHUX MOIi0I0-,
BOJTb(pamo-, 3MilTaHUMHU MOJTi610-BoTb(hpamo, MOJTiOI0BaHAIO-,
BoJIb(ppamMoBaHano-pocharamu. Sk MpUKIA, HA PUC. HABEIEHO 130TepMH cOpOLi
3 BOJOHMX po3uMHIB Momionodocdary Ha Y Ha ocHoBi mnoumietepiB (1),
noJriectepiB (2) ta 3Mimadoro tumy (3). Takum 4YuHOM, COpOCHTH Ha OCHOBI

VY, mo momudikoBano I K, moctymHi i Jerko roTyroTbesi. Y HUX BiACyTHI
JesKi HeNONKM, W0 TIpUTaMaHHI BaxkopozunHHHM comsim [ K, sk
10HOOOMIHHHKAM, a caMme: APIOHOKPHUCTANIYHICTh Y BOJHHUX CYCIIE3isX; 3aJIeKHICTh
10HOOOMIHHHX BJIACTUBOCTEH BiJ CIIOCOOY OJEp KaHHS, yTPYIHEHICTh BUMUBAHHSI
M(I) 3 copOeHTy, 10 3MyIIy€e BMICT KOJOHOK PO3UHHSATH y JIyraXx a0 BUMHMBAHHS
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M(I) 3pilicHrOBaTH BEIMKUM 00 €MOM KOHIIEHTpPOBaHOro posuuny NH4NO3, mo

pOOHTH MpoIeC KOHIIEHTPYBAHHS ABOCTaIiTHIM.

10", mol/g in  miero  cBiTHa v,
MoaudikoBanuit  18-momi6m0-2-
a N (hocdaTHOIO KHCIOTO, 3 YacOM

3 3eJIeHI€ BHACTIZIOK YacTKOBOTO
BimHoBIeHH Mo(VI) no Mo(V),
o0 HE BIUIMBAaE HA HOro
10HOOOMIHHI ~ BJIQCTHBOCTI  IIO
BIIHOIIIEHHIO bi (o) M(I).
Henomixkamu IOCIHIIDKEHNX
COpOCHTIB € X HU3bKa CTIHKICTh
0 ) ) ) ) 0 JIi BHCOKHX TeMIiepaTyp i
1 2 3 4 iOHI3yI040r0 BHMIPOMIHIOBAHHS,

0'1047 mol/dm’ o0 pOOWTH X HENPUAATHUMH,

3t

Puc. Izorepmu copbui Mmomibmo-docdaty 3 | 30Kpema, TUTSL 3aMiHu
BOJHUX PO3YHHIB Ha VY pi3HHX THIIB. MaJIOPO3YHHHOTO
T=295,0+0,5 K Momionodocdary amoHi0, 5K

COpPOCHTY, 3 METOI0 JTOCSATHCHHS

OJHOCTAMIMHOCTI TpoleCy KOHUEHTpyBaHHS npH Buaydendi Cs' 3 posummis
nepepoOKH ONPOMIHEHOTO SIEPHOTO MaJBa.

eakui KaTtaniTU4Horo rigpocuninoBaHHA B CUHTE3I
cpyHKUiOHaNbLHUX opraHoOKpeMHe3eMiB

Bepesa-Kinmzepcerka JI.B, Slanmmonscekuit B.B., TropTux B.A.
Inemumym ximi noeepxni HAH Yxpa nu

3 BUKOPHCTaHHSM peakli TBepAo(a3HOTO TiIPOCHIIIIIOBAHHS 3JiHiCHEHO
3aKpIIUICHHS B IOBEPXHEBOMY IMapi KPEMHE3eMIiB LMHXOHOBUX aJIKaJO JiB
(koHIleHTpamiss mpumierieHnx rpyn  craHoBuTh  0,021-0,034 Mmmonbe/r) Ta
akposie Hy (BMICT TpHINEIUICHMX KapOOHUIbHMX Tpyn - 0,28 MMoOIB/T).
BcTanoBneHO, MO TMOpSI 3 pEaKIielo TBEpIOGa3HOTO TiAPOCHIIUTIOBAHHS Ha
MTOBEPXHI KpEMHE3EeMY BiIOYBa€THCS TAKOXK MOJTIMEPH3AIlis akpoJie Hy. OKa3aHo,
0 3aKpirieHi KapOOHIIbHI TPYNH pearyioTh 3 2,4-muHiTpo]eHIITiIpa3uHoM B
M’SIKHX YMOBaX, 1 I peakilisi OyJia BUKOPUCTaHA VIS X KiUTBKICHOTO BU3HAYCHHS.
3anpornoHOBaHUHN OJTHOCTAIIHHUN METOJT IMMOOLTI3AI PSITy ONTHYHO aKTUBHUX i
KOMIUIEKCOYTBOPIOIOUNX CIONYK, SKHA TO€AHYE CHHTETHYHI MO>KJIHBOCTI
pinHHO(]A3HOTO KATAITUYHOTO TiAPOCWIUTIOBAHHS 1 30Jb-T€Ib MEPETBOPCHB.
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pH TIPOBENICHHI peakIliii B TOIyOJIi 1 CHiBBiTHOMIEHH] KaramizaTtop-onedin 0,01
KOHIIEHTpAIll MPHUIIEINICHUX OpraHiyHuX Trpyn jgocsaraiots 0,112 MMoOB/T.
XiMmiuHe 3aKpimyieHHS BUOpaHUX (DYHKIIOHATBHHX OJie(iHIB IATBEPIKEHO 3
BUKOPHUCTAHHIM Y-, VO-, SMP-criekTpockori . JlocmimkeHo
CIIEKTPOPOTOMETPHYHHUIT METO] BU3HAUCHHS KOHIICHTpaii rpyn =SiH B po3unHHMX 1
MOBEPXHEBUX CIIONyKaX, SIKAH OyB BHKOPDUCTAHHW [JIsi BHBYCHHS KIHETHKH
TIIPOCHIIIIIOBAHHS  ITUHXOHIHY —TPHETOKCHUCHJIaHOM. MeToJ 3acHOBaHWHA Ha
BiJTHOBJICHHI MOJIIOZaTy aMOHII0 KPEeMHIUTiAPUIHUMHI TPYIIaMH 1 BUMIPIOBaHHI TIpH
A=710 HM ONTHYHO TYCTHHH CHHBOTO PO3UYMHY KPEMHIHMOIIOIEHOBOTO
TE€TEPOIOJIIKOMILIEKCY, SIKUI YTBOPIOETHCSL Monsipauii KoedilieHT
ciTnonormuaanAs rpyn =SiH nopiBatoe ~2000. pH BHKOPUCTaHHI IIOTO METOMY
JUISL QHATI3y TTOBEPXHEBHX CIONYK JOCTATHRO HaBaXOK Bix 1 g0 150 Mr mpu 3miHi
BeJIMYMH KOHIEeHTpami mnpumermieanx rpyn =SiH Bim 0,70 o 0,02 MMomb/T
BIMOBIIHO.  POBENICHO JOCIHIDKCHHS pEakili TiAPOCHITIOBAHHS IUHXOHIHY
TpuetokcucuiaanoM npu 80°C B mpucyTHocTi Kartamizatopa Cneitiepa B
CEpeIOBUIN TONyOy 1 130MpONaHONy. BCTaHOBICHO, MO0 B MNPHUCYTHOCTI
Pt-xaramizaropy BimOyBaeThcsi Timpomiz rpyn =SiH 3a paxyHOK 3aJWIIKOBHX
KITBKOCTEH BOAM B PO3YMHHHKY. 3IIHCHEHO MaTeMaTH4Hy OOpOOKY KiHETHYHHUX
KPUBHX 1 IOKa3aHO, 0 BOHU 3aJI0BUILHO OMHCYIOTBHCS PIiBHSHHAM Il mopsnky.
Koncrantu LIBHIKOCTI peakii T1IPOCHITITIFOBaHHS (xoHIEHTpais
Pt-karamizatopy 3-10° Moib) Tpu mpoBeAeHHI mpoueCy B i30MpoOmaHomi Ta
TOJIYOJIi CTAHOBJIATH BiAmosigHo 0,378 Ta 4,840 ¢ -moms ™.

2.2 an oy Ku n3yg 3nb Ib n

Design of supported catalysts by surface modification of MCM-41

Daniel Brunel

Laboratoire des Materiaux Catalytiques et Catalyse en Chimie Organique F-
34296 -MONTPELLIER Cedex 05(France)

In the past decade, considerable effort has been devoted to the preparation of
supported catalysts through covalent anchorage of catalytic sites to porous metal
oxides. Important recent advances in the synthesis of hybrid organic-inorganic
mesoporous materials based on the functionalization of the surface of new
micelle-templated mineral oxides such as MCM-41 type silicates provided
extraordinary opportunities to manage the surface adsorption properties in order to
improve the activity, the selectivity of the catalysts. The control of the different
modification steps in order to improve both catalytic dispersion and mineral
surface coverage is critical in this catalyst design. On the other hand while
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organofunctionalized MCM-41 are truly fascinating for their potential application
in fine organic chemistry, they possess a major drawback that is the chemical
instability of silica framework. This presentation deals with the best control of the
surface coverage of MCM-41 with organic silane, by surface sol-gel
polymerization process or by over layering of silica surface with more resistant
mineral oxide. This strategy provides more efficient enantioselective supported
catalysts or base resistant nanostructured catalysts. For instance, when chiral
ligand were anchored on the MTS’surface, the enantioselectivities were decreased
by the achiral activation due to the uncovered mineral surface. This last aspect is
highlighted by recent results from our lab in which the enantioselective alkylation
of benzaldehyde is catalysed by grafted chiral ephedrine. The low
enantioselectivity obtained with ephedrine immobilised on silica support results
from activation of dialkylzinc by the uncovered surface. This undesirable activity
was limited when MCM-41 was functionalized by a new sol-gel method, which
afforded high surface coverage. Hence, this new generation of catalysts
demonstrated remarkable enantioselectivity at the level of the homogeneous
catalysis. The use of Ti-TADDOL’ate anchored on silica surface which was also
totally hydrophobized has recently been reported. This heterogenized derivative
catalyzed the addition of Et,Zn to PhCOH with > 99% conversion and 98%
enantioselectivity. The development of novel solid bases using silica and, more
recently, Micelle Templated Silicas (MTS), has attracted also considerable
attention in recent years. These bases are typically simple amines and phenolates
supported on hydroxyl-rich silicas. Further, more strongly basic groups have also
been introduced, including quaternary hydroxides and guanidines. These latter
materials extend the potential alkali metal hydroxides, and even may be an
environmentally preferable, recyclable alternative to such hydroxides. In this case,
the chemical stability of the support towards solovolysis needed to be strongly
enhanced. Several routes have been recently investigated in this respect. The first
one concerns the previous surface sol-gel polymerisation in order to protect the
silica surface towards solvolysis. The second one deals with the surface coverage
by of TiOx overlayers. On the other hand, the enhancement of the chemical
stability of base supported catalysts by other coupling bonds allow their
application in fine organic chemistry such as transesterification reaction.
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CunTe3s Me30nopucTbiX MaTepranoB Ha OCHOBe rMapaTUPOBaHHbIX
okcuaoB anemeHToB IV-VI rpynn nepnoguyeckoun cuctembl Ans
3KONOrn4yecKkoro Karanusa

Kapacesa T.A., T'alinyx T.B.
Kuescruti nayuonanvuwiti ynugepcumem umenu Tapaca Illesuenxo.

CyIiecTByIONMe 3KOJOTHIECKUE TPOOJIEMBI CTaBAT 3aJadyd IMOMCKa HOBBIX
3 PEKTUBHBIX KAaTAIMTUYECKUX MaTepHajoB I TPEBpaNIeHHs YTIEBOIOPOIOB.
B 9T0#1 CBSI3M TEPCTIIEKTHBHBIMU SIBJSIFOTCS CYJIb(UPOBAHHBIC OKCHIIBI METAJIOB
anemernToB IV - VI rpymm mnepuomumdeckoir Ttabnumbl. Ha mpumepe
CyTb(UPOBAHHOW IBYOKHUCH LUPKOHUS OBLUIO IOKAa3aHO, YTO Hanboiee
3¢ (eKTUBHBIC KaTaaW3aTOphl HA OCHOBE CYJNb(QHUPOBAHHON NBYOKHUCU HUPKOHUS
UMEIOT TETPadIPHUUECKYIO PELIETKY, a B X CTPYKTYpE MPUCYTCTBYIOT KHUCIOTHbIE
ueHTpbl bpencrena u Jlptonca B paBHOM COOTHOLIEHHH. B »3ToN cBsizu st
MOJMYYCHUS HOBBIX KATAIMTHYCCKUX MATCPUAIOB Ha OCHOBE CMEIIAHHBIX
TUAPATUPOBAHHBIX OKCHIOB THUTaHa W ITUPKOHUS, CONEPIKANINX OIPEISICHHOE
KOJIMYECTBO MONHMOJCHA, MBI MPUMEHIJIA 30JIb-T€lIb METOJl C HAIPaBJICHHBIM
(dhopmupoBaHHEM CTPYKTYPHI. B mOKIIaje paccMaTpuBaIOTCS YCIIOBUS CUHTE3a ISt
MOJTYYEHUST TETPAdAPUICCKON CTPYKTYpPHI CMEIIaHHBIX OKCHIOB. M3ydueHa wux
MOPUCTasi CTPYKTYypa, a TakKe yCIOBHS I ee GopMHUpOBaHUSA. OKa3aHO, UTO
3aMEHON MHTEPMUIIEIUTIPHON KHUIKOCTH B TIPOIIECCE CHHTE3a MOYKHO BapbUPOBATh
MOPUCTOCTh TMOJy4YaeMbIX KaTanu3aropoB. C LeNbl0 ONpeleNieHus TpaHUll
YCTOMYUBOCTH TETPArOHAIBHOW CTPYKYTYpPHI OBLI MPOBEACH PEHTTEHO(MA30BBIN
aHamu3 O00pa3loB, NPOKAICHHBIX TIPH Pa3INYHBIX TeMIepaTypax. bbiia
YCTAHOBJICHA KOPPEISIMS MEKIY KpPUCTAJUIOTPaQHUUYSCKUM CTPOCHHEM U
KaTaJIMTUYECKOW aKTUBHOCTHIO. C Ipyroil CTOPOHBI, IS M3YYCHUS MPUPOJIBI
KUCJIOTHBIX IICHTPOB CHHTE3MPOBAHHBIX KATATUTUUCCKUX MATCPUAIIOB Ha OCHOBE
CMEIIaHHbIX OKCHUIOB THTAHA, IIUPKOHHUS W MOJIMOJICHA HAMH OBLITH CHATHI KPUBBIE
MOTeHIIMOMeTprUIecKkoro TuTpoBanus W MK- CHEKTpbl HCXOMHBIX W TIOCIE
afcopOIMM TMHUPUAMHA H OKHCH yriiepoja oOpasloB TMpH  Pa3InIHBIX
TeMreparypax. Ha OCHOBaHMM TIOJYYEHHBIX JAHHBIX OBLJIO  ONPEICICHO
COOTHOIIIEHUE MeHTpoB bpencrena u Jlptomca. OOHapykeHO, YTO O0OpasIibl,
COJIepKaIe MPUOIM3UTEIEHO PAaBHOE KOJMYECTBO KHCIOTHBIX LIEHTPOB O0CHX
TUIIOB, XapaKTEePU3YIOTCs 00Jiee BRICOKUMHU CKOPOCTSIMH PEAKIIMK M30MEPH3aLUuU
OyTaHa. OKa3aHa EPCICKTUBHOCTh YKA3aHHBIX CMEIIAHHBIX OKCUJIOB B KAUCCTBE
KaTaJIn3aTOPOB B PEAKIUAX MPEBPAICHHS yIIICBOIOPOJIOB.
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nonyquMe n n3yvyeHme CBOUCTB Kceporesneun KpeMHneBou KUCNoThbl,
OoAHOBpPEMEHHO MOAM(*)MLIMPOBaHHbIX KOMHﬂeKCOO6pa3yIOLIJMMM
aHaNnUTUN4eCKMMUn peareHtTaMmm U noBepxXHOCTHO-aKTUBHbIMU
BelecrBamMmum

Mopocanosa E.W. u Azaposa XK.M.
Xumuueckuit paxynomem, MV um. M.B.Jlomonocosa, Mockea, Poccus

POIOIIKEHHE WCCIICTOBaHUN XUMHKO-aHATUTHIECKAX CBOMCTB
MOTU(PHUIMPOBAHHBIX AHATUTHYCCKUMHI PEareHTaMH KPEMHHUICOAEpKAIIUX 30JIhb-
Tellb MaTepHajoB CBA3aHO C HW3yYCHHEM HOBBIX CHCTEM, IIPEACTABIIIONIIX
aHamuTH4YeCKuid nHTepec. CYIMIeCTBCHHBIM TOCTOMHCTBOM 30JIb-TeJIb TEXHOJOTHH
MO CPABHEHUIO C PYTUMH METOaMH (DYHKITHOHAIN3AINH SBISCTCS BO3MOXKHOCTD
OJTHOBPEMEHHOH HMMMOOWIM3allMM cMeced peareHToB. (OCHOBaHWMEM Ui
HACTOSIIEH pabOTHI MOCTYXKHI OOIIECH3BECTHBIA ()AaKT MOBBIMICHUS B PACTBOPAX
YYBCTBUTEIHHOCTH ¥ KOHTPACTHOCTH (DOTOMETPHUYCCKUX PEAKIHIA B MIPUCYTCTBUU
MMOBEPXHOCTHO-aKTHBHBIX BemiecTB ( AB).  omydeHBl Kceporeinwm KpeMHHEBOM
kucnotel  (KT'), momubunumpoBannbie 4-(2-nupumnnaszo)-pesopiuHom ( AP),
xpomasyposioM (XA3) u spuoxpom-imanuHoM (DXII), cympdoxpomom (CX) u

AB (xmopumom N-netwn-nupuauaust (L] ), momermwicynbdatoM HaATpus M
TputoHoM  X-100). MHccnemoBaHo BIMSHWE HM3MEHEHHsI  KOHIICHTpAIWit
KOMIUIEKCOOOpasytomero peareiTa M AB B THAPONM3YIOMEMCS BOIHO-
9TaHOJBHOM pacTBOPE TETPA’dTOKCHUCHIAHA Ha CKOPOCTh TIeneo0pa3oBaHMs,
YIENBHYIO TIOBEPXHOCTh, CpelHUE O0BEM M JUAMETP MOp MOANGHUINPOBAHHBIX
Kceporeiei  (IOMy4yanu — BBICYIIMBaHUCM MHUKPOBOJTHOBBIM ~ U3JTy4YCHUCM
MmomHocThI0 600 BT). OOHapyeHO 3HAUYMTEIbHOE YIy4IICHHE YICpPKUBAHUS

AP, XA3 n OXII xpeMHe3eMHON MaTpuLueit kceporeneil B mpucyrcrsuu 1 . C
UCIIONIb30BaHUEM TBepro(da3HOH CHEKTPO(pOTOMETPHN M3YUYEHO B3aMMOJICHCTBHE
B CIIEIYIONINX CHCTEMax: MHUHK, kanMuid, menb( ) — AP+ /KT, xxene3o(1ll) —
XA3+L /KT, OXH+L] /KT' u CX+I[ /KI' B 3aBUCHMOCTH OT KOHIICHTpAIUit
MMMOOWMIM30BaHHBIX peareHToB, pH U BpeMeHnm KoHTakTa. Bo Bcex HM3ydeHHBIX
CHCTEeMaX YCTaHOBJICHO IOBBIIICHHE YyBCTBUTEIHFHOCTH, a B cucteme xemne30(11)
— XA3+Il /KI' eme W KOHTPAaCTHOCTH TBepAOo(Da3HBIX (POTOMETpUIESCKIX

peaKuMﬁ B NPUCYTCTBUU L[ . OJIY4YCHbI JaHHBbIC 00 ONTUMAJLHEIX YCJIOBUSAX
B3aHMOILeI>iCTBPIH, cocCTraBax 06pa3yfom1/1xca KOMIIJIICKCOB n KHUHCTHUKC
TE€TCPOTCHHBIX IpOoLECCOB. Pa3p360TaHI>I MCTOAUKHU TBCp,HO(ba?)HO-

CIEKTPO(POTOMETPHUIECKOTO ONPEAEICHHS LIMHKA B 030JI5ITaX MOJIOKA M BBITSKKaX
u3 mouB u Tect-onpenenenus xenesa(lll) B Bomax. Pabora BeimonHeHa npu
¢unancoBoit moxnepxxke POOU (mpoekr 00-03-32391) m HATO nporpamma
"Hayka i mupa" (mpoekt SfP 974373).
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Sol-gel preparation and ivestigation of undoped porous silica
spherical particles

Gaishun V.E., Tulenkova O.1., Melnichenko .M.
Gomel State University, 104 Sovietskaya Street, 246019 Gomel, Belarus

Silica spheres materials gained an increasing attention in the recent years, because
they offer the possibility of producing a wide variety of unusual materials with
interesting propertties for applications in heterogeneous catalysis, ceramic glasses,
a glass precursor and a paint reflection film. Sol-gel processes were widely
applied for their preparation and much attention was paid to optimize preparation
and much attention was paid to optimize preparation conditions and compare
methods. Our aim to obtain a powder matterial, implies the achievement of a
spherical shape and a particle size distribution, preferably centered in the 0,1-3
mm range. Porous silica spheres can be prepared by a sol-gel process by
hydrolysis and polycondensation of tetracthylorthosilicate (TEOS) in water and
ethanol solution with base catalyst and continuous mixing. Drying the silica
spheres at temperatures >293°K leads to a lower shrinkage, and consequently to a
higher pore volume of the dried spheres. Samples were examined by scanning
electron microscopy (JSM-50A, JEOL, Japan) in order to observe the shape and
morphology of the particles. The effect of the drying temperature on the pore
structure of the silica spheres was investigated.

CuHTe3, 6ynoBa Ta BNacTUBOCTI NONiopraHo-CUNOKCaAaHOBUX
copb6eHTiB 3 6ichyHKLiOHaNbLHUM NOBEPXHEBUM LLUAPOM

Tona O.I. ', Memsruxk IB. !, 3y6 10.J1. !, Uyiiko 0.0. ', Kaysi JI.%, pexiepi Jix. 2
IIHcmumym ximi nosepxui HAH Ykpa nu, m. Ku 6, Yxpa na
’Biooinenns sazansho HEOP2aHiuHo , AHATIMUYHO ma Qi3udHo XiMi,
yHieepcumem m.  apma, Imanisi

CTBOpEHHSI CENEKTUBHUX aJCOpPOIifHIX MaTepialiB 3i 3HAYHOIO COPOIIHHOIO
€MHICTIO, BUCOKOIO XIMIYHOIO Ta TiAPOJIITHIHOIO CTIHKICTIO — OJHA 3 TOJOBHUX
MiJIel cydacHOro MaTepiajo3HaBCTBa. SIK MpaBWIIO, cHelUdidHa Ais COpOCHTIB
00yMOBIIOETbCST 200 CTPYKTYpHUM (TeoMeTpuyHnM) (akropom (dopmoro Ta
po3MipaMu Top), abo XiMiYHHM (DAaKTOPOM - y [BOMY BHIIQJIKy CEIEKTHUBHICTH
00YMOBITIOETBCSI HASIBHICTIO Ha TIOBEPXHI HEOOXITHNX (DYHKIIOHATBHUX TPyH. AJe
Cy4acHi COpOIIiiiHI TEXHOJOr1 BHMAralrTh CEJICKTHBHUX COPOCHTIB TOHKO Ji 1B
[IbOMY BHIAJKYy OAMH i3 IUIAXiB X CTBOPEHHS — KOMOiHamis CTPYKTYPHOTO i
ximigHoro akropiB. OcoOIUBY yBary BUKIUKAIOTh COPOEHTH, IO MicTATh N,S-
¢dyHKIIOHATBHI TPynHU. SIK TIpaBWiI0, BOHW BHUCOKOCEIEKTHBHI B COpOI 1OHIB
OJIaTOpOTHUX Ta TOKCHMYHUX MeTanmiB. Kpim Toro, Taki amcopOmiifHi MaTepiaiau
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3HAXOMATh BUKOPHCTAHHS B SIKOCTI HOCI B TIpH XpomatorpadigHoMmy po3moimi
ONTHYHUX 130MepiB, TPH BHIIJICHHI (EPMEHTIB, HYKIIC HOBUX KHCIOT,
iMMOOimi3ami  Oi0JOTIYHO AaKTHMBHHX CIIONYK TOHmO0. B 3B’S3Ky 3 UM MH
MOCTaBWJIM 32 METY Ha OCHOBI JIBOX KJIaciB MaTepialiB — IMOJIiCHIOKCAHOBUX
KCEpOTeNTiB 1 ME30MOPUCTHX CHUT — PO3POOHUTH MiIXOIH, SAKi O JTO3BOJSUIN BECTH
CHHTE3 TakuxX COpOEHTIB 3 MPOrpaMOBaHUMHU CTPYKTYPHO-aJICOPOIiHHUMHU
XapaKTEepUCTHKAMHM Ta CKJIaJIOM ITOBEpXHEBoOro mapy. Kpim Toro, nependavanocs,
o Taki copOwiiHi Martepianu  OyqyTh MaTh BHCOKY COpPOLIHHY €MHICTD,
3aJ0BUIbHI KIHETHYHI XapaKTEPUCTUKH, 3HAYHY TEPMIYHY Ta TiApPOTITHYHY
CTIHKICTh TIOBEPXHEBOTO LIapy. B maHOMy IOBIIOMIIEHHI ONMUCYETHCS PO3poOKa
MeToniB cuHTe3y N,S-BMICHUX ME30MOPHCTHX CUT 3 MOHO- 1 Oi()yHKIIIOHAIbHUM
MOBEPXHEBUM IIapoM, X CKiajd, OynoBa Ta COpOLIHHI BIACTHBOCTI, a TaKOX
HaJaHa  MOpIBHAJIbHA  XapaKTEPUCTHKAa  BIACTUBOCTEH  CHHTE30BAHHUX
ME30IOPUCTUX CUT 1 OJM3BKHX 3a CKIAJ0M KCEPOTeIliB.

H,0, remmnar
Si(OR), + (RO);Si(CH,);NHR' + (RO);Si(CH,);NHC(S)NHR" —

-ROH

——— (8i0,),[05S1(CH,);NHR'],[ O3, Si(CH,);NHC(S)NHR"], |

Jc R':H, (CHz)zNHz, R"= C2H5, C6H5, (CH2)3SI(OR)3 (360 (CH2)3SiO3/2).

Jnst cuHTe3y (QYHKITIOHATII30BAHUX ME30TIOPHCTHUX CHT BUKOPHUCTOBYBABCS
NpSMUIA METOJ, IBOX- YM TPHOXKOMIIOHEHTHI (32 CHJIaHaMM) CHCTEMH Ta pi3Hi 3a
NPUPOJOI0 TEMIUIATH. B sSKOCTI CIPKOBMICHO Tpynu BHUKOPHCTOBYBAJIN
TiokapOaMiJHy, a TIpH CHHTE31 ME30MOpUCTUX CHUT 3 OiyHKIIOHATEHUM
MOBEPXHEBUM IMIapOM — JOJAaTKOBO BBOIWJIMCH Jesiki aMiHHI rpymu. Cxema
CHHTE3y TakuxX copOeHTiB HaBezeHa Buine. CrovaTtky, I TOPIBHSHHS, OyIu
CHHTE30BaHI ME30IMOPUCTI CHUTAa 3 MOHOQYHKITIOHAJHHIUM IMMOBEPXHEBUM IIApOM.

im 4ac cuHTE3y copOeHTiB 3 Oi()yHKIIOHATLHUM TIOBEPXHEBUM IIApOM
BapilOBaJIOCh CIIBBIIHOIICHHS (YHKI[IOHATBHUX TPYN Pi3HO MPHUPOIH, & TAKOXK
IpyUpoAa TeMIulaTy. B  SKOCTI OCTaHHIX BHKOPHCTOBYBAJIH CIIONIYKH SK
HEUTpaTbHO TPHUPOIM, TaK 1 TaKi, IO € COMIMH. BUaaneHHs TeMIIaTy BEIOCh, K
MPAaBWIIO, EKCTPAKIIEI0 3 BUKOPHUCTAHHSAM CIHUPTIB. Y BUMAAKY COpPOCHTIB 3
MOHO(YHKITIOHaJIbHIM HOBEPXHEBUM IIAPOM ISl MOPIBHSHHS BUKOPHUCTOBYBAJIN
i migkucneny Boxy. Ckilax OTpUMaHUX MarepiajiB OyJO BCTAHOBJIEHO 3
JIOTIOMOT'OI0 €JIEMEHTHOTO aHajli3y, a NPHCYTHICTh (YHKIIOHAIBHUX Ipymn — 3
nonomoroto [Y cnekrpockomi . okazaHo, mo [Y cnexTpockormisi 0JHO3HAYHO
ineHTH(IKYy€ SIK MPUCYTHICTh CIPKOBMICHHX I'PYTI, IO BBOASTHCS il 4ac CUHTE3Y,
TaK 1 aJKOKCIrpyn, II0 BHHUKAaIOTh HiJ 4Yac BHJAJCHHS TEMIUIATy.
JudpakTorpamu, ojepKaHi Juisl BCIX 3pa3KiB, cBiM4aTh Mpo Te, 110, MO-TIepIne, X
ME30IOpUCTa CTPYKTYypa 30epiraeThCs IMicis BUAAJICHHS TEMIUIATY, a, MO-APYTe,
[I0 TIPH BHUKOPHCTAaHHI HEHTPANbHUX TEMIUIATIB YTBOPIOIOTHCA, SK MPaBUIIO,
ME30CTPYKTYpH 3 4epB’sakomofiOHnMu mopamu. OOYHUCIICHI 3 BHUKOPUCTAHHIM
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i30TepM aacopOIli a30Ty CTPYKTYPHO-aACOpPOITiiHI XapaKTepHUCTHKN BKa3yIOTh Ha
Te, 0 NPUpPOJa TEMIUIATY Ta JIOBXKHHA aJKIBHOTO JIAHIIOTa € YHHHUKAMH, SIKI
BIJIMBAIOThH HA YIOPSAKOBAHICTh CTPYKTYP OTPUMAHMX aACOPOMIHHUX MaTepiais,
CHUCTEMY Ta PO3MIp X TOp. €BHY pOJIb Bifirpae Mpupojaa i CIiBBiTHOIICHHS
(yHKITIOHATEHUX TPyn B TMOBepxXxHeBoMy Imapi. CHHTE30BaHI 3pa3Kd MaroTh
MiIBUIIEHY TEPMIYHY CTIHKICTh. B TIOBIIOMJIEHHI OKpPEeMO IHUCKYTYIOTHCS
COpOLiifHI BIACTHBOCTI OTPHUMAaHUX COPOCHTIB IO BiJHOIICHHIO JO IOHIB
OmaropoHUX MeTaliB (30J10Ta, MANaJiI0, TUNIATHHU). ABTOPH IIUPO 3aBISYYIOTH
rpauty HATO Ne 978006 3a yacTkoBy (hiHAHCOBY MIATPUMKY L€ poOOTH.

dyHKUioHani3oBaHi nonicunokcaHoBi Kceporeni Ta Me30NOpPUCTi
cuTa - HOBe MOKOMiHHA copOuiMHUX MmaTepianiB

3y6 10.J1., Yyiiko O.0.
Incmumym ximi nosepxni HAH Yxpa nu, m. Ku 6, Ykpa na

BukopucTtanHs 307b-Telb TEXHIKM B CHHTE31 HOBUX (YHKI[IOHATI30BaHUX
MarepiaiiB, B TOMY YHCIi aIcOpOLiHHMX, HAa OCHOBI JIOKCHIY KpPEMHII0 Mae
He3alepeyHi MepeBary rnepej iHmuMyA METOIaMH, TaK K B 3HAYHIN Mipi T03BOJISIE
BINIMBATH  Ha  OCHOBHI  (Pi3WKO-XIMiYHI Ta  CTPYKTYpHO-aICOpOIIiitHi
XapaKTEPUCTHKH KIHICBUX MPOAYKTIB. [HIIUMHU ClIOBaMH, 307b-T€IIb METOJ €
NOTY)KHUM 3aco00M Jan3aiiHy (yHKIIOHATI30BaHUX MaTepialiB 3 Hamlepen
00yMOBIIEHUMH XapaKTepucTUKaMH. Jlo IboTO MOKHA AOIATH, IO CaMi CHHTE3H
€, K TpaBWIO, ONHOCTAAIMHUMH, a  MOXIHUBICTH  BHUKOPHCTaHHS
0araTOKOMITOHCHTHHUX (3a CHJIAHAMH) CHCTEM JIO3BOJISIE PO3B’SI3yBaTH CKIIAIHI
3aBIAaHHA, SIKi TIOCTalOTh Ha TIPAKTHKU. Tak sK peakimis TiAPOJITHIHO
MOJIIKOHJICHCAIll , Ha SIKii 0a3yeThCs HAHOUIBII MOIMMPEHWHA BapiaHT 30JIb-TEb
METOAY, JCKUTh 1 B OCHOBI TEMIUIATHOTO METOJYy CHHTE3y, TO y3arajlbHCHHS,
BUKJIaZIcHI B IbOMY TIOBiIOMJICHiI, OyayTh TOpKAaTHCh HE  TiIBKH
(dyHKIIOHATI30BaHUX  ToJicMiokcaHoBux kceporenmiB (@ K), a Takox i
¢dyskmionanizoBanux Meszonopuctux cut (OMC). CrmouaTky Oyae poO3IIISTHYTO
KOpPOTKY ICTOPUYHY IOBIIKY IO PO3BHTKY LIbOT'O HANpsMYy i MOKa3aHo, IO IIe B
1964 Ta 1966 pp. 6yno B3saro nBa AC CPCP, B sikux Oynau OmucaHi METOIHUKH
CUHTE3Y JBOX MOTCHIIHHUX COPOCHTIB 3 BUKOPHCTAHHIM 30JIb-T€JIb TEXHIKH -
®MK 3 3-amiHOIpOMUIBHOI0O- Ta 2-KapOOKCWJICTWIBHOIO TpymnaMu. Aue
OypXJMBUH PO3BUTOK IIHOTO HAmpsMy TodaBcs B octaHHi 10-15 pokiB. icist
JIEMOHCTpAIll MOXKIIMBOCTEH TeMIulaTHOro Metony y 1992 p. mi aBa HampsiMu
OpPTaHiYHO CTajaM JOMOBHIOBATH OJAWH OJHOTO, NMPOIOHYIOYM HIMPOKHH CIIEKTP
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HOBHUX copOeHTiB Ta Hoci B. 3 Oarathox kyaciB @ K mepmum Oyne po3riasHyTo
MOJIIaMiHOCHIIOKCAHOBHM, K Halkpalle BHUBYEHHH. ByayTh OOTOBOpEHI NUIAXH
MOIIYKY ONTHMAJILHUX METOJMK CHHTE3y COPOCHTIB 3 PO3BHHYTOIO TIOBEPXHEIO Ta
MaKCHMaJIbHAM BMICTOM aMIiHOTPYIL. 3 LI€I0 METOI0 OyAyTb PO3TIISTHYTI YNHHUKH,
SIKi BIUTMBAIOTH Ha CTPYKTYPHO-acOpOITiiiHi XapakTepucTuku Takux @ K, B ToMy
YUCNi: TPUPOJA PO3YMHHHKA, CITBBITHONIEHHS pearylounXx KOMIIOHEHTIB,
NpUpoJa Ta po3MipH (YHKIIOHATIBHUX TPYII, PEKUM T'eJIIOBAHHS, IPOMUBAHHS Ta
cymiHHsA. byme mokazaHo, 10 KOMOIHYIOYM IIi YHHHHUKH, MOXKHa BECTH
[iJecpsIMOBAaHUN CHHTE3 COpPOCHTIB 1€ Tpymd, B TOMY 4YHCT 1 3
6ipynkuionansHUM TOBepXHeBUM mmapoM. st onepxkanns @ K 3 3anmmxamu
KapOOHOBUX KHCJOT PO3TILIATUMYThCS JEKUIbKa MpernapaTHBHUX IIAXOMIB, SIKi
TPYHTYIOTBCS HAa OMHJICHHI HITPHJIBHUX IPYN B M’SIKHX Ta JKOPCTKHUX yMOBaXx.
Takox OyamyTb aucKyTyBaTHCh MeToauKH cuHTesy @ K 3 TionbHUMH TpynaMu
Ha NIOBEPXHI, ONKCaHi B JiTepaTypi i po3poOiieHi aBTopamu. byzne nmokasaHno, mo
BUKOPHUCTAHHS B SKOCTI KaraiizaTopy (QTOpHI-iOHY, a HE CHOJYK 0JIOBa, BEAC 1O
COpOEHTIB 3 PO3BHHYTOIO IMOPYBATICTIO 1 BHCOKHM BMIiCTOM (DYHKIIIOHATEHHUX
rpyn. IlikaBUMM 1O CBO M CTPYKTYpHO-3aJCOpOLIHHMM XapaKTepHCTHKaM
BusBiwinch @ K 3 OGiQyHKIIOHATEHUM  TIOBEPXHEBHM  IIAPOM  THUITY
=Si(CH,);SH/=Si(CH;);NH, - B  3ajeXHOCTI  Bil  CHiBBiJHOIICHHS
(yHKIIIOHATEHUX TPYN Yy HHUX 3’SBISJIACh YW 3HUKalda OiMoIanbHAa TOpyBaTa
ctpykrypa. Hactymauii kitac @ K, 0co0nmMBO MEepCHEKTUBHUN B MPAKTUIHOMY
IUIaHi, SKUH OyAe po3rIsimaTHCh, - II€ TakKi, IO MICTATh Ha IOBEPXHI
Tiokapbamigni yrpymyBanus tuiy =Si(CH,);NHC(S)NHR’.  okazano cyrreBuid
BIUIMB CITIBBIJHOILICHHS Pearyroynx KOMITOHEHTIB 1 CKJaay MOBEPXHEBOTO IIapy
Ha TOPYBATICTh Ta CTYMiHb TiAPOPOOHOCTI TaKWX COpOEHTIB. 3 METOI0 OB
MIEBHOTO TPOTHO3YBaHHS BJIACTHBOCTEH mNoBepxHeBoro mapy @ K HeoOximHO
MaTu BimoMmocTi mpo crenudiky Horo OynoBu. AHami3 JaHHUX, OTPHUMAaHHX 3
poromorofo TBeprotineHo C 1 *’Si CP MAS SIMP criektpockori , a Takke
METONly METaJ030HAY, MPUBOIUTH 10 BHCHOBKY, IO KpIM CHIQHOJBHHX Ta
MUCHIAHOJNBLHUX Tpym, Ha mnoBepxHi Takmx @ K mpucytHi — y BHIajKy,
HaIPUKIIAJ, TMoTiaMiHOCHIOKcaHoBUX — ¢parmentu tuiry HoN(CH,);Si(0OSi=); i
H,N(CH,);Si(0Si=),(OH). Criix 3ayBaxuTH, 10 aMiHHI Tpymu ad0 MPOTOHOBAHI,
abo OepyTh yd4acTh B YTBOPCHI CHIJIBHOTO BOIHEBOTO 3B’s3Ky. KpiMm TOTO,
3po0JICHO TpHITyIIeHHs Npo icHyBaHHS Ha mosepxHi @ K omiromepis, ski
YTBOPIOIOTBCS TiJ] Yac 30Jib-Tellb MpPOIECy, 10 OOYMOBIIOE BXOIKECHHS B
KOOpAMHaLilHy cdepy, Hanpukiax, ioHy migi(Il) TUTbKH TBOX MOHOJNEHTAaTHHX
(yHKIIIOHATIBHUX TPYI-JTiraniiB. 3ayBa)kKUMO, IO CKJIaJ KOOPAMHALIWHOTO By3a
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i0HIB MeTamiB, copOoBaHnX TakumMu @ K, 3amummaerscs MOCTIHHUM 31 3MiHOIO
npupoad (QYHKIIOHAIBHO TPYIH, CTPYKTYPHO-aJACOPOLIHHUX XapaKTePHCTHUK
3pa3Ky, CHiBBIJHOIICHHS MeTal (B po34MHi) : JiraHa ((GpyHKIOHaJbHA Tpyna Ha
noBepxHi). Busuenns 3 gomomoroio TBeprotimeHo C u *’Si CP (i DP) MAS
SAMP cnektpockoni 3paskiB ®MC, opepkaHMX 3 IOTIOMOTor0 TeMrniatiB (1-
aMiHOJOACTIMII), TIOKa3ajo, IO Ha X IMOBEPXHI MPUCYTHI Ti X (QYHKIIOHATHHI
¢parmenty, mo i y Bunagky @ K. Ile no3Bomnsie 3podutn nonepeaHii BUCHOBOK,
o OyJ0Ba MOBEPXHI ITUX JBOX TPyn cOpOEHTIB Mae OMU3bKHI XapakTep. Takum
guHoM, @ K i ®MC mnpuramani CHilbHI pUCH, SKi OyIyTh BHUSBISITHCH B X
COpOLIHHNX Ta IHIIUX BIIACTHBOCTSX. ABTOPH BHCJOBIIOIOTH INUPY MOISIKY
HATO (rpanT SfP Ne 978006) 3a yacTKOBY (piHAHCOBY MIATPUMKY X JOCIIKCHB
B o0macti cuHTE3y (QYHKI[IOHATI30BAHUX aJCOPOMIMHMX MaTepialiB MUITXOM
BUKOPHUCTAHHS 30JIb-TC]Ib METOAY.

New functionalised siloxanes as building blocks for novel
nanoporous materials

Bent Matthew and Gun’ko Yurii K.
Department of Chemistry, Trinity College Dublin, Ireland

This work is to design new organosilicon precursors, which contain both siloxane
and cyclopentadienyl functionalities and use these compounds as building blocks
for new materials. Silanetriols [RSi(OH);], bis-silanetriols [(OH);SiR’Si(OH);; R
= -(CH,)5(C1pH0)(CH,);5-] and several polyhedral silsesquioxanes, (RSiO; 5), (n =
8 and 10) with cyclopentadienyl (R = -CsH; or -(CH,);-CsH; ) functionalities have
been prepared by the acid-assisted hydrolytic condensation of the correspondent
silicon organic precursors RSiCl; or RSi(OC,H;5);. The products of these reactions
were varied depending of the nature of organic solvent, amount of water and
catalyst used. The products with cyclopentadienyl groups have been used to
prepare new cross-linked 3D oligomers and polymers by Diels-Alder reaction.
The compounds have been characterised by multinuclear (‘H, "*C, and *’Si) NMR,
ES MS and IR spectroscopy, UV-Vis spectrometry, GPC and electronic
microscopy (TEM and SEM). The approach above seems to be very promising for
the preparation of novel controlled pore size nanostructured materials.
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3onb-renb TEXHONOrs Nony4YeHnsa (PyHKLUMOHANILHON KepaMUKu

Henuneko C.A., 3enskoBud E.T'., JI3a3pk0 A.I'., Kynnuenko B.A., [lpo3x B.A., Manuenko
0.0., 3enensko T.A., barunckumii 1.J1.

Kuescxuti nayuonanvuwiii ynueepcumem umenu Tapaca Illesuenxo

PUMCHEHUE 30JIb-TelIb TEXHOJOTHH YIS MOMyYeHHS ()YHKIIMOHAIFHOW KePaMUKH
IIUPOKOTO CIIEKTPa, OOYCIOBICHO BO3MOXKHOCTBIO TIONYYCHHS OJIHOPOTHBIX
MaTepHaJOB ¢ BOCIPOU3BOJUMBIMY (PH3UKO-XUMUIECKUMHU CBOWcTBaMHU. Llenpio
HACTOSIICH pabOTHl SBISUIOCH U3YYCHHUE TEXHOJOTHUCCKUX ACIEKTOB IOYYCHHS
CJIO)KHO-OKCHUIHBIX ~ KOMIIO3HMIMH €  pPa3sIUYHBIMH  (PH3HKO-XUMHUYCCKUMHU
CBOMCTBAMHM W CpaBHEHHWE WX C aHAJOTHYHBIMH OOpa3liaMu, IMOJYICHHBIMH ITO
KepaMHU9IEeCKOl TeXHOIOTHH. B kauecTBe 00BEKTOB /IS MCCICIOBAHUS HAMH OBLIH
BBIOpaHBI: 3aMelIeHHble HuKenaTel u kobambTaThl P32 - La, MNO 45 Nd;.
M;C03075, M=Ca, Sr, Ba; cBepxmpoBomsmue coenuaeHus: R Ba, Cuz07s
(R=Gd, Sm) (123), BiSr,CaCu,05:5 (2212), BipSr,CuOgs  (2201)
Bi,Sr;,CayCus01p5 (2223). B kauecTBe 305b-TeIb METOJAa HaMHU ObLIa BBIOpaHa
MOAU(HUIIMPOBAHHAS TEXHOJOTHS TeleoOpa3oBaHUs C WCIOIB30BAaHUEM JBYX
3aMEIICHHOTO IUTpara amMMmoHus. OTnpeAercHbl ONTUMANbHBIC — YCIOBHUS
MPOBECHUS IIpollecca TIeleoOpa3oBaHUS.  PUMCHCHHE (DH3UKO-XUMUYCCKHUX
METOJIOB HCCJICIOBAaHUS TIpolecca Tepmoim3a ucxomHod muxthl (MK-
CIIEKTPOCKOITHS, TEPMOTPABUMETPHS, PEHTTEHOTpaQUUECKHN aHaIN3) TTO3BOJIHIIO
YCTaHOBHUTH TPOIECCHI, MPOUCXOISIIUC TPH TEPMOIHM3E Telsl U HaWTH
ONITHUMAJIbHBIC YCJIOBHS TPOBEICHHS pa3IokKeHHs. Tak, Ha TpPHUMEpPE CHCTEM
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okcuaabix BTC 123 moka3zaHo, 94TO MakCHUMallbHas MOTeps Beca oOpas3IoB (10
80% oT Bceli mOTepH Beca) MPH TEPMOIU3E T'ellsd MPOUCXOIUT IIPH TEMIIEPaType 10
600-650°C, a ToNHOE pa3JIOKEHUE IMTPATHOTO Tejisd M obpasoBanue Smi.Ba,.
«Cu3075 mpoumcxogur mnpu  Temneparype 800°C B TeueHme 3 wacos.
PenTrenorpagudeckue MUCCICAOBaHUS TOATBEPAUIN TOMOTEHHOCTh MOJTYYCHHBIX
00pasioB OPTOPOMOMYECKOW CHUMMETPHUH. POBEICH CpPaBHHUTENBHBIH aHAIN3
(DU3UKO-XMMUYECKUX CBOWCTB OKCHAHBIX COCIWHEHHId, MOJYYEHHBIX KaK IO
KepaMHUYEeCKON, TaK W IO 30Jb-TelIb TEXHOJOTHH.  OKa3aHO, YTO JYYIIUC
XapaKTEPUCTHKH UMCIOT 00Pa3Ilbl, MOTYYCHHBIC METOJOM 30Jb-I'¢]Ib TEXHOIOTHH.

Surface structure investigation of SiO,/Nb,O; system prepared by
sol-gel processing method

Francisco Maria Suzana P. * and Gushikem Yoshitaka
Instituto de Qu mica, Unicamp, CP 6154, 13083-970 Campinas, SP, Brazil

The surface behavior of the system SiO,/Nb,Os prepared by the sol-gel processing
method as a function of the niobia amount (2.5, 5.0, and 7.5% in atomic
percentage) and the temperature of the thermal treatment was investigated. The
main objectives were achieved with the employment of the physical absorption,
X-ray photoelectron (XPS) and Fourier transform infrared (FT-IR) spectroscopies,
and transmission electron microscopy techniques. The specific surface areas
(Sgger) of the samples are dependent on the amount of Nb,Os supported on silica
and on the thermal treatment. The Si0,/2.5%Nb,0s sample, thermally treated at
423 K, presents the highest surface area, 940 m’ g'l. The Sggr values obtained for
the other two compositions, 5.0 and 7.5% of Nb,Os, are 743 and 714 mz.g'l,
respectively. The HCI used as a catalyst during the sol-gel process probably is the
responsible for the so high specific surface areca of the SiO,/Nb,Os samples
obtained in this study. Even for a high-niobium oxide amount (7.5%) the silica
framework is not so much affected by calcination at intermediate temperature
(1073 K). The XPS data reveals that with increasing amount of niobium oxide on
silica, the binding energies of the Nb 3d level are shifted to higher value indicating
a highly ionic Nb>* species on SiO, matrix. The IR spectra of the samples present

the band at ca. 976 cm™ (which is due to the stretching of silanol groups, VSiOH)

shifted to lower values of wave number (ca. 952 cm™), being more pronounced for
the Si0,/2.5% Nb,Os sample. The decrease of its intensity with thermal treatment
can be explained by the fact that, under these conditions, agglomeration of niobia
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takes place, as observed by TEM images. The XPS and FT-IR analyses probably

show a Si-O-Nb bond formation at the silica-niobia interface responsible for

maintaining a high surface area even after elevated temperature of treatment.
MSPF is indebted to Fapesp for pos-doc fellowship

Synthesis, morphology and acidic properties of the mixed oxide SiO,-
SnO, obtained by the sol-gel processing method

Cardoso William S., Francisco Maria Suzana P. * and Gushikem Y oshitaka

Instituto de Qu mica, Unicamp, CP 6154, 13083-970 Campinas, SP, Brazil
The SiO,/SnO, binary oxide has been a subject of interesting taking into
consideration its use as a material for solar cells, for fabrication of gas sensors, for
use as a conducting substrate or as a substrate for immobilization of electroactive
species for fabrication of electrochemical sensors. The present work describes a
new sol-gel route for the preparation of SnO,-dopped SiO, xerogel by using
tetraethylorthosilicate and tin iodide precursors. The materials with following
compositions were prepared: 4, 13 and 18% (Sn in atomic units) with the specific
surface areas 476, 648 and 662 m’g”, respectively. After drying, the morphology
of the material was analyzed by X-ray diffraction (XRD). It was observed that
independent on the amount of tin oxide, the XRD of the samples, thermally treated
at 298, 1073 and 1173 K, presented only a wide halo with no distinguishable
diffraction patterns. The Fourier Transform Infrared (FTIR) spectra of adsorbed
pyridine were used to evaluate the concentration and the relative strength of
Bronsted (BAS) and Lewis (LAS) acid sites. The study showed that in the SiO,-
SnO, binary oxides BAS and LAS are thermally stable up to 523 K. The SnO,
nano sized particles highly and homogeneously dispersed in the silica matrix are
the responsible for such high thermal stability.

WSC is indebted to CNPq for a doctoral fellowship and MSPF is indebted to
FAPESP for pos-doc fellowship

Ucnonb3oBaHue 30nb-refnb npouecca B nony4yeHmun
beHKLIMOHa.ﬂM3MpOBaHHbIX rMGpM,D,HbIX KpeMHe3eMHbIX maTepunanoB

Pammnosa C.11., Pysumypanos O.H., 3ansuesa C.B., Anop6aesa I'., CaTtpibangsieBa
A.T., Hlakaposa JI.I11., KaGymnor B./1.

Hucmumym xumuu u ghuzuxu norumepos AH PV, Tawkenm
Meronbl (YHKIHMOHANW3AMA B HACTOSAIIEE BpeMs W B OmmKadIne
MEPCIIEKTHBE CBSA3aHBI C MMMOOWIN3ALNEH, 30J1b-Te)Ib TEXHOJIOTUSIMU, CHHTE3aMHU
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Ha TMOBEPXHOCTH TBEPHABIX MATEPHANOB. ONy4YCHHE (QYHKIMOHATN3MPOBAHHBIX
THOPUIHBIX MAaTepHaoB dYepe3 30Jb-TelNb IPOLECC IIyTeM B3aUMOICHCTBUS
OPTaHUYECKUX TOJUMEPOB C TETPAITOKCUCUIAHOM CTAJIO PACTIPOCTPAHCHHBIM H3-
3a IPOCTOTHI ¥ APPEKTHBHOCTHU MOIXOAA K Pa3pabdOTKe OPraHUKO-KPEMHE3EMHBIX
MOJIMMEPHBIX ~ MaTepHalioB,  COYETAIOMMX  JKECTKOCTh  KpeMHe3emMa M|
(hyHKIMOHATBHBIE CBOWCTBA MOMUMEpOB. DyHKIIMOHATN3NPOBAHHBIE THOPHUIHEIC
COpPOLIMOHHBIC KPEMHE3CMBI TONyYaroT 30JIb-TEIb METOJOM U3 alIKOKCHIIOB
KpPEeMHHS B Cpelle paCTBOPUMOTO OPTaHMYECKOro mojmMepa. BmecTto mommumepa B
KadecTBE OPraHWYECKOT0 KOMIIOHEHTa MOXET OBITh WCIIONIB30BaH MOHOMED,
KOTOPBIl  BKJIIOYACTCSA B HAYAIBHYIO CTAIHI0 30Jb-Teb pPCAKIUH |
MOJMMEPHU3YETCS OJJHOBPEMEHHO ¢ (hOpMUpOBaHHUEM CHITUKarens. [[is momyueHus
(hYHKIMOHATMM3UPOBAHHBIX ~ MOJHMEPHBIX ~ KPEMHE3EMHBIX  COpPOCHTOB ¢
UCIIOJIb30BAaHUEM 30Jb-TENIb ITPOLECCa HAMU TMPOBEICHBI HCCICAOBAHHSI B TPEX
HANpPaBJICHUSAX: TONydYeHWEe THOPHIHOTO COpOCHTA TPU  OJHOBPEMCHHO
NPOTEKAONMUX  IOJMMEpPU3alliN  aKpUIOHUTPHIIA W THIpOIH3a  C
noJmKoHAeHcanuel Terpadtokcrucminana (TOOC) B MpUCYTCTBHH KaTalu3aTopa
MOJMMEPH3allMd  aKPWJIOHUTPUIIA; TIONYYCHHE THOPUIHOTO COpOCHTa mpH
ruponnse u noaukoraeHcanun TOOC B pacTBope MOTMKANpoaMua; oTydeHue
THOPUIHOTO CcOpOEHTa MPH BKIIOYEHUH B 30Jb-TE€Nh IPOIECC OHOIMoImMepa
XUTO3aHA. OJIyY4CHBI 00pa3Ibl MUKPOCHEPUUCCKUX CIIIMKAreJed ¢ 3aJaHHON
(hYHKIMOHATBHOCTRIO pa3Mep YacTHIl copOeHTOoB S5tl1 MKM  1O3BOJISET
ucnonb3oBath ux it BIXX m BOTCX. CeolicTBa MONYyYCHHBIX 0OO0pa3IOB
copbenToB wmccienoBansl Merogamu UK-cnexTpockonmm, peHTtreHorpaduu,
MHUKPOCKOIINH, SIIEMEHTHOTO W COPOIIMOHHOTO aHAJIN3A.

NSIMB NOBEPXHEBO-aKTUBHUX PEYOBUH - YeTBEPTUHHUX CONen
aMOHIl0 Ha npouec KoHAecali Ta CTPYKTYPHO-COpPOLiMHi BNacTUBOCTI
KpeMHe3emy.

Kosanenko O.C., Cunroria A.P., Inp 1 B.I'.

Inemumym ¢izuuno ximi im.JI.B. ucapocescokoeo HAH Yipa nu

Bukopucranns temmiaryrouo ai AP, 30kpema X camoopranizami 3
YTBOPEHHSAM MILEISIPHUX CTPYKTYp, SKI BHKOHYIOTH pOJb IPOCTOPOBUX
m1abJI0HIB, JTO3BOJISIE OAEP)KYBAaTH OJHOPITHOME3OIOPUCTI MOJIEKYINISIpHI CHUTa
(MMC) Ha OcHOBI KpeMHE3eMy Ta JESKHX IHIINX HEOPraHiYHUX OKCHIIB, SIKi
MOXXYTh BUKOPHUCTOBYBATHUCH SIK aJICOPOCHTH, KaTalli3aTOPH, HOCI KaTami3aTopiB i
iHmm GyHKmioHanpHI Matepiamm. OnTumiszartis ymoB onepkanas MMC notpebye
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BHBUEHHS OCOOJIMBOCTEH KOHJICHCAIll CHIIikaTy B TpucyTHocti AP Ta B
MDKMITIEISIPHOMY TIpocTopi. HalOinbm BIOpSIKOBaHI MaTepiaid YTBOPIOIOTHCS
NPY HAasIBHOCTI CHJIBHO EJCKTPOCTATHYHO B3a€MOJi ioHOTeHHHUX AP, 30kpema
YCTBEPTHHHUX COJICH aMOHII0, 3 CHIiKaTHUMU aHioHamu. KoHaeHcaris
CHJTIKaTHUX aHIOHIB 3 YTBOPEHHSIM KPEMHE3E€MHOTO KapKacy BiJOyBaeTbcs Ha
MOBEPXHI MINENAPHUX CTPYKTYp, YTBOpEeHHUX TakumMu  AP.  opiBHsIbHE
JOCJIIJPKEHHS BITUBY YETBEPTUHHUX COJICH aMOHII0 (3BHYalfHUX Ta aM(ipUIbHHUX)
Ha TIPOIleC KOHJCHCAIl KpeMHE3eMy TO0Ka3ayio, 10 B MPUCYTHOCTI MILEIAPHUX
CTPYKTYp PO3IIMPIOIOTECS MEXKi BenwdnH pH, mpu  sSkuxX BigOyBaeTbest
KOHJICHCAIlis CHJTIKATHUX aHIOHIB, IO MOXKE CHPUATH IEPEBAKHOMY YTBOPCHHIO
came Me30(das3u, MpU yMOBI JOTpUMaHHS TEBHO BenmuuHu pH po3umuy. Ane
yTBOpeHHST Me30(ha3r BHOCHUTH JOJATKOBI OOMEXKEHHS IIBUIKOCTI TIPOIIECIiB
1I0OHHOTO OOMiHY, 10 BUMArae JOTPUMAHHS IIEBHOTO PEKUMY (OPMYBAHHS OCady.
Kpim Toro, sik cBimuatk naHi [U-criekTpockori , KOHIEHCAIlis CHTIKATHUX aHiOHIB
y MIKMITIEIIPHOMY TTPOCTOPI Ta HA MOBEPXHI MINEISIPHUX CTPYKTYp, SAKI MArOTh
OpIEHTYIOUY Ta KOHIIGHTPYIOUY Jif0, MPOXOJUTh MEHII TIOBHO, IOPIBHSIHO 3
pPO3YMHOM, BHACHIJOK YOTO CTYIiHb KOHJICHCANll CHJIAHONBHUX TpPyH B
KpeMHe3eMHOMY kapkaci MMC mTOMITHO HWXK4YHMHA, HDK TpPH  BiICYTHOCTI
MILEJSIPHUAX CTPYKTYp. MeTonom PDA mokaszano, 1Mo BHIOPSAKOBAaHICTh Me30(ha3
MIOMITHO BHIIIA ITPY X YTBOPEHHI B JIy)KHOMY CEPEIOBHILII 3aBISKH CHIbHIN 10HHIH
B3a€MOJII CHTIKATHUX aHIOHIB 3 3aps/KCHOI0 MTOBEPXHEIO MIMEISIPHUX CTPYKTYP.
B xucimomy cepenoBwmii mpoiec KOHACHCAI CHJIIKATY CIOBUIBHIOETHCS, a
MPOCTOPOBA  BHOPSIKOBAHICTE  Me30(ha3  3HHKYETHCS. pote,  3aBISIKU
MocTa0JIeHHIO B3aeMonli  AP-CHIIIKAaT B KHCIOMY CEpeIOBHINI MOKHA YHUKHYTH
yTBOpeHHS Me30(a3u y BUTIISAIL 0cay, IO JO3BOJSE OTPUMATH OiTbIT KOMITAKTHI
MMC, a Takox ME30TIOPHUCTI TUTIBKH, 30KpeMa Ha TIOBEPXHi CKIIa.

nAMB NpMpoau MiLuensipHOro TeMnaTty Ta HeopraHiyHoro
NPEYPCOPY Ha reOMeTPUYHI XapaKTepPUCTUKM Me30MnopyBaTUX
KpeMHe3eMiB i TUTaHOKpeMHe3eMiB

aBiieHko A.M., SInummonscekuii B.B., TeopTux B.A.

Inemumym ximi noeepxni HAH Yxpa nu

3 pO3BUTKOM METOMIB TEMIUIATHOTO CHHTE3Yy, J€ B  SKOCTI
CYMPAaMOJICKYIISAPHAX MIIESIPHUX KOMILUICKCIB BHUKOPUCTOBYIOTH pi3HI AP,
3'SIBIITUCST  HOBI  MOMJIMBOCTI  IUIS  OACPXKaHHS  OJHOPIIHOME30MOPYBATHX
BIIOPSIIKOBAHUX HaHOMAaTepialliB, MO0 TPEACTABIAIOTh MPAaKTHYHUU iHTepec. B
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poOOTi CHHTE30BaHI ME30MOPYBaTi KPEeMHE3eMH 3 OIMOJAIEHAM PO3IOIIIOM TIOP
MIPY BUKOPUCTAHHI K MIIEIIPHUX TEMIUTATIB OpOMiNy IETHITPUMETHIAMOHIIO Ta
XJIOPHIY OKTaACLIITPHUMETHIAMOHIIO, 0 OyJM nepeBe/icHi B OCHOBHY (opMmy 3a
JIOTIOMOTOI0 aHIOHOOOMIHHO CMOJIM, 1 AepOCHIIy Ta TETPAaeTOKCICHIAaHy SIK
MPeKypcopiB KpeMHe3eMy. BuBueHi mpoliecm yTBOpEHHS Ta BIUIMB TOBKHHH
BYTJIEBOJIHEBOTO JIaHIIora AP (Xj0puay oKTaaenuITpuMEeTHIaMOHII0, OpOMiTiB
HETWITPUMETHJIAMOHIIO Ta TETPafeLMITPUMETHIAMOHIIO) Ha JiaMeTp Imop Ta
TOBIIMHY CTIHOK TIOpP OJAHOPiTHOME30TOPYBAaTHX KpeMHe3eMiB Tuiry MCM-41. 3a
PO3pOOJICHOI0 METOIMKOI0 CHHTE30BaHI B KOHIIEHTPOBAHOMY pO3UYWHI amiaky
Me3omnopyBati TuTaHokpeMHezeMu iy Ti-MCM-41 3 1 ta 15 mon. % BMicToM
TiO, Ta mocnipKeHi MpoIecH YTBOPEHHS B KUCIOMY CEPEAOBHII ME30IOPYBATHX
TUTaHOoCcHIiKaTiB 3 BMicToM Ti0O, Bix 1 mo 70 moi. %. B sikocTi mpexypcopiB 30I1b-
reNlb  TPOIECIB BUKOPUCTAHI TETPACTOKCICHIIAH Ta TETPai30MpONOKCITUTAH.
BunaneHHs TeMIuiaTy MpOBOAWIH IIISIXOM KalbLiHYBaHHS MPOIYKTIB Ha MOBITPI
npu 540°C npotsarom 6 romuH. OjeprkaHi 3pa3Kd OXapaKTEPU30BaHI METOIIOM
peHTreHoda3oBoro aHamizy Ta mo aiacopomi azory nmpu 77K. Ha mudpakxrorpamax
OJTHOPIHOME30TOopYBaTHX KpeMmHe3eMiB Tuy MCM-41 Ta THTaHOKpEeMHE3eMiB
tuny Ti-MCM-41 nposBIsItOTECS BITOWTTS B MaJIOKYTOBIM 00JIacTi, TUITOBI IS
BIIOPSIKOBAaHUX TEKCAarOHAIBHUX CTPYKTYp. Judpakrorpamm Me30mopyBaTHX
TUTQHOCWJIIKATiB, OJCP)KAaHUX B KHCIOMY CEpEIOBHINI, MICTATH MaKCHUMYM,
XapaKTepHUH /I aHaTa3y, IHTEHCUBHICTB SIKOTO 3POCTaE i3 301IbLICHHSIM BMICTY
THUTaHy B 3pa3kax. BeawmunHa MUTOMO TOBEPXHI, po3paxoBaHa 3a MeTojoM BET,
JTHIHHO 3MEHIIYEThCS NIPH MOCTynoBoMy pocti BmicTy TiO, B CHHTE30BaHHX
TUTAHOBMICHUX KpEMHE3eMax, TOJI SK JiaMeTp IOop, BU3HAUCHUH 3a PiBHAHHIM
I'ypgiua, 3poctae. Burisin i3otepm amcopOmi mpu 1iboMy 3MiHIOETHCS Bin [ mo IV
TUIYy 3 TIOSBOIO XapakTepHUX JUII ME30CTPYKTYp TeTelb TiCTepe3ucy.
Cunre3oBani kpeMHe3eMu Ty MCM-41 Ta tutanokpemuesemu tuny Ti-MCM-
41 XapakTepH3yIOThCSI PO3BHHEHOIO ITMTOMOIO IIOBEPXHEI0 Ta OJHOPIAHUMHU
ME30TI0PaMHu.

pomMmcoaepxawue KpemHe3eMbl B 30J1b-refib CUHTe3e
(*)YHKLIMOHaanbIX CTeK.ﬂOOGpa3HbIX mMaTtepunanoB

Bbopucenko H.B. 1, Borartsipes B.M. 1, onnenexHsiii E.H. 2, Boiiko A.A. 2,
AstekceeHko A.A. 2
' Hnemumym xumuu nosepxnocmu HAH Ykpaunv
2 omenvckuii 2ocydapemeennviii mexnuyeckuti yuusepcumem um. .0.Cyxozo
Pa3paboTaH HOBBIH BapHaHT 30JIb-T€Ib CHHTE3a aKTHBHPOBAHHBIX XPOM-HOHAMHU
KBapIIEBBIX TElIb-CTEKOJI H CTCKJIOKEPaMUK (CHTAIOB), MPEIIIOJIATAFOIIHIA
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WCIIONIb30BAaHUE B KAa4eCTBE HAIOJHHUTENCH B aJKOKCHIHO-(POPMHPYEMBIE 30JH
MOIU(HUIMPOBAHHBIX ~ a’pocwioB. llems HOBOro moaxoga K  CO3JAHHIO
XPOMCOJIEpPKAIUX MaTepHUajioB — MOBBIIICHHE OJHOPOJHOCTH pacIpeaeaeHus
JICTUPYIOIIEH TpHMeCH Mo o00beMy o00pasna, VIy4YlICHHE VIPaBIIEMOCTH
BAJICHTHBIM COCTOSIHHEM HWOHOB XpOMa B CHJIMKAaTHOW MaTpHIe, CO3/IaHHUE
BO3MOXKHOCTH (OPMHpPOBAHHS B CTPYKType YIOPSAIOYEHHBIX II0 pasMepy
KJIACTEPOB WM HAHOYACTHUI] 3aJaHHOTO XUMHIUYECKOTO COCTaBa. B maHHOI paboTe
paccMOTpeHa BO3MOKHOCTh IIPUMEHEHHUS B Ka4eCTBE HAIONHUTENS M MCTOYHHUKA
JETUPYIOINUX HOHOB Xpomcojepikamiero kpemaesema (XK). BeicokoaucnepcHbie
XK cuHTE3MpOBali TMOCICAOBATCIFHON KOHTPOJIHPYEMOW afcopOImell mapoB
OKCOXJIOpHJIa XpOMa M T'eKCaHa Ha MOBEPXHOCTH MUPOTCHHBIX KPEMHE3EMOB —
aspocmwiioB A-300 u A-175. O6pa3yromuiicss TEMHO-KOPUYHEBBIH KOMITJIEKC DTapa
umeet coctaB 3CrO,Cl, C¢H 4. KoMmmurexe mpouno copOHpoBaH Ha MOBEPXHOCTH U
pasnaraeTcs MpH HArpeBaHWHM HAa BO3AyXe ¢ 00pa30BaHUEM OKCHAHBIX TPYIII
TPEXBAJICHTHOTO XpOMa.
Tabmuma. XapakTepUCTHKH XPOMCOIEPIKAIUX KPEMHE3EMOB.

Obpasen Konuenrpanus VY nenbHas mo- Cpennuii pazmep
Xpoma, Bec. % BEPXHOCTb, M>/r kpuctauuToB Cr,03, HM
Crl/A-175 1,3 165 10
Cr2/A-300 0,9 205 11
Cr3/A-300 1,6 202 30
Cr4/A-300 5,1 198 46

pu wuccinenoBanun XK wmeromom PDOA
HaHeceHHas (a3a MASHTUPUIUpOBaHA Kak
HaHOKJIACTEPHI o-Cr,0;. B
nmudpaxkrorpamMmmax HabmonaeTcs
VIIUpEeHUEe IJUHUA (a3el OKcHAa Xpoma

80+

60

2‘40 CBSI3aHHOE C  YMCHBIICHHEM pa3mepa
= 404
z KPHUCTAJUTUTOB. Cpenuuit pasmep
a :

. SO, KPHUCTAJUTUTOB paccUYuTHIBAIIN o

[N
=3
1

YUIUPEHUI0O CaMOW WHTEHCHBHOW JIMHUU
20=33,61 (A=1.54178) ot mnockoctu (104)
o ypasHenuto Ileppepa.

C yBenmM4eHHEM KOHIICHTpPAIMHd XpoMa B

0+ T T i
800 700 600 500 n, N

obpasmax or 0,9 mo 5,1 % pasmep
Xp MOKCHIHBIX HAHOKJIACTEPOB

UK-crexrpor Si0,, Cr,03 1
XPOMCO/IpPIKAIMX KPEMHE3EMOB.

yBenuuuBaercs ¢ 10 go 46 mm. B UK-
CIIEKTpaxX MOAU(DHUIIMPOBAHHBIX KpEeMHE3eMOB (pHC.) HAOIIOZAIOTCS TOJOCHI
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TOTTIOICHHUS TIPH 635 1 575 cM™', KOTOpBIE OTHOCATCS K BAJICHTHBIM KOJICOaHHSIM
cea3u Cr-O.  ocnenoBaTeNbHOCTh ONEpaluii TPH CHHTE3E XPOMCOAEPIKAIINX
MaTepUaJiOB  COCTOSUIAa W3  CICAYIOMHMX JTamoB: Tuaponus TOOC B
TPEXKOMITOHEHTHOHM cucteMe ucXomHbeix coemuHenuit Si(OC,Hs), — H,O — HCI,
B3SATHIX B MOJsIpHOM cooTHomennn 1:16:0,01; moGaBiieHWe a’poCUIIOB;
TIIATENbHOE JWCIICPTHPOBAHHME B  YIBTPAa3BYKOBOW BaHHE;, LEHTPOOESKHAsS
cemapanus JUisl OTACICHHUS KPYIHBIX MPUMECEH W ariioMeparoB; HEHTpaTu3alius
cMmecu 1o pH=5,5+6,5 pactBopom rekcamerminenrerpamuaa (TMTA); muTbe 305151
B IUIACTUKOBBIE KOHTEHHEPHI; Treleo0pa3oBaHMe; CyIIKa TeJsd, CIEKaHWe B
My(ensHOI ey u BbLIepxkKa mpu temmeparype 1140-1200 °C B teuenne 1,5+2
yacoB. Co3peBaHme Trelieidl MPOBOAWIM B JUCTHJUIMPOBAHHON  BOJE.

OCIIEIOBATEIBHOCT ~ OTEpaluii CHHTE3a XPOMCOJACPKAIINX  MaTepHalioB
OCTaBaJIaCh IPAKTHYECKU TaKOM e, Kak W B TPATUIMOHHOM cIocole, 3a
HCKJIFOYCHHEM TOTO, YTO HOHBI XpoMa BBOJAWIHM B cocTaB 308 BMecTe ¢ XK.
TpeOyemast KOHIICHTpALHUS JISTHPYIOMICH MPUMECH TOCTUTATACh IyTEM BBEICHHS
JIOTIOTHATEIFHOTO 00heMa YUCTOTO adpocuia (1Mo MPHHIHUIY «pa3daBieHus»). B
KauyecTBe rejeoOpa3zoBarenss Hcnoib3oBaiu  pactBopel [MTA. Crekanue
BBICYIICHHBIX T'elIell OCYIIECTBILLIN B Pa3IMIHBIX aTMocdepax: Ha BO3IyXe, B
TeU W B BOAOPOJAE. POBEICHBI CIEKTPaJbHBIE HCCICIOBAHMSA MOITYYEHHBIX
xpoMmcoaepkamux ctexkon B YO-, suaumoMm u MK- nuanazonax. YcTaHOBJIEHO,
YTO CoAep KaHUE TUIPOKCUIIBHBIX TPYIII I CTEKOI, 00pabOTaHHEIX B aTMOC(epe
BOJIOpOna, B 1,5 pa3a mpeBHIIIaeT WX COACpIKaHWE A aHAIOTHYHBIX 00Pas3IoB,
CIICUCHHBIX Ha BO3AyXe (OJHAKO B HUX OTCYTCTBYCT SIBIICHHC BCIICHUBAHWS).

OKa3aHO, YTO OJHOPOJHOCTh pACIPEACICHUSA INPUMECH XpoMa M0 00BeMy
00pa3moB B ciiydae MCIOJNB30BaHUS B KadyecTBe HamonHMTeNns XK BeImie, ueMm B
TPagUIIMOHHOM cIoco0e cuHTe3a. PaccMOTpeHa 3aBHCHMOCTH BaJICHTHOTO
COCTOSIHUSI ONTHYECKA AaKTUBHBIX IICHTPOB (MOHOB XpOMa) OT TEMIEPaTyphl
00paboTKN B KOHTPOJIMPYEMOH ra30Boii atmocdepe.
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23 an oy Ku n3yg. un 3

CHHTe3 KpeMHe3eMOB, KOBaNleHTHO MOAU(MLIMPOBAHHbIX
eTUNcynb@OKUCNOTHLIMU rPynnamMmm

Anexcees C.A., 3aiiues B.H.

Kuescxuii nayuonanvuwiii ynugepcumem umenu Tapaca Illesuenxo,
Kues, Yxkpauna

KpemueseMbl, Hecymiue Ha OpEHCTEIOBCKHE KHCIOTHBIE LEHTPBI, MMEIOT PsiX
NPEUMYIIECTB 10 CPaBHEHHIO C JAPYTMMH TBEPIBIMH KHCJIOTaMH. ITO
JOCTYITHOCTh aKTHUBHBIX IEHTPOB IOBEPXHOCTH IJIS PEardpyIOIIUX MOJICKYII,
BBICOKME XHMHYECKas W TepMHYecKas CTaOHIBHOCTb, OTCYTCTBHE AKTHBHBIX
LIEHTPOB JPYrOd MPHUPOIBI, BO3SMOXKHOCTh MOJU(HUIIMPOBAHHS CBOHCTB MaTepraa
Yyepe3  BBEICHUE  JIBIONCOBCKMX  IIGHTPOB,  IPOMOTOPOB,  HM3MCHEHHE
MaKpoaJcOpOLMOHHBIX CBOWCTB MaTeprasia. Ha maHHBII MOMEHT JUIs TOTydeHHs
KPEMHE3eMOB, MOJIU(DUIIMPOBAHHBIX CYNb(OKHCIOTHBIME Tpymmamu  (SiO,-
SO;H), mpuMeHSIOT OKUCIICHHE 3aKPETUICHHBIX HA IIOBEPXHOCTH THOJIBHBIX TPYTIIL.
OTOT  METOA  BKJIIOYAaeT B ceOsf  HCMOJBb30BAaHHE  MaJlOZOCTYITHOTO
THOJIIPOIMITPUMETOKCUCHIIAHA, a CTEIEeHb IPEBPAILCHUS 3aKPEIUICHHBIX TIPYIII
IpH OKHCJICHWM HE OYeHb BHICOKAa. Hamm mpemioxeH ajlbTepHATHBHBIH METOX
cunte3a Si0,-SOszH, ocHOBaHHBIN Ha CIIEAYIONMIEH cXeMe:

SOH
@I OH CISIC,H; \ ( ( ( 1) NaHSO,, init _ H (\(\
[—sa—sa—s..—&ﬁ

OoH S—S—S—S—— 2 HO

A B C
Kax ncxomaple MaTepuansl ObUTH HCCIenoBaHbl BUHUIKpeMHe3eMbl (Si0,-C,H3),
OTIMYAIOIIMECS]  TUIOM  TOKPBHITHS  HAa  TOBEPXHOCTH  (IIETOYHOE W
MOJINCUIIOKCAHOBOE) W TPHUPOJoH HcxomaHod wmatpuisl (cunukaremn KCK u
Lachema). Metogamu TepMoIecopOIM ¢ MacCIIEKTPOMETPUISCKUM KOHTPOJIEM,
UK cnekrpockonuu u SIMP criekTpockonuu BpamieHus MOJ MarudeCKUM YIJIOM
HAWJICHO, YTO 3aKpeIUICHHAs CYIb(OKUCIOTa CYIIECTBYET HA IMMOBEPXHOCTH B
OCHOBHOM B BHze [P-m3omepa (B), TepMmmuecku CTaOMIBHOTO [0 250°C, uro
3HAYUTEIBHO BHIIIC MPEICIOB CTAOMIBHOCTH TOJHMEPHBIX CYIb()OKATHOHHTOB
(120°C). a-m3omep (A) oGpasyercs B HEGOMBIIOM KomudecTBe (10 5% OT obmei
KOHILIEHTpaluK Ccyib(GOrpymn) u pasnaraercs B wmutepBaie 100 — 250°C.
OO0pa3oBaHue MPOAYKTOB OJUTOMEPH3AMA BHHWIBHBIX rpynn (m3omep C)
MPOUCXOJUT TOJBKO JJISI MaTEPUAIOB CO IICTOYHBIM 3aKPCIUICHHBIM CIIOEM YTO
CBSI3aHO C OPHEHTAIIMOHHBIM 3((dekToM (BCe BHHWIBHBIC TPYIITHl HAIPABJICHBI B
OIHy CTOpPOHY, OT TIOBEpPXHOCTH, W B3aMMOJOCTYHHBI IS TIPOXOXKICHHS
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onmuromepmusanun). B nmommcunokcanoBoM cioe rpymnmsl -C,H; pasynopsimoueHst,
JKeCTKas MOJMCHIIOKCAHOBAs MaTPHUIlA HE TIO3BOJISIET M JOCTUTHYTH OJHA IPYTYIO
JUTS IPOXO’KIACHUS OJUTOMEPH3aInH.

MpurotoBneHne HaHo4yacTuy a-Fe Ha KpeMHe3emMe n perynupoBaHue
MX TEPMOCTabUNbHOCTH

Amnronosa E.A., CmuproB B.M.

C- emepbypeckuil cocynugepcumem, xumudeckuti paxyiomem, C- emepdype,
198904, Poccus,

113

B nokmanme o0cykmaloTcs METOABI CHHTE3a CHCTEM TEPMOCTAOMITBHBIN
BBICOKOJUCTIEPCHBIN MeTaul (kene30) - KpemHe3eM . CpaBHUBAIH CIEIYIONTHE
OKCHIHBIE 00BbEKTHI, MmosrydeHnable pu 280C, KoTophie TIoce BocCcTaHOBIeHUS H,
mipu 450C MO3BOJIHITH TIOTYYUTh METAILT HA TIOBEPXHOCTH KpeMHe3eMa:

e 00pa3mpl ¢ HAaHECEHHBIMH Ha KpeMHe3eM (CIIIMKareib, CHIOXPOM,
adPOCHIT) JKETIE30KUCIOPOTHBIMA MOHOCIIOSMU (1, 2 1 4 MOHOCIIOS, TOJIIITMHON 3-
15A), TONy4EeHHBIX METOAOM MOJICKYJSIPHOTO HAacJlaWBaHHUs - cepus 1; 3TH
00pas3Ibl MOICTHPOBAIH IBYMEPHBIC HAHOCTPYKTYPHI

® 00pasIIsl C OKCHIOM JKele3a (MUKPOKPHCTAIUIB, B OCHOBHOM Pa3MepoM
6osiee 200 A) Ha KpeMHeE3eMe, ITOJTyYeHHOM MPOIMUTKOI - cepus 2; 3TH 00pasisl
MOJIETTMPOBAIM MUKPOCTPYKTYPHI.

XemocopOrumonHsie  m3MepeHus (mo  H,) MeTamuimdeckodf  MOBEPXHOCTH
CBHJIETENBCTBYIOT 00 yJIbTPaAMCIEPCHOM COCTOSIHUM JKelle3a B ciydae cepuu 1 u
MO3BOJISIIOT CYHWTATh pa3Mep YacTHI[ IONYyYeHHOTO J>Kemeza ~ 1 HM, dTO
COOTBETCTBYET MPEACIbHOIN TUCIIEPCHOCTH HaHeceHHOTro Metama. OueBHAHO, B
npornecce BocctaHoBIeHHs (450C) MPOUCXOIUT JIUITL HE3HAYUTEIIbHAS arperalfus
HaHECEHHOTO MeTauia, Uit oOpas3moB cepuu 1. OBBIIIIEHUE TEMIIEPaTyphI
BoccTaHoBNeHHs BbIme 450C MpUBOAMIIO K 3aMETHOMY CITEKaHWIO HAHECEHHOTO
JKele3a 1 MOHIKCHHIO YICTHHON MOBEPXHOCTH METAJUIMYECKOTo xkenesa oT 540

0 200  M/rp. pU  HUCCIENOBAaHMU BO3MOXHOCTH  PETyJIHPOBaHUS
(MpenoTBpaleHns) MPOIECCOB KPUCTAUIM3ALUN MeTajyla IpH Ooiee BBHICOKOH
TeMmrepaType OBIO H3y4eHO BIMSHHE HAHECEHHOTO Ha KpEMHE3eM

9JIEMEHTKHUCIOPOIHOTO MOHOCHOS  (HOACIOS)) TPYAHO BOCCTaHABIMBACMOTO
anemenTa (A] W) Ha crabmimzanuio 0o0pa3yloIUXCsl HPH BOCCTAHOBJICHHH
aTOMOB JKeJie3a. Y CTaHOBJICHO, UTO Juisi 00pa3uoB cepuu 1 ¢ moacmosmu g0 800C
XapaKTepHbl MPAKTHYECKH MOCTOSIHEBIE (500 M/Tp,) , BBICOKHE 3HAYCHHS
BEJIMUMHBI MOBEPXHOCTH METAJUTHUECKOTO XKejle3a p.. PeHTreHorpaduueckoe
UCCIIe/IOBAaHUE  OKAa3aJlo, YTO HAa  KpeMHe3eMe B  IPUCYTCTBUH
3JIEMEHTKHUCIIOPOAHBIX MOHOCIOEB Al W B oTiimdaue ot oOpasma 6e3 moaciios He
MOSIBJISIIOTCS  JIMHAM ~ METAJJIMYeCKOro JKelie3a BIUIOTh [0 TeMIeparypbl
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BoccTanoBneHus: 800C. MeccbayspoBckoe H3ydeHHE O0Opa3IoB IOATBEPIUIO
CTabWIM3MpyIolee IeHCTBUE 3JIEMEHTOKCHUIHOTO MOJCIIOs.  OJyYeHHbIC JaHHBIC
TOBOPST O CTa0WIM3UPYIOLIEM ISHCTBHM YKa3aHHBIX OKCHIHBIX MOJICIOEB U O
BO3MOXXHOCTHU 1IEJICHANPABICHHOIO HM3MEHEHHs CTaOMJIBHOCTH HAHECEHHOTO Ha
KpeMHe3eM >kese3a. Pabora BeimosiHeHa mpu noaaepxkke PODU (rpant Ne 02-03-
32748).

Oligomerization of vinyl monomers on the surfaces of oxides as a
new route for obtaining of modified fillers

Brei V.V, Levytska S.I., Chernyavskaya T.V., Dzyubenko L.S.

Institute of Surface Chemistry, National Academy of Sciences
17 General Naumov Str., Kyiv 06164, UKRAINE

Chemical modification of the surface of solid materials now is a well-known
method of obtaining effective adsorbents and fillers for polymeric compounds. As
a rule, for initiation of the polymerisation process of adsorbed vinyl monomers an
introduction of initiators or application of UV-irradiation are needed.
Nevertheless, it is known, that the olefins are capable to oligomerization on a solid
acid surface, in particular that of silica-alumina catalysts. A vapour-phase
oligomerization of vinyl compounds on disperse oxides is a perspective and
ecologically favourable method of obtaining of materials with organophilic
surface. Such a process happens in rather soft conditions: at low temperatures, in
absence of organic solvents and express catalytic agents. Using IR spectroscopy,
thermal gravimetry, and field ionisation mass spectrometry techniques, the
oligomerization of some vinyl monomers (n-butyl-vinyl ether, methyl acrylate, N-vinyl-
pyrrolidinone, styrene and vinylacetonytrile) on the surface of pyrogenic high dispersed
aluminosilica was studied. It was found that monomer molecules containing electron
donor groups (n-butyl-vinyl ether, N-vinyl-pyrrolidinone, styrene) are capable to form
surface oligomer compounds. For methyl acrylate and vinylacetonitrile only
physical adsorption takes place. There were determined by the method of thermal
gravimetry relative activity and optimum temperature of oligomerization of the
monomers studied on a aluminosilica surface. On the surface of aluminosilica the
optimal temperature of oligomerization of N-vinyl-pyrrolidinone was 110-120°C,
styrene — 70- 80°C, and n-butyl-vinyl ether — 20 -30°C. During the oligomerization
of n-butyl-vinyl ether on a surface of aluminosilica at room temperature there was
watched formation of carbenium-ions on the surface. It is testified by reference
colouring of the sample and the electron spectroscopy results. During the
adsorption of n-butyl-vinyl ether on the surface of silica (Degussa- OX-50), that has
no acid sites with pK, < +4.8, no formation of oligomers was observed. It has then
shown that the activity of monomers in the process of cationic oligomerization
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decreases in the order: n-butyl-vinyl ether > styrene > N-vinyl-pyrrolidinone.
Using the method of field mass-spectrometry for the samples obtained, the masses
of ions were registered that respond to oligomers with chain length of 5-6 for N-
vinyl-pyrrolidinone, 8-9 for n-butyl-vinyl ether and up to 14 monomeric units for
styrene. The maximal quantity oligomer phase was found in modified oxide,
formed by our monomers under selected reaction conditions. The oligomerization
of N-vinyl-pyrrolidinone at 110°C for 1 hour was observed up to 14 mmol of
monomer on 1 g of aluminosilica. This responds to 61% (mass) of the organic
phase in modified oxide. For n-butyl-vinyl ether at the reaction temperature of 25°C
this value is 47 % (9 mmol/g), and for styrene at 80°C - 42 % (7 mmol/g). The
polystyrene obtained on the aluminosilica surface, was extracted by chloroform and
then investigated by the exclusion-liquid chromatography. The molecular weight
was equal to 1267 a. u. m., and molecular-mass dispersions were rather narrow
(Mw/Mn=1.128). As is known, the cationic polymerization in liquid phase is
characterized by the increase of molecular weight of polymers with decrease of
temperature of reaction It is caused by decrease of the rate of carbenium-ion
recombination and precipice of chain. The weight of oligomer phase decreases
with reduction of temperature of the process of styrene and n-butyl-vinyl ether
oligomerization on the aluminosilica surface of from 80°C and 25°C to - 10°C
respectively. It testifies the differences between the cationic polymerization in the
liquid phase and that initiated by the Brensted acid sites on the surface of high
dispersed Al-containing silica.

Moaudikauis noBepxHi TepMopo3LmnpeHoro rpadity Hikenem

Orenko B.M., Cunopenko LT

Inemumym ximi noeepxui Hayionanvna axademis nayk, eunepara Haymosa, 17,
03680 Ku ¢ — 164, YKPAIHA

BucoxoaucnepcHi mopomku Hikelto (Hikelb PeHest) mrupoko BUKOPUCTOBYETHCS B
MIPOMHUCIIOBOCTI K KaTalizarop. HaHeceHHs MeTary Ha TpaHyJIu iHEPTHOTO HOCIsI
JIO3BOJISIE OJICPIKATH KaTalizaTop 3 TAaKOIO X a00 HaBiTh BHINOI0 KaTaJiTHYHOIO
AKTHBHICTIO NPU 3HAYHOMY CKOPOYCHHI BHUTpaT. pPH BUKOPUCTaHHI B SKOCTI
HOCISl BYIJICLIEBUX MatepiaiiB, SIKi MalOTh JOCTATHIO €JICKTPOHHY IPOBiIHICTD,
JUIS PIBHOMIPHOTO PO3MOALTY KOJBOPOBOTO METaly MO X MOBEPXHI MOXe OyTH
3aCTOCOBAaHMH METOJ| €JIEeKTPOJIi3y.  pOLEC OCa[KEHHS IPOBOAUTHCS B
eJIEKTpONi3epi 3 00’€eMHMM KaTomoM. Taki eNeKTpoiizepu MOXYTb OyTn
BUKOPHCTAHI 1 JUISI BUJTyYEHHS 10HIB KOJLOPOBUX METAIB 3 IPOMHUCIIOBUX CTOKIB.

OnHUM 3 BHCOKOIPOBIHUX BYTJICIIEBUX MaTepialiB € TEPMOPO3IMUPECHUN
rpadiT, SKUi OKpiM TOTO Ma€ i pO3BUHEHY MTOBEPXHIO. Y NaHiil poOOTi MpUBEICHO
pe3yNbTAaTH JOCHIKCHHS ITOBEPXHI TEPMOPO3IMIUPEHOTO TpadiTy MeTomamu
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UK THO BOJIbTAMIIEPOMETPI Ta  PEHTTeHIBCHKO (hOTOETEKTPOHHO
CIIEKTPOCKOIII a TaKOX 3MiHM Ha Hill NpPHU eNeKTPOOCA/DKEHHI HIKETI0. P
AQHONHIA TONSpU3aIl ENeKTPOAY 3 TEPMOPO3MUPEHOro TpadiTy y BOIHUX
pO3YMHAX, MO0 MICTATH CyNb(aT-iOHH, PEaKIli OKHUCIEHHS a00 iHTEPKATIOBAHHSI
HOro TOBEpXHi HE MPOTIKAIOTH HA BIOMiHY BiJl €JIEKTPOMIB 3 IPHPOJHOTO i
okucieHoro rpadity. lle moB’si3aHO 3 HAsABHICTIO 3HAYHO KUTBKOCTI 3B SI3aHOTO
KUCHIO Ha IIOBEPXHI TEPMOPO3IIUPEHOTO TIpadiTy, IO YITKO PEECTPYETHCS
PCHTTEHIBCBKUME (DOTOEIEKTPOHHUMHU CIIEKTpaMH. EjekTpoocalpkeHHs HiKero
NPUBOAMTH 10 3MEHIICHHS IIiKIB BYIJIELMIO Ta KHUCHIO HAa PEHTT€HIBCHKOMY
(hOTOECIEKTPOHHOMY CIIEKTpi 1 HOSBH IiKy 2p-€JEeKTPOHIB HIKeNo. Y BY3BKiH
obylacTi  €Heprii  CHeKTp TOKa3ye HasABHICTh HIKEJIO Ha  IOBEpXHi
TEepMOpPO3MIUPEHOTro Trpadity B YOTHpHOX eHepreTmyHux craHax: Nj N{ OH),,
NiO i Ni,O;. 3acrocyBanHs 00 €MHOTO €IEKTPOMYy 3 JHUCIIEPCHOTO
TEPMOPO3MHUPEHOT0 TpadiTy JJO3BOJMIO HaM PO3POOUTH  EIEKTPOXiMIdHI
peaKTopH, sKi JAO03BOJSAIOTH €(PEKTUBHO BHIIYYaTH KOJBOPOBI METAU 3 BOJHUX
PO3YMHIB X COJIEH 1O 3aJUIIKOBHX KOHIEHTpariii menme 0,1 mMr/m, T00TO 10
s3nadeHs ['JIK.

nusiHMe cocTaBa peakLMOHHOM CMeCu 1 Npupoabl NaB Ha
oGpa3oBaHue opraHo(PyHKLUNOHANN30BaHHbIX Me30MNOPUCTLIX
Me30CTPYKTYPHbIX KpeMHe3eMoB

I'epna B.U. *, Ko6sumuackas H.I'. **, Cmenas 3.B. *, Wneun B.I. *
* Uuemumym guzuvecrou xumuu um. JI.B.  ucapoicesckoco HAH Yrpaunui,
2. Kues, Yxpauna, vgerda@nilena.ukrtel net
** Kuesckuil HayuonanvHwil ynusepcumem um. Tapaca Llesuenko
2. Kues, Yxpauna

CpPHUONYECKAE ME30MOPUCThIC opraHokpeMHe3embl ( MO) mpeacraB-nsioT
HOBOE ITOKOJICHHE (PYHKIHMOHAIBHBIX MaTepHAIOB W IEPCIEKTUBHBI B KaTalu3e,
copbumm m xpomarorpaduu, ONTHKE, a TaKXKe B CO3JAaHWH HAa WX OCHOBE
aKTHBHBIX JJIEMEHTOB CEHCOPOB M CHUCTEM THIIA “XO3SIMH-TOCTH . PasHooOpasue
obnacteid Bo3MoOkHOro mpuMeHeHHUss MO 00yCIIOBIEHO OCOOSHHOCTSIMH WX
CTPOEHUS M CBOKCTB, MPEXK/E BCETO, BHICOKOW YJIENBHON MOBEPXHOCTHIO 0 1500
M’/T, @ TaKKe BO3MOKHOCTHIO PEry/HPOBAHMS PasMepa ME3OTOp H COIePKAHUS
(hYHKIIMOHATBHEIX TpymI. B Hacrosiiee Bpems pa3paboTaHBl JBa OCHOBHBIX
moaXona JJii CHHTE3a  OpPraHO(PYHKIMOHAIM3UPOBAHHBIX  ME30TOPHCTHIX
ME30CTPYKTYpPHBIX Matepua-ioB (MMM), oCHOBaHHBIC Ha 30JIb-TENIb METOJC
¢dbyaknmonamm3anuu camux MMM, uMmeronue onpeiecHHbIC TPESUMYIIEeCTBA U
Heno TaTku. OpHAako, HECMOTpPss Ha Bce Bo3pacTaromuii uHrepec kMO,
CUCTEMATHYCCKUE HCCIICAOBAHUS, CBA3aHHBIC C WX CHHTE30M, JIO CHX IOp HE
MIPOBOIIIINCE. B CBSI3M € 3THM, HAMHU MpEINpUHATA TOMBITKA ITOMCKa Hambojee
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ONTHUMAIIBHBIX YCJIOBHUH cuHTEe32 MO C BBICOKOW CTEMEHBIO YIIOPSIIOYCHHOCTH
MPOCTPAHCTBEHHON CTPYKTYpPHl M COJEpKAIUX Ha BHYTPEHHEH IOBEPXHOCTH
ME30I0p aJKWIaMHHHBIE (QyHKIMOHANbHBIE Tpymmbl -(CH,);X ( X =-NH,, -
NH(CH,),NH,), koTopple Kak KaTanm3aTopsl B peaknusx KHeBeHarems u
Muxasns CymeCTBEHHO IIPEBOCXOMAT INMHPOKO HCIONB3YeMbIe XUMHYECKH
MOTU(DHUIIMPOBAHHBIC Y-aMHHOIPOIIIKPEMHE3EMBI. 32 OCHOBY OBLI B3AT METOJ
30Jb-T€JIb CHHTE3a B MNpPHUCYTCTBHH  AB, mo3Boisiomuii A0CTaTOYHO THOKO
VOpPaBIISATh COCTABOM MW PEXHMOM 00paboTku peakmuonHoit cmecu (PC).
poBeaena cepusi cuHte3oB ¢ pasnuuHbiMH  AB (ROH, RNH,, RPy+Br',
RN'(CH;);Br, RN'(C,Hs);Br, rme R = -C;¢Hj;), KpeMHMiOpraHMYeCKHMH
COCJIMHCHUSIMH U BapbUPOBAHHU COOTHOIICHHS pearcHToB B PC, TeMmepaTypel,
pH, BpemeHH mpoBeneHMs CHHTE3a M TuApoTepManbHON oOpabotku (I'TO).
Haiinens! onTumanbHbie yciaoBusi cuHTe3a U coctaB PC, B Moisx: (0.12-
0.2) AB:0.5NaOH : (0.8-1.0)TEOS : (0-0.2)(RO);Si(CH,);X : 130H,O (rme R=
-CHj;, -C,H5), mpu KOTOPBIX MOXHO IMOJy4aTh Haubosee ymopsmodeHHsie MO
tima MCM-41, a HaWwIy4mmMm AB B D3TOM OTHOIICHUH ABJISIETCS
C16H33N"(CH;);Br’. Ha ocHOBaHWMH JaHHEIX PPA MONTYUEHHBIX 00pa3LoB B PSIY
ucnonms3yemeix  AB: RN'(CH;3);Br < RPy'Br < RN'(C,Hs);Br < RNH,,
OTMEYaeTCsl CMeIIeHne peduiekca, XapakTepusymoomero dig, B MaJOyTJIOBYIO
o0JiacTh, 00YCIIOBJICHHOE YBEIIMYCHUEM ITapaMeTpa 3JIeMEHTapHO! sueiiku ¢ 43.1
g0 60.9 A. B nganHoM pany AB cTemeHp coBeplIeHCTBA IMPOCTPAHCTBEHHOMN
CTPYKTYPBl CHH)KACTCS, YTO TIPOSIBISCTCS B YMCHBIICHUH WHTCHCUBHOCTH,
VIIUPEHUU U CJIa00 BBIPAXKCHHOW TOHKOHN CTPYKTYpEe MAJIOYTIIOBBIX PedICKCOB.
pexae Bcero, 3To OOYCIOBICHO OCOOCHHOCTSIMH CTPOCHHS M pa3MepoM
aMUHHOW Tpynmnbl  AB, omnpeAensromux BEIUYUHY U IUIOTHOCTH A((EKTUBHBIX
3apsAA0B HAa MOBEPXHOCTH MHIEIJI, BOKPYT KOTOPBIX MPOUCXOIUT (HOPMHUPOBAHNE
KpeMHe3eMHOro kapkaca MO. pH 3TOM CTENEeHb YINOPSAIOYEHHOCTH CTPOCHHS
MMM 3aBUCUT Kak OT CWJIbl B3aUMOJCHCTBUSA KPEMHE3EMHBIX YaCTHIl C
MUIEIUIPHBIME CTPYKTYpPaMH, TaK M OT B3aHMMOCOTJIACOBAHHOTO OOpa30BaHHSA
ONITHUMAIILHOW KOH(UTYpalluu OpraHo-HeopraHudeckoid me3odasel. C pocTom
COJZIEPKAHUS ATKIIAMUHHBIX (DYHKIIMOHAIBHBIX TPYII HAOIIOAAETCS yBEINUCHIE
dyoo 1 cHIKeH#E cTenieHn yrnopsaoueHHoctd  MO. I'TO o6pas3ioB criocoOcTByeT
B psAle cCiydaeB 3aMeTHOMY yBennueHuro djpo Ha 5-11 A u ymy4maer ux
IPOCTPAHCTBEHHYIO CTPYKTYypy. BmecTe ¢ Tem, B HekoTopbix ciydasx ['TO He
OKa3bIBACT CYIICCTBCHHOTO BIUSHHS HA COBCPIICHCTBOBAHHE IPOCTPAHCTBCHHOM
CTPYKTYPBI H MOXET MPHUBOJIUTH K €€ paspymicHuto. TakuM 00pa3oM, B pe3yibpTaTe
MPOBEJICHHBIX ~ WCCIEAOBAaHUNA  OCOOCHHOC-TEH  CHHTE3a MO  HalineHb!
ONTUMAJIFHBIC YCIIOBHUS cHHTe3a U cocTaB PC, 03BOIISAIONTIE OTHOCHTENBHO JIETKO
PEeryIupoBaTh COCTaB, CTPOSHHE M CTPYKTYPHO-COPOLMOHHBIC XapaKTEPHCTHKU
MMM (YHKIIHOHATN3UPOBAHHBIX AITKUJIAMUHHBIMA rpyninaMmu u
IeJIeHANPaBIeHHO Toxy4aTs MO ¢ BEICOKOH CTETIEHBIO yIIOPSAAOYEHHOCTH.
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eaKuMs rmapocuUnMnNMpPoBaHus B cucteme
rMapuaKpeMHe3eM-2-ruapPoKCUITUNIMeTakpunar

Bomroyx HO.H., SAaummonsckuit B.B., Tepteix B.A.

Hncmumym xumuu nosepxnocmu HAH Ykpaunol,
03680, Kues-164, yn. enepanra Haymoea 17, Ykpauna

NvMmoOunm3aiuss Ha KpPEeMHE3eMax IPOU3BOJHBIX METAKPUIIOBOW  KHCIIOTHI
MO3BOJISIET TMPHUAATh ITOBEPXHOCTH Kak TUAPO(OOHBIE CBOMCTBA, TaK M BBECTH B
MOAU(DHUIMPYIOMKUN CJIOW aKTHBHBIE TOJSpPHBIE Tpynmbl. B manHONW pabote
W3ydeHBl OCOOCHHOCTH  B3aUMOICWUCTBUS  2-THAPOKCHAITWIMETaKpwuiaTta C
KPEeMHUNUTUAPUAHBIMA TPYNIIAaMH, IPUBUTBIMH K MOBEPXHOCTH KpeMHe3eMa
(TBepmodazHoe  THUAPOCWIMIMpPOBaHHUE). Peakmuio ¢ THIPHIKPEMHE3EMOM
(MoguduImpoBaHue a’pocuia ¢ yAeIbHOH moBepXHOCTHIO 300 M/r pacTBOpamu
TPUAITOKCHCHIIAHOM B 3TaHOJIE C IOCIEIYIOUIMM YAAJICHHEM pacTBOPHUTENS Ha
BOIsIHOW OaHe; coaepxanuwe npuBHTHIX =SiH rpymm coctaBmino 0,50 MMOJIB/T)
HPOBOMJIN B OTKPBITHIX MPOOUpKax B TeueHue 3 wacoB npu 15-60°C B u30bITKE
2-TUIPOKCHUATHIIMETAKpHUIIaTa C HCIOJNb30BaHUEeM Kartaim3aropa Creifepa. o
3aBEPIICHUIO PEAKIIH CMECh OXJIaXIaJTH, TIPOMBIBAIIU 3TAHOJIOM, a 3aTEM CYIITHIIN
24 4vaca Ha BO3IyXe. 2-THIPOKCUITWIMETAKPHUIAT CIa00 PAaCTBOPHM B STAHOJIC,
MO3TOMY MOAW(HUITMPOBAHHBIA KPEMHE3EM MOXKET COAEP)KaTh KaK XUMHUYCCKH
3aKpeIUIeHHBIe, TaK M aacopOMpOBaHHBIE MOJEKYIbl MoHoMepa. KoHTpons 3a
NMPOTEKAHWEM  PEAaKIWH  OCYIISCTBISLIM C  TOMOINBI0  HOJOMETPHUH H
OpoMHI-OpOMATHEIM METOAOM [0 M IIOCIe B3aMMOACHCTBHS KpEMHE3eMa C
MoHOMepoM. O0a MeTo/1a OCHOBaHBI Ha B3aMMOICHCTBHUHM MOHOB HOa WK Opoma
¢ =SiH ¥ BHHWIBHBIMH TpyOIIaMH C MOCICIYIOIUM THTPOBAHUECM
HETIpOpearupoBaBIIeTO TajoreHa THOCyIbdparoM. Kak cremyer w3 HOIydeHHBIX
JMAHHBIX, WOHBI OpOMa pEarupyrT KaKk C KPEMHUWTHIPUIHBIMH, TaK H C
BUHUIILHBIMU TPYIIAMH, 3 HOHBI MOJa B3aUMOJCHCTBYIOT TOJEKO C TPYIIIaMHU
=SiH. DTo MO3BOJSET C HCMOJIH30BAaHHUEM HOJOMETPHUH IIPOBECTH OIpeaeiicHUE
HenmpopearupoBaBmux =SiH Tpynm B TpHCYTCTBHH  aacoOpOMpPOBAHHOTO
MOHOMepa. YcraHoBIeHoO, 4TO KaTaJIUTHYECKOE NpUCOETMHEHHE
2-TUAPOKCUATIIMETAKPHIIATa TI0 KPEMHUUTHUIPUAHBIM TPYIIIAM, 3aKPEIUICHHBIM
Ha TIOBEPXHOCTHM KpEMHE3eMa, NPOTeKaeT IpH YMEPEHHBIX TEMIEepaTypax.
OKa3aHo, 4To OKOJI0O 90% KpEeMHUHTHAPHUIHBIX TPYII BCTYHAIOT B PEAKIUIO
(koHUEHTpanys HenpopearupopaBmux =SiH rpynm #e npesbimaet 0,05 MMOIIB/T).
Ha moBepxHOCTH MOAMGUIMPOBAHHOTO KpPEMHE3EMa CONECPKUTCS  TakKxkKe
3HAYUTEIBHOE KOJMYECTBO copOupoBanHoro moHomepa (mo 0,40 MMoOIB/T).
ONy4eHHBIC JAaHHBIE ITOATBEPKAAIOT BO3MOXHOCTH IPOTEKAHHS PEAKIHUN
TBep10(a3HOTO THAPOCHIIMINPOBAHUS 2-THAPOKCHITHIMETaKPHUIIATA.
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UccnepoBaHue BzanmogeucTBusa nonu(1-BuHusR-nupponnpoHa) ¢
NOBEPXHOCTbIO BbICOKOAUCNEPCHOIoO KpeMHe3emMa

bensikosa JI.A. , BapBapun A.M. , JIsmenxo /I.1O. , Pouk H.B.
Hncmumym xumuu nosepxnocmu HAH Ykpaunwl, Kues, Ykpauna

MomupunupoBaHue MOBEPXHOCTH BBHICOKOANCIIEPCHBIX aMOP(HBIX KPEMHE3EMOB
OpPTaHMYECKUMH COCTUHEHUSMH IINPOKO HCIIONB3YETCS UIS CO3JAHHUS HOBBIX
MatepuanoB. OIHAM W3 TIEPCIEKTUBHBIX HAIPaBICHWH HCCIEIOBAaHUN B ITOM
oOmacTé SBISETCS W3yYEHHE BO3MOXKHOCTH TMONYYCHHS (YHKIIMOHAIBHBIX
KpEMHE3EeMOB, 00JIAJAI0IINX COPOIMOHHON M30MPATEIHPHOCTHIO TI0 OTHOIICHHIO K
MOHAM ¥ MOJIEKyJlaM B OHOJIOTHUECKHX MXHIKOCTAX, a Takke I COpOIuu
OMOJIOTHYECKH AaKTHBHBIX M JIGKAPCTBEHHBIX coeawHeHWH. Hamm wn3ydeno
B3aUMOJICHCTBUE IIOJIMMEpPAa MEAMIIMHCKOTO HasHayeHus — 1onu(l-BuHmMI-2-
nmuppoimugoHa) ( B, M.m. 10000 ¢upmsr “Fluka ) ¢ BbIcokoamcniepcHBIM
KpeMHe3eMoM (S, =300 M*/r) ¢ momompio MK CHEKTPOCKOIMH, TOJHOTO
TEPMHYECKOTO aHajW3a C MPOrpaMMHUpPYEeMBIM HAarpeBOM, a TaKke aj-
JIecOpOLMOHHBIX U3MepeHuil. B pesynpraTe wmccienoBaHus — ancopOunu-
Jecopoumn B M3 BOAHBIX pPacTBOpPOB Ha IIOBEPXHOCTH KpEeMHE3eMa
YCTaHOBJIEHA KOHIIEHTPAalMOHHAsI oO0JacTh HeoOpaTmMoi ancopbumu B

HeoOpatumast agcopbmmmss B coctaBnser He Gornee 26 % eMKOCTH MOHOCIOS
«IJTOCKOCOPOMPOBAHHBIX» MOJEKyJd. OOmacTh IMIaTo Ha WU30TEpME aICOPOIH
B He oTBewaeT MOHOCIOWHOMY TIOKPBHITHIO MTOBEPXHOCTH KpeMHe3ema Tomu(1-
BUHWJI-2-TIMPPOIUAOHOM). pH ajcopoumu B W3 pacTBOpOB C BBICOKOI
KOHIeHTparmed  gonst  nonu(1-BHHHI-2-TMPPONMIIOHA),  CBSI3aHHOTO  C
MOBEPXHOCTBIO ~ JMOKCHAA KPEMHHMS, yMEHbIIaeTcs M3-3a  00pa3oBaHus
OTHOCHTEJIFHO IUIOTHOTO CJOSI TETENb IOJMMepa C JUIMHHBIMH «XBOCTaMM»,
BBICTYIAIOIIMMH B pacTBOp. VcXons W3 SKCIEpUMEHTAJIbHBIX PE3YJIbTaTOB II0
Jecopoun B ¢ moBepXHOCTH KpeMHE3eMa, MOKHO CIelaTh BHIBOJ O MEHee
NPOYHOM YIEp)KMBAaHMM TaKOTO IIOJMMEpa Ha IIOBEPXHOCTH KpeMHe3eMa
(m30TepMBI  afcopOIMu W JecopOIH MPaKTHYECKH COBMAAAOT). B obmactu
CpeoHMX KOHIEHTpamwii B mecopOumoHHass KpuBas HE COBHAmaeT C
aJCOpOIIMOHHON BETBBIO HM30TEPMBI, YTO CBHICTEIBCTBYET O Ooyiee MPOYHOM
ymepxuBannn B Ha moBepxHocTH. M, HakoHem, B 0O0NAacTH HHU3KHX
KOHIEHTparmii B gecopOmmsa ¢ MOBEpXHOCTH KpeMHe3eMa He HalbIomaercs,
YTO SIBIIIETCS AOKA3aTEIbCTBOM HeoOpaTuMoro xapakrepa aacopommn B . Jlms
OousipinX KoHIEHTpanuii B Ha moBepxHocTH KpeMmHesema (100 mr/r u 6ombiie)
¢ momompio UMK chekrpockonum ObIIO  ycTaHOBIEHO, 4To B serko
JiecopOupyeTcst ¢ IOBEPXHOCTH BIUIOTH IO OCTATOYHOW KOHLEHTpPAIMH, PaBHOH
60 Mr/r KpemHe3eMa, HE3aBHCHUMO OT HAyalbHOTO COJEp)KaHWs €ero Ha
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MOBEPXHOCTH KpeMHe3eMa (WM B CHCTeME KpeMHe3eM- B ¢ comepskaHuem
B , GompimiM, 4eM MOKET afcopOUpoBaThCs Ha TIOBEPXHOCTH KpeMHe3ema). B
WK crnekTpax KpeMHE3eMOB C aJIcOpOMpOBaHHBIM B  MPUCYTCTBYIOT MOJIOCHI
MOTJIONICHSI, TpUHAAIeKamue momumepy (2990, 2955, 2930, 2895, 1670, 1490,
1460, 1410, 1385 u 1300 CM'I), a TakKe MIMPOKas TOJ0ca IMOTJIOMEHUS OKOJIO
3300 cM” ¥ crabasi m0TOCA MOTVIOMICHHS H30IMPOBAHHBIX CHIIAHONBHBIX TPYIII
3750 cm™. C  yMeHblueHHeMm cojepkanums B B MOJU(UIIMPOBAHHBIX
KpeMHe3eMax MOJIOChl MOMIONIeHUs, TpuHaaiexamue B , u momoca 3750 em’
W30JIUP BAHHBIX CHJIAHONBHBIX TPYII TPOSBIAIOTCS Oojice OTYETIHBO. B
pesynmpTate ancopOmuu B Ha TMOBEPXHOCTHM KpeMHE3eMa HaOogacTcs
CMCIIICHHE BCEX XapaKTCPUCTUYCCKHUX IIOJIOC MOTJIOIICHUS, MPUHAIICKAIINX
B , B HU3KOYACTOTHYIO 061acTh Ha 10-40 cM'. OcoGEHHO 3aMETHO CMEIIAKTCS
TOJIOCHI TTOTJIOMIEHUS JTaKTaMHOT0 KoJibiia (1490 u 1460 em’' BMecTo 1530 1 1500
cv' B monmMepe) u kap6ormbHOM rpymmst (1670 Bvecto 1710 em™). CMermenne
XapaKTepUCTHYECKUX TIOJNIOC TOTJIOMIEHMS B B HH3KOYACTOTHYIO 00JacTsb,
YyBCTBHTEIBHOCTh ~ WHTCHCHBHOCTH  TOJNOCH  mormomenns 3750 cM” K
CONEepXaHMWI0O B Ha MOBepXHOCTH KpeMHe3eMa W HaJHIhe MIMPOKOH ITOJIOCHI
normomenns okoo 3300 M, mprHAUIeKaIIeil BOSMYIICHHBIM THIPOKCHIIBHBIM
TpyInaM KpeMHe3eMa, MOXKET OBITh JJOKAa3aTeIbCTBOM 00pa30BaHUs BOJOPOIHBIX
CBsI3eH MEXKIy CHJIAHOJEHBIMU TPYIIIaMHU MOBEPXHOCTH KPEMHE3eMa U aTOMaMH
azora w/mim kucnopona —N-C=O rpymnn npu agcopounu B Ha moBepxHOCTH
BBICOKOJIUCTICPCHOTO KpeMHe3eMa. M3yueHa TepMOACCTPYKIUS B BaKyyMe M Ha
BO3AyXE KPEMHE3eMOB, MOIM(DHUIMPOBAHHBIX MOJH(1-BHHWI-2-MTHPPOIAIOHOM).
WHTeHCUBHAS TEePMOIECTPYKIUS TOH(1-BUHWI-2-IUPPOTHIOHA) Ha BO3IYyXE
COTIPOBOXKIAETCS YETHIPhMS 3k303¢dekramu Ha KpuBoi ITA mpu 170, 340, 400 u
500 °C. Ha xkpuseix TI' u JTIL stuM TepModp(PEKTaM COOTBETCTBYET IOTEPS
Macchl ToJiuMepa. TakuMm o00pa3oM, TepMoAecTpyKmus B mpoTekaeT B
HECKOJIbKO CTaJIMid, YTO XapakKTEPHO IJS MOJEKYJ C OOJIBIION MOJICKYISPHOM
MAaccoi, coiepKalluX B CBOCH CTPYKType (YHKIMOHAIBHBIC 3BCHBS PA3IIMIHOTO
XUMHYECKOTO  COCTaBa. | epMOACCTPYKIIHS B , ancopOupoBaHHOrO Ha
MOBEPXHOCTH KPEMHE3eMa MPOUCXOJUT B TPU CTaIdUd B TEMIIEPATYPHOM
untepBaie 250-600 °C. pu comepxanusx B , cOOTBETCTBYIOIIUX 00IacTH
HEOOpaTHMOM afcopOIMH, TeMIepaTyphl SK303(P(PEKTOB MMEIOT MaKCHMAaTbHOE
3HaYCHHWE. pU YBEIWUYCHUH cojepkaHus B Temmeparypa 3k303¢ddekror
CHIDKACTCS, NPUOMIDKAsACh K 3HAYCHHWAM U1 ToiuMepa. Takum o0Opasom,
uMMoOmm3anus B Ha MOBEPXHOCTH KpeMHe3eMa MPUBOIUT K YBEIHUCHHIO
€ro  TEPMOCTOMKOCTM  Onarojaps  aJcOpOIIMOHHOMY  B3aWMOJCHCTBHIO
(hyHKIMOHATBHBIX TPYII ITOJIMMEPa M MMOBEPXHOCTH KpeMHe3eMa.
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Characteristics of Silicas Modified by Organosilicon Compounds

Gun’ko V.M., ! Sheeran D.J. 2, Augustine S.M. ® BlitzJ.P.,?
Zarko V.L, ! Leboda R., # Janusz W.,* and Chibowski S. *

!Institute of Surface Chemistry, 17 General Naumov Street, 03164 Kiev, Ukraine;
’Eastern lllinois University, Department of Chemistry, Charleston IL, 61920, USA;
SMillenium Petrochemicals, 6752 Baymeadow Drive, Glen Burnie, MD,21060 USA; and
“Maria Curie-Sklodowska University, 20031 Lublin, Poland

Unmodified and modified silicas are widely used as fillers, additives, thickeners,
adsorbents, supports, etc. Their chemical modification by organosilicon
compounds (OSC) is commonly employed for a wide variety of applications in
different media. Performing these reactions is a well-established method to alter
many characteristics such as surface free energy, surface topography and
morphology of particles, surface charge density, particle size distribution,
hydrophylic and lyophilic properties, and interaction with surroundings as a
whole. In this way the surface properties of unmodified and modified materials
can be strongly altered depending on the polarity, polarizability, length, ability to
dissociate, and other functional group characteristics. Silica gels Davisil 633 and
643, and fumed silica Cab-O-Sil HS-5 with grafted 3-aminopropyl dimethylsilyl,
butyl dimethylsilyl, octadecyl dimethylsilyl, and trimethylsilyl (TMS) groups of
different concentrations were studied using the nitrogen adsorption method, and
the properties of modified Cab-O-Sil were explored in aqueous suspensions. The
Investigations of the textural and energetic characteristics of silica gels and fumed
silica modified by different OSC having a group with various length and distinct
chemical structure show their marked dependences not only on the morphology of
the initial silicas but also on the characteristics and concentration of grafted
modifiers. All the deposited OSC reduce the specific surface area of all the silicas,
the pore volume of silica gels, and the adsorption energy differently. Minimal
changes are observed for silica/TMS possessing the smallest size among the
studied OSC and, perhaps, remaining free “windows in the modifier layer to the
silica surfaces with Si-O-Si bonds accessible for nitrogen molecules, since the
TMS groups do not “lie on the silica surface. For other modifiers, such windows
are practically absent, especially in the case of relatively long octadecyl
dimethylsilyl groups, which can “lie on the surface, that results in decrease in the
high-energy peak of the adsorption energy corresponding to direct interaction of
nitrogen molecules with the silica surfaces. The mesoporous character of all the
studied samples does not change dramatically upon surface modification. The low
contribution of micropores for the pristine silicas becomes smaller for modified
samples due to blocking by “lying long groups, except for short TMS. Surface
functionalities at different concentrations on Cab-O-Sil HS-5 cause significant
changes in such characteristics of aqueous suspensions of modified silicas such as
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the particle size distributions, surface charge density, electrokinetic mobility, and
€ potential. Secondary particles of unmodified and modified silicas in aqueous
suspension are typically characterized by bimodal size distributions between 20-
300 nm (aggregates) and 1-3 um (agglomerates of aggregates). The application of
theories taking into consideration the porosity of aggregates of primary particles
of unmodified and modified fumed silicas, gives relative diminution of the
modulus of the £ potential and mobility dependent on pH. The difference between
parameter values computed according to the Smoluchowski theory and improved
approaches increases with increasing pH and is concordant for mobility and {
potential. Results obtained are in agreement with the tendency that changes in the
surface charge density decreases due to surface modification by both hydrophobic
and amino groups.

CuHTe3 n cBoMcTBa (*)YHKLIMOHaﬂbeIX OpraHoKpemMmHe3emMoB

Bbensixosa JI.A., BapBapun A.M., JIamenko /1. 1O.
Hucmumym xumuu nosepxnocmu HAH Yrpaunwv, Kues, Yxkpauna

HanpaBienHoe m3MeHeHHE CBOWCTB IUCIIEPCHBIX KPEMHE3eMOB KaK pe3yibTaT
XAMHYECKOTO MOAU(UIIMPOBAHNS WX MOBEPXHOCTH IIHPOKO HCIONB3YETCS IS
penieHus pa3Ho00pa3HBIX HAYYHBIX U MPAKTHYCCKUX 3a1a4. Cpeid HUX, B IEPBYIO
odepenb, CcIeQyeT OTMETHTh CHHTE3 OCTPO CIEHU(HUIECKUX aJcOpOCHTOB,
CEJIEKTUBHBIX  KaTalM3aTOpPOB, HAIOJHUTENEH  IOJUMEPOB, 3arycTUTelneit
JIUCIIEPCUOHHBIX Cpell, MOJIy4YeHHE HOBBIX KOMIIO3MLIMOHHBIX MaTepuajioB. B
HACTOAIIEE BpeMsi HHTEHCUBHO PAa3BUBACTCS OJHO U3 NEPCIEKTUBHBIX
HAIPaBJICHUIN KCIOJIh30BAHUS MOTU(PHUIMPOBAHHBEIX KPEMHE3EMOB B KA4eCTBE
HOCHTENICH OWONOTHYEeCKH AaKTHBHBIX COEIWHCHHH, ancopOeHTOB  psija
KOMIIOHCHTOB OHOJIOTHYECKUX JKHAKOCTEH, a TakkKe [UId KalCyJIHpOBaHUA
OPraHMYECKHX COCOWHEHHH W  CO3JaHHWA  JIGKAPCTBEHHBIX  IIPErapaToB
MIPOJIOHTUPOBAHHOTO JieiicTBusA. Hamm mpemnoskeHsl HOBBIE CHHTETHYECKHE
MIOJXO/IBI K MOJTYYSHHIO PA3HOOOPA3HBIX (PYHKIMOHAIBHBIX OPTaHOKPEMHE3EMOB:
e  HemocpeacTBeHHOe oOpa3oBaHMe cBsa3H Si-C Ha IMOBEPXHOCTH KpEeMHE3eMa C
MOMOIIBIO peakuuii TBepIo(a3zHOro TUIIPOCHITMIIAPOBAHUS,
BBICOKOTEMIIEPATYPHOH  KOHACHCALIMKU W  BOCCTAaHOBJIGHHUS, a TaKke
MPUCOEANHEHHUS [10 CUJIOKCAHOBBIM CBSI3SIM;
®  VBCIMYCHUC NOBEPXHOCTHON KOHICHTPAIMM (PYHKIMOHAIBHBIX TPYII 32
CYET BBEACHUS B XUMHUYECKHE PEAKIMHU HE TOJbKO CHIIAHOJIBHBIX, HO U
CHJIOKCAHOBBIX TPYTIT KPEMHE3eMa;
e TPHMEHEHHE HOBBIX MATKHX CIIMIMPYIOIINX PeareHToB I 3(pQeKTHBHOTO
SH/IKETIITMHTA (PYHKINOHAIBHBIX OPTaHOKPEMHE3EMOB.
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OKCIIepUMEHTaJbHO  JIOKa3aHa  BO3MOXKHOCTh  OCYIIECTBICHUS  PEaKINH
THIPOCIIIMIINPOBAHIS C yJacTHeM MOAUMDUIIMPOBAHHOTO KpeMHe3eMa, HECYIIETO
KPEeMHUNUTUIAPUIHBIE FUIA OJE(MHOBBIE TPYMIbLI, W IOAXOIIIIETO pEareHra,
KOTOPBI HaXOIUTCS B JKUIKOW WU mMapoBoi (haze. YCTaHOBIEHO oOpa3oBaHHE
TEPMHUYECKH M THIPOIUTHYECKHA CTOMKUX CBsizeid Si-C Mexay MOBEPXHOCTHIO
KpeMHe3eMa M MOIU(HUKATOpOM KaK pe3ylbTaT peaknmuid TBepaoda3Horo
THIPOCHIIMIIMPOBAHMS.  PEIUIOKEHA CXeMa MEXaHHM3Ma PEakIu TBEpIoda3HOro
KaTaJIMTHYECKOTO THUAPOCWIMINPOBAHUS, KOTOpas BKJIIOYacT 0Opa3oBaHUC
MPOMEKYTOYHOTO KOMILJICKCA, COCTOSIIETO U3 00OMX PEarcHTOB U KaTalu3aTopa.
Jloka3aHa BO3MOKHOCTh OCYILIECTBIICHHS Ha IMOBCPXHOCTH THIPHIKPEMHE3EMa
TBepIoda3HBIX peaximii BBICOKOTEMIIEPATYPHOI KOHJICHCAINU u
BOCCTAHOBJICHUS, a TaKKe XHMHUYCCKOTO B3aUMOACUCTBHUS 1-01eHHOB C
KPEeMHE3eMOM B JKECTKHX YCIOBHSX (BBICOKOE [aBICHHE WM  TeMIIeparypa,
KaTajgu3aTop W TeMIleparypa) ¢ oO0pa30BaHHEM IOBEPXHOCTHBIX cBs3zer Si-C.
YCTaHOBIEHO CXOJCTBO MPOIECCOB HHIAKEIIHHIA OCTATOYHBIX CHJIAHOIBHBIX
TPy (yHKIIMOHAIBHBIX OpraHOKPEMHE3EMOB " XeMocopOIu
TPUMETIIXJIOPCHIIAHA Ha JETHAPATHPOBAHHOM TIPH BBICOKMX TeMIepaTypax
KpeMHe3eMe.  OKCIepUMEHTAIbHO  JOKAa3aHO  CHIDKCHHE  PEAaKIMOHHOU
CHOCOOHOCTH CHJIAHOJIEHBIX TPYIII C TOBBIIICHHEM KOHIICHTPAINH 3aKPEIUICHHBIX
(hYHKIIMOHATBHBIX TPYMI (MM YBEIUYCHHUEM CTCHICHU ACTHIPOKCUINPOBAHUS
JUOKCHAA KPEMHHsI), KOTOPOC BBI3BIBACT HEBOCIPOU3BOJAMMOCTH XHUMHYCCKOTO
cocTaBa MOBEPXHOCTH W CBOMCTB MOAM(DHUIMPOBAHHBIX KpEeMHE3eMOB. I3ydeHo
XUMHYECKOE  B3aMMOJCHCTBHE psda TPUMCTHI3AMCIICHHBIX CHJIAHOB C
MOBEPXHOCTBIO NIETUAPATHPOBAHHOTO MHUPOTCHHOTO KpPEeMHE3eMa. OKa3aHo, UToO
(CH3)3SiBI’, (CH3)3SII, (CH3)3SICN n [(CH3)3SI]2SO4 BSaHMOHeﬁCTByIOT
KOJIMYECTBEHHO C CHJIAHOIBHBIMH TPYIIIIAMHU KpeMHe3eMa rpu 25-50 °C, nmpuuem
MX XeMOCOPOIS He OCTIOXKHICTCS TOOOYHBIMHU TIpoIieccaMi. DTO TaeT OCHOBAaHHUE
HCIIOJIB30BATh UX KaK MATKHE CHIMIHUPYIOIINE MOAU(DHUKATOPHI, a TAKXKE PEareHTHI
JUISL  DHIKENMUHTa  (QYHKIMOHAIBHBIX  OpraHOKpeMHe3emoB. OOHapykeHa
XeMOCOPOIUS TPHMETUII3aAMEIIICHHBIX CHIIAHOB CO CBS3bIO Si-N 10 CHIIOKCaHOBBIM
CB 3AM KpeMmHe3eMa (MexaHU3M Adyg), KOTOpas OCYLIECTBISETCS B MSITKHX
YCIOBHAX  Oyarofaps OCOOCHHOCTSM  3JIEKTPOHHOT'O CTPOCHUS  CHIIAHOB.

PCATIOXKCHHBIE ~ XMMHYECKHE  IOAXOJbl  HCIONB30BAaHBI  JUIS ~ CHUHTE3a
(hYHKIIMOHATBHBIX MaTEPHAIOB, 00JIaAIONIUX COPOIIMOHHON CENICKTUBHOCTRIO IO
OTHOIICHHIO K HOHAM (KOHIICHTPHPOBAHUEC METAUIOB IUIATWUHOBOHN TPYIIIEI,
SKCIIPECC-aHaAIN3 CIIEAOBBIX KOJIMYECTB MOHOB B PAcTBOpPaxX, KOHIEHTPHPOBAHUE
METAJJIOB-SJI0B) M MOJIEKyJaM (aIcopOIusi U3 pacTBOPOB MOHOKApOOHOBBIX H
JKETYHBIX KHCIIOT, COpOIHs JIEKapCTBEHHBIX M OWOJIOTHYECKH AaKTHBHBIX
coenvHeHUH, oOpaTumas ancopOIMs MOJISKYJSIPHOTO KHUCIIOpOa), a TaKkKe
KaTaAINTHYECKOW aKTUBHOCTBIO (PEaKIH OKUCIICHHS OpPTaHMYECKHX COCIMHEHUI
B MATKHX YCIIOBHSIX). VI3y4eHO CTpOEHHE CHHTE3UPOBAHHBIX ()YHKIIMOHAIHHBIX
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KPEeMHE3eMOB W MEXaHU3M aJCOPOIMOHHBIX W XHMHYECKHX pPEaKmui C WX
Y9acTHEM.

MopgunduumpoBaHHbie N,S - N- copgepxawme
NOSINaKPUNOHUTPUIIbHbIE COPOEHTLI, CBOMCTBA U aHaNMTU4YecKoe
npuMeHeHue

Hporooyxckas C.B., backor B.C.

Hucmumym xumuu u mexnono2uu peoKux 31eMeHmos U MUHEPAIbHO2O Cblpbsl
um. U.B. Tananaesa Konvcxoeo nayunoeo yenmpa PAH
184200, Anamumul, @epcmana, 26 a, Akademeopodok

BouokHHCTBIE XenaTooOpa3yomye COpOCHThI MOMYYHIM HIMPOKOE MPUMEHEHHE
JUISl KOHLIEHTPUPOBAHUSI MUKPOAJIEMEHTOB B aHAIIMTHYECKO# MpakThke Onaroaaps
BECOMBIM TIPEHUMYINECCTBAM TIEpe] TPAHYTUPOBAHHBIMA KaK C TOYKH 3pPCHUS
KAHETHKH Mex(a3Horo oOMeHa, Tak ¥ C TOYKH 3pPCHHS JOCTYIHOCTH,
IKCICPUMCHTAITBHBIX yno0cTB u JIOCTUTACMBIX KO3 PHUIUCHTOB
KOHIICHTPUPOBaHUs. BO3MOXKHOCTH COPOCHTOB ONPEACISIIOTCS HE TOIBKO THIIOM
MATpUIBI, HO ® MNPHUPOAOW  (YHKIMOHAJNBHBEIX Trpymmn.  Hawmbomnpmryro
CCJICKTUBHOCTh K TMEPEXOIHBIM 3JEMEHTaM MPOSBIIIOT XEIaTO00pa3yroIie
copbeHTel N- um S,N- conmepkamuMu (YHKITHOHATHHBIMA TPYIIAMH.  O03TOMY

CHHTE3UPOBaHbl HOBBIC MoONHakpwioHuTpwibHbie ( AH) - BomokHa cC
THOCEMHUKapOa3UAHBIMU, TUATHIIUTHOKAPOAMHUHATHBIMK, THOALETAMHUIHBIMH,
ANHCYIb()UIHBIMY, MEpKanTOXHHOJIMHOBBIMH, THOAMHUIHBIMH,
STWICHANAMHUHOBBIMH,  T'YaHWJAWHOBBIMH, aMHHO- W  KapOOKCHIIbHBIMH

(YHKIIMOHATBHBIME TpyHmaMd. JlaHHBIX O COPOIMOHHBIX CBOHCTBAaX 3THX
BOJIOKOH JUIS aliPHOPHOTO BBIOOPA YCIIOBHI COPOIMOHHOTO KOHIICHTPUPOBAHUS
METAJUIOB  HEIIOCTATOYHO, OrPAHMYCH BBHIOOP TOTOBBIX METOJIUK aHAIU3a,
BKITIOYAOIIUX CTAJHI0 KOHIICHTPUPOBAHUS C KCIIOJIH30BAHHEM 3THUX COPOCHTOB.

03TOMYy Hallle BHUMAaHHC OBUIO COCPEJOTOYCHO HA HM3YUYCHHH COPOLIMOHHBIX
CBOWCTB yKa3aHHBIX BbImle BOJOKOH (Tuonanos, AKBA AH, AH- DA,

AHkap6- DA, naunanos W Ip.) IO OTHOIICHHUIO K OOJBIION TPYIIIE METAIIIIOB.
B pesynerare monydeHbl AaHHBIE O KOX(GHUIMEHTaX paclpedesieHIs IBaIlaTH
JIByX MOHOB METAJJIOB B CHCTEMax BOIHBIC pacTBOpHI (B nmamazoHe pH ot 1 mo
10)- AH- BosiokHa m 00 MX COPOIMOHHON E€MKOCTH IO OTHOIICHHIO K ITHM
MeTajulaM; HaHAEHBI YCJIOBHUS CEICKTHBHOTO BBIACICHHUS METAJUIOB WM TPYII
TSOKETBIX METAJJIOB; ITOKa3aHa BO3MOXKHOCTh MPAKTUYECKH KOJIWIECTBEHHOMH
JecopOruu OOTBITUHCTBA HOHOB METAJUIOB U3 (pa3bl COpOSHTA, MPEATIOKEH COCTAB
JJFOCHTOB JUIsSi TPYIINOBOTO W3BIICYCHUS; OIPEICICHO BIHMSIHUC MATPUIHOTO
cocTaBa Ha COpOLMIO METAJUIOB M3 PEaJbHBIX OOBEKTOB, a JJIs MPHUPOJHBIX H
CTOYHBIX BOJ| U BJIMSHUC OPraHUYCCKUX BCIICCTB (TYMHHOBBIX U (DYIBBHHOBBIX
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KHCJIOT, TIOBEPXHOCTHO-aKTUBHBIX BEIIECTB, (PeHOI0B, HEPTENMpOIyKTOB U 1p.). B
X0Jie yTOYHEeHHs Tporecca copbiun Ha AH- BOJOKHaX YCTaHOBJIEHO, YTO B
3aBUCUMOCTH OT KOHIEHTparmu aHuoHHble (Gopmel Mo(VI), W(VI), V(V) u
Ct VI) MOTYT M3BJICKAIOTCS a30TCOACPKAIIUMU COPOSHTAMH B BHJIE MOHOMEPHBIX
WM TIOJTUMEPHBIX YaCTHIl B pe3ylbTaTe MOHHOTO OOMEHa, KpOMe TOTO, IPOIEcC
COTIPOBOXKIACTCS BOCCTaHOBJICHHEM psiga Metammos: xpoma(VI), wmemu(Il),
xkene3a(Ill), momubaena (VI) m ap. ¢ mocnemyromeM o0Opa3oBaHUEM CBSI3U C
(hYHKIIMOHATBHON TPYIIOH. 0 pe3yibTaTaM MPOBEACHHBIX HUCCICIOBAHUMA
oTMe4eHO, uT0 AH- BOJIOKHA TMEPCIIEKTUBHO HCIOJB30BaTh U W3BICUCHUS
MHUKpPORJICMCHTOB W3 TPHPOTHBIX BOJ W COJEBBIX PACTBOPOB (HANPHUMEp, IMPH
aHaiM3¢ YHUCTBIX COJICH WIETOYHBIX METAJUIOB).  PAKTHYECKas 3HAYUMOCTH
MPOBEICHHBIX UCCIICIOBAHUI PEAaTH30BATACH B CICIYIOIINX METOIUKAX:

- paspaboraHa cxema MPOTOYHOTO (POTOMETPHUECKOTO OIPEISICHUS
Oepwss B BOXHBIX pAacTBOpaXx W NPUPOAHBIX BOJaX C COPOIMOHHBIM
MpEeIKOHIIEHTpUpOBaHUeM Ha BoJiokHe AHkap6- DA. Ona mpenHasHadeHa IS
paboTBl B CTanMOHApPHOW JNaboOpaTOpHMHM WM Ha TATPYIBHBIX KaTepax,
OCYILIECTBIISIOMIMX KOHTPOJb 3a IKOJOTHYECKHUM COCTOSHHEM BOJ M HE HMeEeT
aHAJIOTOB B MHUPOBOW IMPAKTHKE IO JOCTUTHYTHIM IIpefieiaM (pOTOMETPUIECKOTO
OTIpeICIICHUS ¥ BPEMEHHBIM 3aTpaTaM Ha OJHO JJIEMEHTOOIPE/ICIICHUE;

- pa3paboTaHa METOMKA TPYIIIOBOTO KOHICHTpHpoBaHus MonubaeHa(Vl),
Bonbdpama(VI), Banamus(V), xpoma(VI) u wmbnueska(V) U3 MOPCKHX BOJ U
CTOYHBIX BOJ TerjodjekTpocTanimii AH- DA ¢ KOHEYHBIM ompeaeNeHUueM
METOAAMH  ATOMHO-3MHCCHOHHOTO  (C  JYrOBBIM  pas3psaoM), pPEHTTCHO-
(byopeciieHTHOTO W aTOMHO-a0COPOIMOHHOTO aHalu3a C JJEKTPOTEPMHUECKOM
aromm3aren (AAC DOTA).  pemIoKeHbl pa3IUndHble CHOCOOBI TOATOTOBKH
KOHIGHTpaTa K aHaum3y. OIHAM ©3 JOCTOMHCTB METOAWKU  SIBIISETCS
BO3MOXKHOCTh TPOBEIEHHUS KOHIICHTPHPOBAaHUSA Ha JHHUKA OTOOpa TPOOHL
Meronnka onpo6oBaHa Ha CTOYHBIX Bogax TAC;

- pa3paboTaHBI ¥ ONIPOOOBAHBI HA MIOBEPXHOCTHBIX MPHUPOIHBIX H CTOYHBIX
BOJIaX MCTOJMKHU ONPEACICHHUS MEIH, jKeje3a, KoOanbTa, HUKEIs, CBUHIIA, [IMHKA,
Maprasua, kagMmus u cepedpa metonoM miaMeHHONH AAC ¢ KOHIICHTPUPOBaHUEM
Ha BoiokHax AHkap6- DA u Tuonan-2. MeTOAWKHM NpeAHA3HAYCHBI IS
JKOJIOTUYECKOTO MOHHTOPUHIa ¥ KOHTPOJIS 32 CTOYHBIMH BOJAMHU TPEANPUITHH,
MOTYT OBITh UCIIOJIb30BaHbI KaK B CTAI[HOHAPHOW JIA0OPATOPUU TaK U B MOJICBBIX
YCIIOBHSIX.

- paspaborana W omnpoOoBaHA Ha pEATbHBIX OOBEKTAX METOIUKA
onpenenenuss npumeceir mMetogoM AAC DOTA B 4YHCTBIX COJSAX IIEIOYHBIX
MeTayuioB ¢ npeakonnenTpupoBanriem Ha AKBA AH (na mpumepe Nal u Csl).

MeToauKu MPOILTH YKCHEPTH3y B MypMaHCKOM IIEHTPE CTaHIapTH3AINH,
METPOJIOTHH ¥ CepTU(UKAIMA M BHEAPEHB Ha TEIIOPHEPTETUUECKUX M IPYTHX
npeanpusTuax Koiabsckoro pernona.
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24 W an oy Ku n3 u

Sonochemical method of preparation of porous mixed silica-metal
oxide materials with molecular homogeneity

Kovalchuk T., Savransky L., Trufanova Yu., Zaitsev V.N.

T. Shevchenko University, Chemistry Department, Volodymyrska 64, Kyiv, 01601
Ukraine

Herein we would like to demonstrate the potential of ultrasonic irradiation for
preparation of mixed porous silica-based oxide materials (SiO,-ZrO,, SiO,-TiO,
and SiO,-Al,0; with wide range of components ratio) with molecular
homogeneity outgoing from readily available precursors. It is known, that
preparation of mixed oxide materials with high homogeneity is rather difficult to
accomplish. General approaches consist in regulation of hydrolysis rate of both
precursors, which is achieved by variation of alkoxide radical, addition of
chelating agent and regulation of rate of pH changes, but these methods do not
always result in expected homogeneity. Some successful attempts of preparation
of porous oxide materials have been reported using sonochemical methods. In this
study we have used readily available precursors: alkali Na,SiO; solution and
AI(IIT), Ti(IV) and Zr(IV) salts solutions in water acetate buffers (pH 6) for
preparation of mixed oxides. To alkaline solution of silica was added HCI
dropwise under vigorous stirring until stable light turbidity was observed. To this
solution calculated volume of metal solution was added dropwise under vigorous
stirring. After being exposed to ultrasonic irradiation, solution was kept at 85-
90°C for 24h in thermostat. Then the precipitate was separated, washed with
distilled water, dried at 60 °C for 10h and finally dried at 120 °C until no further
weight loss occurred. New materials were characterized by N, adsorption
isotherms (BET) and transmission electron microscopy combined with energy
dispersive spectroscopy (TEM EDS). N, adsorption isotherms exhibited
characteristic I-type shape, typical of microporous materials, with the inflection at
P/P° in the range of 0,9-0,95, thus showing presence of interparticle porosity. In
total, obtained materials are characterized by micro-meso porous structure and
well-developed surface area, Sggr, attaining 150-500 mz/g, this value depending
on the Si:Me ratio. TEM illustrated high textural homogeneity of the mixed oxide
materials, which were formed by shape non-defined aggregates of nanoparticles.
Structure of theses particles is untypical for amorphous precipitation materials in
that it resembles wormhole-like structure, described for some MCM materials.
Comparative EDS study on several zones of oxide surface showed constant value
of Si:Me ratio in different particles, which proved high level of molecular
homogeneity. Hence, the key role of ultrasonic irradiation in preparation of
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molecular-level homogeneous mixed oxide materials with wide range of
components ratio was shown.

CuHTe3 hyHKUiOHaNbHNX NOXiAHUX NoJflicaxapuAiB 3 BAKOPUCTAHHAM
reTepoLMKITIiYHUX CMNONyK

KooOumnincekuit C.M., Psibor C.B., Boitrenko 3.B., Kucinps A.lL, €roposa T.B.

Incmumym ximi sucoxkomonexyiapuux cnoayk HAH Yxpa nu
Ku 6-160, Xapxiscoke woce, 48, m. Ku 6, Ykpa na
Ku ecoruii Hayionanvnui Yuisepcumem im. Tapaca [llesuenxo,
Ku 6-03033, éyn. Borooumupceka, 64, m. Ku 6, Yxpa na

Haii6inpm nmomupeni y mpupoi moJricaxapiu — [eroI03a Ta XiTO3aH € BEIbMHU
MEPCTICKTHBHUMH TIOJIIMEpaMH TSl iIMOOUTI3ami PI3HUX CITOJIYK 3aBISKH CBO i
NoMi(QyHKIIOHAIBHOCTI, MOJIEKYJSIpHIH CTPYKTypi, TigpodimbHOocTi Ta 6io-
CYMICHUM XapakTepucTukam. Moaudikamis IUX NPUPOIHIX MOJIMEpPIB HIIIXOM
BBE/ICHHS HOBUX (DYHKIIOHAIBHUX T'PYIl BUKJINKAE BEJIMKUHA 1HTEPEC 3aBISKH TO-
My, IO I (QyHKHOiOHANI30BaHI MOXiJHI MOXYTh BHKOPHCTOBYBATHCS IJISI CTBO-
peHHs crienniYHUX COpOEHTIB Ul BUIAAJICHHS METAJiB, HOJMIMEPHHUX HOCI B JUIS
010JIOTIYHO-aKTUBHHX CIIOJYK Ta JIKIB, a TAKOX y XpoMmarorpadiyHoMy aHai3i.
Buxoasuu 3 11p0r0, MeTa 11ie  poOOTH TMoJsraia B XiMIYHOMY MPHIIEIUICHHI T0-
XITHUX TETPa30JI0i30iHA0MIB, IO MAIOTh MOTCHINIHHY 0i0JIOTiYHY aKTUBHICTH JIO
MIKpOKPHUCTATIIYHO IIENIOJIO3N Ta XiTo3aHy. Ha mepmiomy erami menmojo3a B
TOMOTCHHOMY CEPEIOBHINI O0poOJIsAIach TO3UI-XJIOPHIOM 3 OTPUMAHHIM
BIJIMOBIAHUX TIOXiHUX, SKI TMOTIM MoAudiKyBamu pi3-HUMHU nOiamiHamu. Ha
OCTaHHi# cTani XiMiuHO MoaM@ikall NPHUBUTI aMiHOTPY-IIM LIEJION03H, a00 TaKi,
1110 TIPUCYTHI Yy XiTO3aHi, nepeBouics y Bianosiai ocHoBu luda. Ha xoxHii
CTall CHHTE3y KOHTPOJb 3a OTPHUMAHMMH IIOXiJHU-MHU 3HIHCHIOBAaBCS 3a
Jonomororo Merony IU-criekTpockomni Ta eJeMeHTHOro aHaii3y. ['erepouukiivni
CIIOJIyKH, II0 BHKOPHCTOBYBaJMCS Ui Moaudikami mojicaxa-punis, Oymnu
CHHTE30BaHi B IIpOLECI BHMBYCHHS peakli alWIiOBaHHS B psmy TeT-
Pa30J10i30iHAOIB, CHHTE30BAHUX 32 METOJOM. 3MIHIOBAIIUCS YMOBH: B PEa-KIIIO
BBOJWIINCH, 3 ofHOTO OOKy, 1-mertmin-1H-[1,2,3,4]rerpa3omno[5,1-a]izoin-qom abo
Horo mepxJyopar, a 3 ApPyroro OOKY - aHTIAPUIN U XJIOPAHTIAPUAN Kap-OOHOBHUX
KHCJIOT, SIK PO3YMHHHUKH 3acTOCOBYBamuCch JIM®DA, miokcaH, mipuauH Ta iHmn. [1i
CIIONYKH OyJNM BHUIUIGHI y YHUCTOMY BHIJISAI  METOJOM TIpenapaTuB-HO
xp Martorpadi, x OymoBa moBemeHa 3a momomororo crektpie 'H-SIMP Ta
€JIEMEHTHOr0 aHamizy. TakuM YWHOM, OTpHMaHi HOBI (pyHKHIOHANBHI MOXiTHI
noxicaxapuiB, SKi MOXYTb MaTH NEBHY O10JIOTIYHY aKTHBHICTh, OlocyMicHI Ta
GiozmerpagabenbHi XapaKTepUCTHKH.
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COBepI.IJeHCTBOBaHVIe KaTanuiaTtopa pM(*)OpMMHFa yrnesogopoanos

Kapsxun B.A., Ky3pmuna P.U., Joraguna H.B., anuna T.T.

Capamogckuii 20cy0apcmeeHHbIl YHUGepCUument,
Capamos, Poccus

Jus yroyGrenust mporecca pHUGOPMHHTa M TOJIYYCHHS BBICOKOOKTaHOBOTO
pudopMara HCIOJB3YIOT Hauboysee CTaOWIBHBIH ©  ONMpoOOBaHHBIH B
MPOMBIIIJIEHHBIX YCIOBUAX MONMMETANIMYecKuid katanuzatop Mapku KP-108. B
paboTe TMPOBEACHBI HCCICAOBAHMS (PU3UKO-XUMHUCCKUX W KATATUTHYCCKUX
cBoiicTB  karamm3aropa  KP-108,  orpaGoraBmero Ha  CapaTOBCKOM
HedTenepepabaTHIBAIOIIEM 3aBOJIC B TCUcHHE 5 JeT. Pe3ynbraTel mokas3ai, 4To
"cTapeHuH" KaTanau3aTopa, BBIPAXKAeTCs B CHUKEHHUH YIEJIbHON MOBEPXHOCTH C
190 1o 160 M*r u o6beMa MHKpPO M Me30HOp KaTanmsatopa. Kpome Toro,
oOHapyXeHO yMeHBIIeHus coiepykanus miatusel ¢ 0,35 mo 0,32-0,30 mac. %.
HcnpiTanuss KaTaMTUYECKOW aKTHBHOCTH TIPOBOJMIIOCH Ha JabopaTopHOi
yctaHoBke 1mpu Temieparype 480-530°C, naBiaenun 1,0 M a, MosbHOM
OTHOIIICHHE BOJIOPOA/Chipbe 4:1, pacxoze ceipbs 10 Mil/4, 3arpy3ke KaTaiauzaropa
0,5r. B kadecTBe MOAETHHOTO CHIPbS PUGOPMHUHTA HCITOJB30BAM HOPMAaJbHBII
TeKcaH. Pe3ynpTaTel HWCHBITAHWN CBEXKETO Karajgm3aropa ¥ 00pasIioB,
OTpaboTaBIIMX B pekTopax 2, 3 m 4 CTyNeHW TOKa3aih, YTO aKTUBHOCTH
KaTaJlM3aTopoB 3 W 4 CTYNEHH B MPEBpAICHUHM H-TEKCAHA BOCCTAHABIIMBACTCS
nocje pereepanuu Ha 93 % mpuU CENeKTUBHOCTH MO PEAKIMAM apOMaTH3AIMH 1
KpekuHra coorBeTrcTBeHHO 14,6 u 21,2 otH. %. CHmKeHHEe aKTUBHOCTH
KaTalu3aTopa MOXET OBITh KOMIICHCUPOBAHO YBEIHUYCHHEM TEMIECpPaTyphl
mportecca Ha 5-10°C. HccnemoBaHue BIUSHUS TEMIIEPATYPHOTO peXUMa
JKCIUTyaTallil KaTajJu3aTopa Ha €ro aKTUBHOCTh MOKa3allo, YTO B HWHTEPBAJC
temrieparyp 480-510°C karamuzatop oOecnednBaeT CTaOWIBHYIO paboTy B
nporiecce puGOPMHUHTa B TCYCHHUH [UIMTCIHHOTO BPEMCHHU. OBBIIICHUC
temrieparypbl g0 530°C mpuBOOUT K HEOOpPaTHMMON TIOTEpPH aKTHBHOCTH

KaTajauzatopa. OU3HMKO-XMMUYECKHE HCCIIEOBAHMUS KaTaau3aTopa MoKa3aii, 4To
mpu 540°C TpOUCXOAWT YMEHBIICHHWE JHUCIIEPCHOTO COCTOSHHSI HAHECCHHBIX
MeTaiuioB. Pa3mep wactun 6iaropoHsix MerayuioB ysenuuusaercs ¢ 30 qo 60-70
A. Tak xak pacnpezeseHne Kokca Mexay nentpamu Pt,Re u y-Al,O; 3aBucuT oT
pasmepa dactui, Pt°, TO «crekaHume» MeTauTMueckoil (a3l KaramusaTropa
NPUBOAMT K IIEpepaclpeieeHHI0O OCHOBHBIX peakuumit pudopMuHra u
YBEJIMYCHUIO BKJIaJa PEaKUUH THUIPOKPEKUHTA. OCKOJIbKY ~ pereHepanus
KaTaJM3aTopa He MO3BOJISET YBEIHMYUTh JUCIEPCHOCTh HAHECEHHOI'O METallia, TO
Y BOCCTAHOBJICHHsI IEPBOHAYATIBHON aKTHBHOCTH 00pa3lia Mo LEJIEBBIM PEaKiusim
HE MPOUCXO/THT.
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MonyyeHue u cBoMCcTBa CTabUNBbHbLIX KONNOUAOB AUOKCUAA KPeMHUA
Ha ocHoBe aspocunoB Mapok O -50 u MO -80 DEGUSSA AG).

oTtarneHok S A.

pobnemnas HUJI nepcnexmusHbix Mamepuanos, O0OMeibCKUull 20Cy0apCmEeHHblll
yuugepcumem um. @.Cxopunsl, 2. omens, benapyce,

KounonHbie CUCTEMbI Ha OCHOBE THOKCHIA KPEMHHUSI OTHOCATCS K CTaOHIIbHBIM
JUCTICPCHSM WU 30JIIM, COCTOSIIMM W3 JUCKPETHBIX YacTUI[ aMOop(hHOTrO
KpemHe3eMa. YacTHIBl TPEeACTaBIAIOT coboit cdepbl guametpom jgo 100
HAHOMETPOB, MMEIOT CKOpee aMOpP(HYIO, YeM KPUCTATMYECKYIO CTPYKTYpy H
o0namarT OTPHIIATCIIEHBIM ANEKTPUICCKIM 3apsIoM. Bcnencteue
JNEKTPOCTATUICCKOTO OTTANKWBAHUS YACTHI[ APYr OT JApYyra, YCTOHYUBOCTH
JICTIEpCHH  yBennumBaeTcs. Kpome TOro, 4YacTHIBI JTHOKCHAA KPEMHUS
MpaKTHYECKH HEPacTBOPUMBI B AMCIEpPrupyemoii cpene. KadecTBo mosrydeHHOTo
JUOKCHIA KPEMHHSI OINpENeNsieTCsl ero  pPeoJIOTMYEeCKUMHU — IapamMeTpamHu:
BSI3KOCTBhIO, PH, yCTOWYHMBOCTBIO M T.J. PH MOJYyYEHHH CTAOWIN3UPOBAaHHBIX
KOJUIOMJIOB Ha OCHOBE [JHOKCHIA KPEMHHS MPUMEHSIOTCS CICIYIONINe
XUMHUYeckue BemiecTBa: a’dpocwibl Mapkd OX-50 wmu MOX-80 (I'epmanwms),
OpraHMYeCKWe WM HEOPraHHYeCKHe OCHOBaHHsS, I[TOBEPXHOCTHO-aKTHBHBIE
BellecTBa. BBUIO WCCIEMOBAaHO BIUSHHUE BEIMYUHBI YICIBHONH TOBEPXHOCTH
gactury SiO, ¥ KOHIEGHTpPAllMd  OCHOBAaHUS HA  arperaTUBHYHO U
CEIMMCHTAIMOHHYI0  YCTOMYHUBOCTH  KOJUIOMIHOTO  JWOKCHAA  KPEMHUS,
OTpeieNieHa BSI3KOCTh M €€ U3MCHCHHE C TCUCHHEM BPEMCHH. PHTOTOBIICHHEBIC
TakuM 00pa3oM KOJLIOUABI MOTYT OBITh HCHOJIB30BAHBI JUTSI TIOJYYCHUS YACTOTO U
JIETUPOBAHHOTO CHJIMKATHOTO CTEKJIAa "HEMPSMBIM" 30JIb-T€h METOJIOM, a TaKKe
Ha CTaJIMU NPEIBAPUTEIILHON MOTUPOBKU M3IIEJIUIT ONTHKH U AIEKTPOHUKH.

BuomumMeTU4eckue noaxoabl B CUHTE3€ U perynimpoBaHumn
CTPYKTYPHO-COPGLMOHHbIX CBOMCTB ME30MOPUCTLIX MaTepuarnoB

Cwmenas 3.B., I'epna B.1., Unsun B.T.

Hnemumym ¢usuveckou xumuu um.JIL.B. ucapoicesckoeo HAH Ykpaunul,
2. Kues, Yxkpauna

B mnocnemHue roJbpl MHTEHCMBHO  pa3BHBacTCs  HOBOE  HaIlpaBJICHHE
HAHOTEXHOJOTUH HEOPTraHWYeCKUX U KOMIIO3UTHBIX MaTEepPHAaJIOB, CBSI3aHHOE C
pa3paboTKoif ~ METOJOB  CHHTE3a M HCCICAOBAHUS  ME30MOPHCTHIX
ME30CTPYKTYPHBIX MaTepHuaoB (MMM), MIPEICTaBIISIONTIX coboit
BBICOKOOPTaHU30BAaHHBIC CHUCTEMBI, C TEKCTYPOH COOTBETCTBYIOIICH PEryspHOM
YIIaKOBKE TeKCAaroHaJbHBIX IOp, AMAMETP KOTOPBIX MOXHO pErylupoOBaTh B
HAaHOMETPOBOM amamna3one. ®opmupoBanue MMM OCHOBaHO Ha COOCaXICHUH
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HEOPTraHMYECKOTO KOMITIOHEHTA u MHUIIEIUI000Pa3YIOIINX BEIIIECTB.
Qopmupyromascs Ha MHIEUIIPHON TOBEpXHOCTH W (uKcupyemas IpH
TIOJIMKOHCHCAIINA U TepMOOOpabOTKe CTPYKTypa HEOPTaHMYECKOTO KOMITOHEHTA
MOJKET CYIIECTBEHHO OTIMYATBCS OT CTPYKTYPHI, (HOpMUPYEeMOHl W3 TOTO XKe
KOMIIOHEHTa IPU €Tr0 OCaXICHHH W3 PacTBOpa B OTCYTCTBHH IOBEPXHOCTHO-
akTHBHOTO BemiecTBa ( AB) minm Ha HOcHTENe C JKECTKOW CTpyKTypou. Eciu B
MOCJIETHEM CIyYae BCE MeCTa B3aUMOJICHCTBUS 3apaHee MPEAONPEACICHbI, TO MPH
CCJICKTUBHON COOpPKE Ha TMOABIKHONH TOBEPXHOCTH MHUIICIUT MPOUCXOTUT
B3aMMOCOTJIACOBAHHUE OINTHUMAIbHONH KOH(MUTYpallul OpraHO-HEOPTaHUYCCKOM
Me30(]a3bl. ITO OTKPHIBACT MPUHIMITHAIEHYO BO3MOKHOCTh CHHTE3a MAaTCPHAIIOB
C PEryJIHpPYEeMBIMH B IIMPOKOM JHAMa30HE COCTABOM U MOPHUCTOW CTPYKTYPOH.
HMeHHO Ha 3TOM OCHOBAaH BBICOKOCEIICKTUBHBIH CHHTE3 B JKHBOH MpHPOIC, B
YaCTHOCTH, TIPOLIECCHl OMOMHHEpamu3aliyd. bHoMuMeTHueckuii CHHTE3 BO
MHOT'OM MOJ00CH TOMY, KOTOPHIA JOMHUHHPYET B OMOJIOTHYECKHAX CHCTEMax, HO
IPpH DTOM TIO3BOJISIET TMONy4YaTh BBICOKOYIOPSIOYEHHBIE MaTepHaslbl, He
CyIICCTBYIOIIME B TPHUPOAE, HYTO TMO3BOJSIET paccMaTpUBaTh CTPATETHIO
OMOMIMETHYECKOTO CHHTe3a KaK MEePCHEKTHBHYIO B CO3JaHUH KOMITO3HTHBIX U
MOPHUCTHIX (DYHKIIMOHAJBHBIX MAaTEepHajoB pa3IMYHOTO Ha3HaueHus. Taxue
CBOWCTBa ME30MOPHCTHIX CHJIMKATOB W QTFOMOCHIMKATOB KaK KOHTPOIUPYEMBIH
pasMep  TOp, BBICOKas  yAeJAbHas  TIOBEPXHOCTh ©  BO3MOXKHOCTH
(YHKIIMOHATM3AIMKA TMOBEPXHOCTH ME30IOP yXKE CEromHsA MpPEJCTABISIOT
3HAYUTEIBHBIA UHTEpeC s npuMeHeHnss MMM B OHOTEXHOJOTHH, B YaCTHOCTH
JUIT IMMOOWIIM3alUY, WHKATICYJIUPOBAHUS, OYHCTKA WM BBIICICHHUS (PESPMEHTOB.
OnHopomHOCTE pa3Mepa W (GOPMBI  ME30IOp CIOCOOCTBYET ONPEIEICHHOM
OpHEHTAITMN COPOMPOBAHHBIX OMOMOJIEKYI B mopax MMM, 4To 0COOCHHO Ba)KHO
UII  CO3TAaHMSA  aKTUBHBIX  DJIEMEHTOB  OHMOCEHCOPOB. pemokeHHas
OmoMHMeTHYeCKasi CTpaTerus CHHTE3a ME30MOPHCTHIX  aFOMOCHIINKATOB
3aKJII0YAETCsS B HCIIOJIb30BaHMM aHcamOieid Owomosiekynl 1 AB B kadecTBe
CTPYKTYPO3aJaloNINX peareHToB. Ha OCHOBaHMM TaKWX TOIXOAOB C
UCIIOJIb30BAaHUEM JICIIUTUHA, Oopomuaa HETHITPUMETHIAMMOHUS,
OKTajmenmiaMuHa W TputoHa  X-100,  cuHTe3upoBaHbl  Me30(]asHbIC
ATFOMOCHJIMKATBI C TeKCarOHAILHOW, KyOWYEeCKOH U JIAMEJUISIPHOW CTPYKTYPOH,
OHITOPUCTHIC ATFOMOCHIIMKATEI, @ TAKXKE aTFOMOCHIIMKATHI C TIOPAMHU Pa3MepoM JI0
10 HM © ajgcopOIMOHHBIM 00BEMOM J0 1.5 CM’/T.  OKa3aHO, YTO CTPYKTYpHO-
COpOLIMOHHBIC  XApPAaKTePUCTUKHA  TOJYYCHHBIX  aIFOMOCHJIMKATOB  MOJXHO
peryaupoBaTh MOCPEICTBOM H3MEHEHHS COOTHOUICHHS JeUuTHH- AB B
PEaKIIMOHHOM CMECH. O Mepe YBEIWYEHHS COICpIKaHUS JICIIUTHHA BO3PACTACT
pa3sMep CMEUIaHHBIX JHUMHAA-ISTePreHTHBIX MHIEIJI, Ha IMOBEPXHOCTH KOTOPBIX
OPONCXOOUT  (HOPMUPOBAHHE  CTPYKTYPHl  ATIOMOCHIIMKATA. P ITOM
YMEHBIIIAeTCSl KpUBU3HA TOBEPXHOCTH pa3/ieia OpraHMIeCKOW U HEOPTaHWIECKOMH
(a3 u mpoucxoauT oOpa3zoBaHKE YHEPTETHUECKH OOJiee BBHITOIHBIX KYOUYeCKOH U
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JaMeIIIpHON (a3.  OBBIIEHUE TEMIIEPATYPHl THAPOTEPMAaIbHOH 0O0pabOTKH
PEaKIIMOHHOM CMecH IPHUBOAWT K YBEIMUYCHHWIO ITAPaMETPOB dIEMEHTAapHOMH
STIEHKH, TUaMeTpa U afcopOIMOHHOT0 00beMa Me30IIop, a Takke K OoJiee MOoTHOK
KOH/ICHCALIMW AFOMOCHJIMKATHBIX AHHOHOB B CTEHKaxX IOp W TIOBBIIICHUIO
TepMudeckoii crabmimpHOCTH MMM.  omydeHHsle MMM HMEIOT BBICOKYIO
COpOITMOHHYIO €MKOCTh II0 OTHOIICHHWIO K TIIOKO300Kcumaze (mo 100 wmr/r).
Takum oOpa3oMm, paspaboTaHHas cTparerus OHOMHMETHYCKOTO CHHTE3a
MO3BOJSIET ~ MONYYaTh  ME3OMOPHUCTBIE  ME30CTPYKTYPHBIE  MaTCpUAIIBI
MCPCIICKTHBHEIC IS CO3aHUS BBICOKOI((GEKTUBHBIX U CCIICKTUBHBIX COPOCHTOB
JUTS. OMOMOJICKYJI, @ TAKXKE aKTUBHBIX JIEMECHTOB OMOCEHCOPOB.

MonumepHbIe NOBEPXHOCTHO-aKTUBHbIE BellecTBa Kak
MoaunduKaTopbl OPraHN4eckux peareHToB

Muxkynenko O.B., Umunenko T.C., Xapyn M.B., Ummirenko @.A.

Jnenponempogckuii HayUOHATbHBIL YHUGEPCUTNEM, XUMUYECKUU (aKynbmem,
Juenponemposck, Yxpauna, E-mail: analyt@ff.dsu.dp.ua

OBEPXHOCTHO-aKTUBHbBIE BEIlleCTBA ( AB) dBIAIOTCS  YHUKAJIBHBIMU
MOJTU(PHUKATOPAMHU (PUIUKO-XHUMHUYECCKAX CBOIMCTB OPTraHUYCCKUX aHATUTUYCCKUX
peareHToB B BOIHBIX pacTBopax. C momompio AB ymaercs HampaBIeHHO
W3MEHATH TPOTOIUTHYECKHE, KOMIIIEKCOOOpa3yIoliue CBONCTBA, PACTBOPHUMOCTh
W3BECTHBIX OpPTaHWYECKHX PEarcHTOB. pUMEHEHHE CHCTEM OPTaHUYEeCKUX
peareHTOB ¢ AB H BOJOpPAaCTBOPUMBIMH IOJIMMEpPAMHU PACIIUpPSIET OOJACTH

UCIIONIb30BaHUs CHEKTPO(OTOMETPUIECKUX METOZIOB aHam3a.
onmuBrHIIIHpponaoH (B 1) Omaromapst Xxopolieil pacTBOPUMOCTH B BOJIE H
Ppa3IMuHbBIX OpraHM4YecKuX PacTBOPUTENSX, CKJIOHHOCTH K

KOMILICKCOOOPAa30BaHUI0 CO MHOTHMH BEHICCTBAMH M OTCYTCTBHIO BPEIHOTO
BIIUSIHUSL HA JKUBBIE OPTaHU3Mbl IIUPOKO MPUMEHSETCS B MEIUIIMHE, CEITbCKOM
XO3sHCcTBE M Jpyrux obnactsax. Moaudunupyromue CcBoicTBa B
00yCIIOBICHBI TMOJU(PYHKIMOHATHHOCTEIO PEAKIIMOHHBIX TPYI IOJMIHTAH[A!
BOJIOPOJHBIE CBSI3M 00pa3yroTcs dYepe3 KHCIOPOZ, a BO3MOXKHO, M depe3 a3zoT
LUMKJIOAMUIHOM TPYNIIUPOBKH, ME30MEPHBIE CTPYKTYypbl B ]l OTBETCTBEHHBI 3a
3JIEKTPOCTATUIECKHE JTOHOPHO-aKIENTOPHBIE B3aWMOJCHCTBHS, METHICHOBBIE U
METHHOBBIC TPYHIBl TOJIAMEPHOM MEeNM W THPPONHUIOHOBOTO KOJbIA — 3a
rupodoOHOE cBA3bIBaHME. Takke OoTMedaroT crmocoOHocTh B JI Kk mumois-
TUTONBHBIM B3aMMOJEHCTBHAM. B paboTe paccMOTpeHO BIHMSHUE BBEACHUS
nomumepuoro AB — B JI Ha XUMUKO-aHATUTHYECKHE XapaKTEPUCTHKHU
CIENYIOMINX OpraHuYeckux peareHToB: KoHro kpacHbli (KK), momoraminon
(JIT'), marne3on MPEA (MI'), spuoxpomoBsiii cure-uepubliit (3XCY), cruibba3o
(CB), ammzapun S (AS). Cnekxrpodoromerpuuecku omnpeaeneHsl pK peareHTos,
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pH,, ammykToB, COCTaBBl MOJYYCHHBIX aJAYKTOB YCTAHOBIEHBI METOJaMHU
MOJIIPHBIX OTHOIIEHMH W W30OMOJApHBIX cepuit (tabn.1). Ha mnpumepe
azokpacutenss KK paccMmorpeHo BiusiHue moliekyisipHoil Mmaccel B JI Ha pK
pearenta. Tak, ans M, g ﬂ:8-103 ApH,,=1,49; nna M, g ;L:1,2-104 ApH,»=1,59;
s M, g ;L:L",6-105 ApH,,=1,73. BBenenue noiuMepa B CUCTEMY OPraHMYECKUN
peareHT — MeTaul IPUBOIUT K YBEJIMYCHUIO YyBCTBUTEIFHOCTH, KOHTPACTHOCTH,
CEJIEKTUBHOCTH PEaKIfH, HHOTIAa K CMEIIEHHIO KOMIUIEKCOOOpa3oBaHus B Oojee
KHCITYIO 00JIaCTh.

Tabmuma 1. XuMuKo-aHaTUTHYECKAE XapaKTEPUCTHKN OPTaHUNICCKUX PEareHTOB 1
WX aJTyKTOB C MOJUBUHIIITHPPOIUAIOHOM.

Kpacur | Honnas 06 Apear.s Ao pK | pHy,, | Cocras
ellb ¢dopma Cym. HM HM (Hp) R: B
a
KK (R, >6.2 498 514 | 4.05 | 2.56 2:1
JT HR* 7.0-7.7 445 445 638 | 6.13 -
R* >11.0 514 515 839 | 8.09 -
MIT H,R 1.4-5.6 495 497 122 | -0.34 6:1
HR* 8.5-11.2 577 595 7.56 | 8.01 3:1
9XCU | H,R 1.5-6.1 516 522 | 070 | -0.20 4:1
HR* 9.0-10.7 636 661 - - 6:1
CB (H,R), 0.7-8.0 409 435 0.65 | -0.80 5:1
(HR%), 9.5-11.0 510 543 820 | 7.85 2:1
(R>), >12.5 543 564 | 11.60 | 11.86 -
AS HR* 7595 517 522 607 | 6.16 -
R* >12.0 555 517 | 10.65 | 11.34 -

Hccnenosano Bnussane B ]| Ha cucTeMy a30KpacuTeNb CTUIH0a30 — METall.
0/100paHbl ONTUMAaJbHBIE YCIOBUS OOpa3oBanus komruiekcoB Me-Chb- B 1
(Ta6n.2). OnpeneneHbl MoJsIpHBIE KOA(D(DHUIIMEHTHI CBETOMOTIOMICHUS, TPEICITbI
ompenensieMbIx KoHIeHTparuil. CocTaBel KOMIUIEKCOB OIPEAEICHB METOI0M
MOJIAPHBIX OTHOIIeHWH, B chydae komimiekca Cu-Chb- B ]I coorHomeHue
KOMITIOHCHTOB ITOITBEPKIACHO METOJJOM TPOWHOW AHATPAMMEI.
Tabmuma 2. CroexTpodOoTOMETpUYECKHE XapaKTCPUCTHUKU TPEXKOMIIOHCHTHBIX
CUCTEM

penebt
A 4 | ompenensieMbIX Cocras
Kommuiexe o pH €10 . |M&R: B
HM KOHIICHTpALUi
Me, MKr/Mi1 A
In- B-I1 I 544 6.7-7.2 2.0 0.06-0.46 1:5:5
U-Cb- B 11 546 6.8-7.3 3.7 0.12-1.43 1:3:3
Al-Cb- B NI 533 6.8-74 4.0 0.01-0.11 1:5:5
Cu-Cb- B I 552 6.5-73 |59 0.03-0.38 1:3:1
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CuHTe3s n n3yvyeHume MOHoxpomaTorpaquecmx cBoUCTB
CyanbVIpOBaHHbIX CTMpOﬂ-AMBMHMn69H3OJ1bHbIX CopﬁeHTOB
pa3nniHoun ctTeneHun CLUMBKU

uporos A.B., Uepnosa M.B., Hemuena /I.C., lInuryn O.A.

Mocxkosckuii - ocydapcmeennviit Ynugepcumem um. M.B. Jlomonocosa
2. Mockea, Poccusa

Hawnbonee mpocTsiM M B TO Xe BpeMsl 3PQPEKTUBHBIM CIOCOOOM CHHTE3a
KaTHOHOOOMEHHHKOB SIBIIICTCS TIPEIOKCHHBIN eme B 1935-M rogy AnamcoMm u
XOoMIMCOM W YCHEIIHO MPHUMEHSACMBI B HACTOSIICE BpPEMs CIIOCOO MPsIMOTO
CyIb(QUPOBaHUS OCH30JILHBIX KOJICI B COTIOJIMMEPE CTHUPOJAa W TUBUHIIOCH30IIA.
OmHakoO OCHOBHOC BHUMAaHHE B J3TOW OO0IACTH YACICHO HCCIICIOBAHHIO
COIOJIMMEPOB CO CTENEHBIO CHIMBKHU 4-12 %. Llenpro paboTHI SIBISUIOCH N3ydeHHE
BO3MOKHOCTH HCHOJB30BaHUS MATpHIl C BbICOKOH (Oomee 50 %) cremeHbio
CIIMBKH, KOTOpBIE OOMamaroT OONbIIEH YCTOMYMBOCTHIO K MEXaHHYECKHM H
XUMHYECKIM BO3JCHCTBUSAM M MPaKTHUECKH He HaOyXaroT B BOAHBIX PacTBOpax.
YCTaHOBIIEHO, YTO HETATUBHOE BIUSHIE THAPO(OOHBIX CBOWCTB MATPHIIEI MOKHO
n30ekarh TMyTeM A00aBJiCHHS HEOOJBIIOTO KOJWYECTBA KOHIICHTPHUPOBAHHOM
YKCYCHOW KHCJIOTHI ITepe]] Ha4aIoM peakluy CyIb(pupoBaHUI. YKCYCHas KHUCIOTa
HC y4YacTBYeT B IPOLECCe MOMU(PHUKANMNA W HIPACT BCIOMOTATCIBHYIO POIIb.

onoOpaHel HamboJice OJIATONPHUATHBIC YCIOBHS NPSMOTO CyIb(QUPOBAHUSA
MOJMMEPHBIX MATPHUIl C HKCIOJIb30BAHUEM KOHIICHTPUPOBAHHOW CEpHOU U
XJIOPCYTb(OHOBON KHUCIIOT B KauyecTBE CYNb(OUPYIOMIUX pearcHToB. M3ydeHo
BIMSHHAC CTCIICHH  CIIMBKM  MATPHIBL,  MPOJODKUTCIFHOCTH  CHHTE3a,
TEMIIepaTyphl M COCTaBa PEaKIMOHHON CMecH, TopsaKa 100aBICHNS peareHTOB Ha
MOHOOOMEHHYIO €MKOCTh 00pa3yrommxcsi COpOCHTOB. YCTaHOBIEHO, YTO
(hakTopamu, ONpPEeAETAIONIUMH NOHOOOMEHHYIO €MKOCTh COpPOCHTOB, SIBJISFOTCS:
TeMIIepaTypa peakIIHOHHON CMECH B CITydae HCIIOIB30BAHMS KOHIICHTPUPOBAHHON
CEepHOW KHUCIOTHI B Ka4decTBEe CyNb(UPYIOMIET0 peareHTa ¥ KOHIEHTPAITHA
XJIOPCYIH(POHOBOI KHCIOTEI BO BTOPOM cirydae. K OCHOBHBIM NIpEeHMYILECTBAM
JTAHHOM METOJMKH CHHTE3a CJICAYST OTHECTU NOTYITHOCTh 00OPYIOBAHUS, JIETKOCTh
UCTIOJHCHUS, a TAKXKE YCTOWYHMBOCTh OCHOBHBIX XApPAKTECPUCTHK MOTyIaeMbIX
KaTHOHOOOMCHHUKOB (MOHOOOMEHHON E€MKOCTH, CEJICKTHBHOCTA U 3(PPEKTHBHOCTU
paznencHus) B mporecce padoTel. HamOonblyr0 TPYAHOCTH BBI3BIBACT KOHTPOJIb
CTENeHH CYNIb(QUPOBaHKS NP CHHTE3E COpOEHTOB co cpenuuM 3HayeHueM (0.3-0.5
M3KB/T) HOHOOOMCHHOM eMKOCTH. HaiJilcHO, 4TO MaTpHulla CO CTEHCHBIO CIIMBKH
50% siBnsieTCsl caMO¥ MOAXOASIIEH 1T MOTU(PUKALIMN TI0 JAHHON METOJHMKE. O
BCeil BUIMMOCTH, BEICOKOE COAEPIKAaHHE CIIMBAIONIETO areHTa B COCTABE MATPHIIBI
co creneHpio cmuBKH 80% NPENsATCTBYET NPOHUKHOBEHHUIO CYIb(QOTPYIIT H
TaKuM 00pa3oM CHW)KAeT CIOCOOHOCTh K MOAM(UKAIIUU. PEANPUHSATA TOIBITKA
OTHOBPEMEHHOTO OMpEICICHHUS HOHOB IEJIOYHBIX METAUIOB M aMMOHUS U psaa
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OpraHMYeCKUX OCHOBAHWH, THWAPA3MHOB W aMHHOB. [l TecTupoBaHusi Obuia
BbIOpaHa cepusi COPOCHTOB Ha OCHOBE MATPHUIBI CO CTEmeHbio CIuBKHA 50%.
Wzyueno BiusHUEe OOMEHHON €MKOCTH W MPHUPOABI ONpEIe/sIeMbIX BEIIECTB Ha
CENIeKTUBHOCTh M A(P(PEKTUBHOCTh HMX pa3leNieHHs. OKa3aHO, 4YTO B Cllydae
COpOEHTOB, CHHTE3MPOBAHHBIX C HCIOJIb30BAHUEM KOHICHTPUPOBAHHON CepHON
kucnoThl, dddexTuBHoro pasaenenus (12000-20000 TT/M) MOXHO AOCTHYD IS
HOHOB IIEJIOYHBIX METAJUIOB, aMMOHHS U THApOKcWwiaMuHa. OTMEYeHO
MEIIAIONIee BIMSIHAEC HCHOHOOOMEHHBIX B3aMMOJACHCTBHIA Ha S((EKTUBHOCTH
pasnencHus B ciydae TUApa3suHOB. Jlns cOpOEHTOB, CHHTE3UPOBAHHBIX C
UCIIOJIb30BAaHUEM  XJIOPCYIb(OHOBOH KHCIOTHI B KayeCTBE CYIb(PUPYIOMIETO
pearenTa, xopomas 3¢ ¢dekTuBHOCTD pazaeicHus (5000-10000 TT/m) nocturaercs
Ha copOeHTax ¢ BEICOKUM (Ooiee 0.6 MIKB/T) 3HAYCHUEM HOHOOOMEHHON €MKOCTH
- IUIS psiia KATHOHOB IIEJIOYHBIX METAIJIOB M AMMOHHSI, @ Ha COPOSHTaX C HU3KUM
(menee 0.3 MDPKB/T) 3HaUYEHHWEM HWOHOOOMEHHOW EMKOCTH — JJIsi KAaTHOHOB
IIEIOYHO-3eMeNbHBIX METAJUIOB, a TAK)KE TUIPa3uHA U MPOU3BOAHBIX AMHHOB.

iCT 3milwaHoro KpucTany i3 igeanbHOro po3BefeHoro po34ynHy

Heuunopyk B. B., bepnagun 1. B.
Yepniseyvkuil HayionanvHull ynieepcumem, m. Yepuisyi, Yxpa na

0J1aHO OIHC POCTY 3Mimanoro kpucrany A, B,C 3 1IeaIbHOTO PO3BEIICHOTO

1-x-y
po3unnay A, B i C y po3unnnuky F. ¥ mpormeci pocTy po3pi3HAIOTH JBa €TaIu:
mudysist A, B 1 C o piako Mixdasu Kpuctaiy i mporecH, siki BifOyBaloThcs Ha
Mik(a3Hii noBepxHi. Pe3ynbTaT onucy mBUIKOCTI MPOIECY BUPAKEHO Y WIEHaX
JBAHAIATH (HECHOMEHOJIOTIYHIX KOCQIIIEHTIB IIECTH A TUQPY3i 1 MEeCTH It
Mik]a3HHX TpoleciB. B 3amekHOCTI Bil KOHICHTpALifl IOMIIIOK y PO3YHHI,
TeMITepaTypH, MBUIKOCTI POCTY KpHcTala, KoeilieHTiB audy3i JaHUX TOMIINIOK
1 TOBIIMHU MPHUITOBEPXHEBOTO AW(PY3iHHOTO Mapy, IS TPhOX TUIIOBUX BHITAJKIB
pOCTy OMHUCAHO 3aJIeKHICTh SBUINA cerperami Bia mepecwmdeHHs. Hac 1ikaBuB
eMTaKCIHHUN PICT KPUCTUTY 3 pigko (a3u 3 BHKOPUCTAHHIM TOPU3OHTAIHLHOTO
3aHypeHHs 1 00epTaHHIM JaHOTO cyOcTpaTy. B po3misHyTO cerperariifie siBHIIe
JUTSL OMHOJOMIIIIKOBOTO (eporpanaTy. Mu X pO3TISTHYIH TPOIeC KpUCTaTi3all
(heporpanariB 3 1BOMa JOMIIIKaMH. pPH BUPOIIYBaHHI 3aMilieHuX (eporpaHartiB
MOMIY€HO, 110 KOHLIEHTpAlli AOMINIOK y TBEpAiil (a3i CHIIbHO 3aJeXaTh BiJ yYMOB
pocTy, 30KpeMa IepeoXoJI0KEHHS 1 INBUIKOCTI 00epTaHHs TaHoro kpucrany. Lle
SIBUILIC HE MO>KHA MOSCHUTH TUIbKH 1Udy3iero B piguni. g nano cucremu 0yio
NOKa3aHo, mo MikdazHUH mporec He Myxe ONM3bKWI 10 piBHOBakHOTO. [lnst
OIMCY CerperaniifHoOro SBUINA, SIKE CIIOCTEPIrajaocs, NOTPiOHO MPUIHSATH 0 yBaru
BIUIMB MDK(a3HO KiHETHKU Ha CKJIAJ JAHOTO KPUCTANY, IO JOCUTH BAXKKO 4yepe3
CKJIATHICTh JAaHO TPHOXKOMIIOHEHTHO CHCTeMH. Hamioio MeToro € Oommc BIUIUBY
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SK MiK(pa3HO KiHETHKH, Tak i 00’eMHO audy3i Ha CKJIaJ KPpUCTATY, BUPOIICHOTO
3 1IealbHOTO PO3BeIeHOro po3unHy. KiacuuHny TepMOANHAMIKY BUKOPUCTAHO JUIs
OTIMICY BHUMAAKy PIBHOBarM MidkK TBEPAMM TiJloM i pigwHOM0. OJHAK, TOW, XTO
BHUPOIIyE€ KPHUCTaIH, OUTbINE 3alliKaBJICHWH Yy HEPIiBHOBaXKHIM CHUTyalli, TOOTO
pocti. JIJs 1IbOT0 BHITAIKY MU 3UTYYHIIH TEPMOIUHAMIKY HE3BOPOTHIX TPOIIECiB,
SIKa MPUBOJIUTH 0 ()EHOMEHOJIOTIYHOTO OIUCY MPOoIecy pocTy. Mojielb, onrcaHa
HAMH, JIOTYCKA€ HACTYITHI MPUITYIICHHS:

a) kpucran € npoctoro cymimmio 4, B i C;

0) pianHa € ineanbHOI0 po3BeneHnM pozunHoM 4, Bi1CBF;

B) MOJIbHI o 4, B 1 C B po3uunHi Mai;

I') TPAHCIOPT PEYOBUHH JO TMOBEPXHI PO3IINYy KPHCTAI-PO3YHH MPOXOIHTH

TLUTBKY 3aBIAKA TUDY3I ;

) pyX Mixk$a3HO TOBEpXHI HE3HAYHUM;

e) mudy3iero y TBEpIOMY TiJli MOXKEMO 3HEXTYBAaTH;

€) TPOIIEC POCTY OCSATAE CTAMIOHAPHOTO CTaHY;

k) epexTH mucumari Teria Ha Mibk(a3Hii MOBEpXHi HE3HATHI,

3) mporec OIU3BKUH 10 PIBHOBAXKHOTO.
Jonymenas B), T) 1 a) 3poOiieHi s TOTo, MO0 YHUKHYTH YCKJIQJTHCHHS,
00yMOBJICHOTO pPYXOM TpaHHIl po3aury. HemomikoM (EeHOMEHOIOTIYHOTO
HaOJNVOKEHHS € Te, 0 BOHO HE Ja€ Tak Oarato iH(GopMali Ipo MpouecH SK y
BUMAJIKY TEOPi IIBHIKOCTI, aJic TEOPis IIBHIKOCTI MOXKE 3aCTOCOBYBATHUCS Y TOMY
BUTAJIKY, SKIIO TOYHO BiJJOMO sKi came mporecu MaroTh micie. ¥ LPE rpanaris
Mik(a3HHHA MPOIEC OMHCAHO 3 JOMOMOTO E€IWHOTO MapaMeTpy — ITOCTIHHO
MIBUAKOCTI JTAaHOTO Tporecy. SIK 3ragyeTbest y, Lsl MOCTIiiHA € 30CepeKeHUM
rmapaMeTpoM, SIKHH OMHUCY€E TPOIEeCH, MO0 MAIOTh Miclle Ha TPaHUIll POo3AlTY:
azicopOIiro 1 aecopOIito, AUCOMIaIio 1 XIMIYHY peakilito, 3apOJKOYTBOPEHHS,
MOBEPXHEBY Mirpamiro 1 3axolJieHHS Ha [TIJISHKaX POCTY. epeBara
TEPMOJIMHAMIYHOTO ONKHCY B TOMY, IO BiH Ja€ 3MOTYy YiTKO C(HOPMYITIOBATH
pymriiini cuny. Bei Buam BIUTMBIB, SIK TO MEXaHiuHi, BIUIMB JedopMalii , pi3HUII
HNOTEHIIAJIB 1 iH., MOXHA BKJIIOYHATH y PYIUIHHY CHIIy JaHOTO HPOLECY, SKIIO X
MOJKHA BUPA3UTH y WICHAX 3MIHH BIJIbHO CHTAJBIII .

Synthesis and electrochromic properties of substituted polyarenes in
thin layer

Aksimentyeva O.1., Konopelnik O.I. *, Grytsiv M.Ya. *

Chemical Department of Ivan Franko Lviv National University,
*Physical Department of Ivan Franko Lviv National University,

Perspective way to surface chromophore functionalization is modification of
transparent electrode surfaces (ITO, SnO, ) by thin and ultra-thin polyaminoarene
films. The possibility of film thickness control is provided by both Langmure-
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Blodzett technology and cyclic voltammetry method (CVA), in which the
thickness of the film is determined by sweep cycle number (N). The last method is
the subject of present report. During the study of electrochromic films of poly-o-
methoxyaniline (POMA), poly-o-(m)-aminophenoles, poly-o-toluidine (POTTI),
polyaniline (PANI) formation it is found that polymer electrodeposition on the
electrode surface took place at significant lower anodic potentials (£ = 0,52-0,70
B, etalone Ag/AgCl electrode) in comparison to monomer oxidation (£ = 0,82-
0,92B), so primery formed layer is the catalyst of process. From the CVA study of
polyaminoarenes films in aqueous electrolytes (HCI, HCIO,, H,SO,, HNO;,
toluene sulfoacid /TSA/) it’s found that electrodeposited polymer layers with N <
15 demonstrate the electrochemical behavior attributed to oxidation-reduction of
electroactive species which are strong adsorbed or immobilized at electrode
surfaces. The evidences for this behavior are the high reversibility of redox-
processes in the films (4E is in a range 30-50 mV, [/I[=1) and the linear
dependence of peak current (/,, I,) from potential sweep rate (v). Doping current
() of this polymer layer may be discribed by equation:

. n*FPA, exp P nF(E-E,)
(= = 77
RT(E +exp6)’ ’ RT ’
where n - number of electrons, A - area of electrode surface, ; — surface

concentration of electroactive substances, the summ of concentration of oxided
and reduced form ( . + ,u), E, E, — electrode potential and standart electrode
potential, F,R, T — known values. Surface concentration of electroactive substance
estimated by above equation and CVA for POTI layer (N=15), is ; = 59107
mol/cm’. It’s found that under applying electric field (0,1-1,0 V) in electron
spectra of polyaminoarene films at transparent SnO, and ITO surfaces the change
of optical density and absorption maximums are occurred. These changes are
accompanied by reversible color transitions from colorless to yellow, green, blue,
violet and intermediate colors. From the analysis of CVA, UV-viz., IR, EPR
spectroscopy data it’s defined that electrochromic transitions in conjugated
polyaminoarenes under external electric field are connected with structure
transformations in macrochaines. This may be caused by the chemical and
structure factors: oxidation - reduction of chromophore groups, change of
conjugation length, level and kind of doping. The incorporation of electron-
donating substitutes onto a conjugated chain leads to decrease the polymer’s
oxidation potential, but also causes to widening the potential range of color
transitions of POMA and POTI films compared to PANI.
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MMMUYECcKU MoaucmunpoBaHHas Lennono3a Kak agcop6eHT ans
pelueHus 3Konornyeckux sagay

Kopoctarunen B. 1., Kaprens H.T., Kymuux JI.A.

Hucmumym copoyuu u npobrem sunoosxoroeuu, HAH Yrpaunsi,
Kues, Yxpauna, e-mail: ntkartel@ispe.kiev.ua

B Hacrosmee Bpems Bce OONBIIYIO aKTyaJbHOCTh A YKpawHbl IpHOOpeTacT
npobJiemMa 3aIIUTHl OpraHU3Ma YeNoBEeKa OT BO3ACHCTBUS OKpY’KaroLIeH Cpensbl,
MOZBEPTHYBILCHCS TEXHOTCHHBIM 3arpsi3HEHHMSIM (PaJMOHYKIMIAMHU U TSDKEIBIMU
metaiamu). Cpeam  JETOKCHKAHTOB-aJICOPOCHTOB, CHOCOOHBIX  BBIBOJHTH
BpeIHbIC BEIIECTBA M3 OpraHW3Ma, OCO0OTO BHHMAHHS 3aCITyKHBAIOT
HoJMcaxapuICoOAepiKaliie IpUpOAHble MaTephaibl (TIEKTHHBI, AJbIMHATHI,
IEJUTIONI030COIeprKalllie Ipenaparsl) Kak Oe3BpeqHble NHIIEBbIC JT00aBKH WU
KOMIIOHEHTH! (hapMalieBTHYecCKuX npenapartoB. CBIpbeM U HMONYyYeHHS TaKHX
COpOEHTOB MOTYT CIIYXKHTHb OTXOJbI IHIIEBOI NMPOMBIIIIEHHOCTH, KOJIUYECTBO U
JOCTYITHOCTh KOTODBIX IIPAKTHYECKH HE OrpaHH4eHbl. Hamu HCIIOIb30BaHBI
U3MENbUCHHBIE a0pUKOCOBBIE KOCTOYKM M CKOpJIyNa TpenKux opexoB. [l
NpPUIOAHUS COPOIMOHHON aKTHBHOCTH M OIPENCNICHHBIX (DYHKIIMOHAIBHBIX
CBOMCTB  HMCXOJHBIE  OOpa3Ibl  TMOJIBEPraiuCh  XHUMHYECKOH  oOpaboTke.
B03MOXHOCTh PaIIOHATBEHOTO HCIIOJIB30BAHMS IIEJUTIOJIO3B!  JUISL  MOJTYyYEHHS
(YHKIMOHAJIBHBIX ~ MaTepHajoB M3 Hee ¢ TpeOyeMbIMH  CBOMCTBaMu
HETIOCPEJCTBEHHO 3aBUCHT OT (OPMHPOBAHUS CTPYKTYPHl  IIEIUTIOJIO3HBIX
MaTepuagoB ¥ OT MOAPOOHOTO M3YUYEHUS BIMSHHS Pa3IMYHBIX (PaKTOPOB Ha HMX
cBOMcTBa. bojplioe 3HayeHHWE MMEIOT ITOBEPXHOCTHBIE CBOWCTBA LEIUIIOIO3BI.
SIcHO, 4YTO ecnM  MOJNIeKyNspHas COpOLMS IIOJHCaxXapHIoB OIpenesseTcs
CTPYKTYpO#l Kapkaca, KOTOPbIH 0Opa30BaH NPOCTHIMH CaxapHAaMH OJHOTO I
HECKOJIKUX THIIOB, TO HOHOOOMEHHBIE M KOMIUICKCOOOpa3yloIlhe CBOHCTBa
TaKHX IOJMCAXapUIOB 3aBHCAT OT HAJIW4MS CBOOOMHBIX  (YHKIMOHATBHBIX
IPYII, HPEeXAe BCEro, OT KOHIEHTPAIMN KapOOKCHIIBHBIX WIM aMHHOTIPYIIL
CopOunoHHas aKTUBHOCTD LIEJUTION03b] HEBBICOKAs, TaK KAK OHA NPAKTHYECKU He
COJZIEP’KUT CBOOOJTHBIX (PYHKIMOHAIBHBIX (CIIOCOOHBIX K HMOHHOMY OOMEHY M
KOMIUTIEKCOOOPa30BaHUI0) KapOOKCWIBHBIX M aMHUHOTPYHNIL.  POCTPAHCTBEHHAs
CTPYKTYpa JTHUX IOJINCAXapHIOB B HaYaJlbHOM BHJE HE HMEET IOPUCTOCTH,
KOTOpasi HeoOXoanMa Il MOJICKYJIApHOW copOumu. st mpuaaHus LeJuToio3e
MOHOOOMEHHBIX CBOWCTB TNPHMEHSIOT DPSiT METOJOB, OCHOBHBIMH M3 KOTOPBIX
SBJISIIOTCS: M30MpATeNbHOE OKHCJICHHE CITUPTOBBIX TPYHIT  IEIJUTIONIO3BI  JI0
KapOOKCHIIBHBIX; TOJYYCHHE INPOCTBHIX 3(PHUPOB LEIUIIOJIO3Bl C COCAUHEHMIMH,
COIEPKAIIMMH  JOIOJHHUTEIbHBIE TIPYNNBl C KHCJIBIMH HWIHM  OCHOBHBIMH
CBOICTBaMM; NPUBHMBKA Pa3JIMYHBIX KJIACCOB IIOJMMEPOB, COICPIKALIMX Pa3HBIE
THIIBL (DYHKIIMOHANBHBIX TPYII, K MaKpOMOJIEKYJIaM ILEJUIIOJN03bl; IONy4eHHe
CIIOXHBIX 3(HPOB ILEJUTIONO3BI C MHOTOOCHOBHBIMH KHCJIOTaMH. Tak Kak
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UCIIONIb3yeMbIE  MaTepHualibl  KPOME  LEIUIIOJIO3bl  COAEp)KAT  JIMTHUH,
TEeMUIICIITION03Y, OCNKH, KUpbl U MuHepaibHble coctaBisomue (NaCl, K,S u
K,CO3) To mpeaBapuTeIbHO MPOBOIMIH ASTUTHADHUIIUPOBAHNUE, YTOOBI TIOTYIUTH
00O0TaIleHHYI0 TEJUTION03Y. 3aTeM ObUIM HCTOJb30BaHBI pa3HbIE METOJIbI
XUMHUYECKOH MOAU(PUKAITH: 00paboTka KHCJIOTAMHU, OKHMCIIUTEISAMH,
MepMaHraHaTOM Kainusi, ¢ocopmwimpoBanne, obOpa3zoBaHHEe (eppPOIHaHUTHBIX
KJIACTEpOB,  TOJIYYCHHE  KapOOKCHMETHIICIUIIONO3Bl  IyTeM  00paboTKH
[EIUTFOJIO3Bl  MOHOXJIOPYKCYCHOW ~ KHCJIOTOH W HATPHEBOH  COJBIO
STHICHIUAMHHTETPAYKCYCHOM KHCJIOTHI. HUccnenosana CEJICKTUBHOCTh
MOJYYCHHBIX MOAM(DHUIUPOBAHHBIX COPOCHTOB MO OTHONICHHIO K HEKOTOPHIM
KATHOHAM TOKCHYECKHX Tshkenmbix Metamios (Pb>", Cd*"), apcenara, *'Cs u Ca®.
OnpenencHa copOIMOHHAsE OOMEHHAs EMKOCTh IOJNyYCHHBIX MAaTepUAJIOB.

OKa3aHO, YTO XHMHYECKOE MOAU(PHIUPOBAHHE OWOIMOJIMMEPOB 3HAYUTEIHHO
yaydmaer (U3NKO-XUMHUYECKUE M COPOLMOHHBIC CBOICTBA M TO3BOJSIET HX
UCIIONIb30BaTh B PeLENTypax aJCOPOUPYIOIINX MIPENaparoB, a TaKkKe Ui OYUCTKU
BOJIbI M BOJIHBIX PACTBOPOB.

dopmupoBaHMA KaTanusaTopa pucgopmMmHra non BO3feUCTBUEM
aneKkTporvapaBnM4yeckoro yaapa

Kyspmuna P.U., Kapsxun B.A., Horaguna H.B., CeBocThsiHOB B.
Capamoeckuii eocydapcmeennuiii ynusepcumem, Capamos, Poccus

Karanutuaeckuit puopMHUHT OCTaeTcs OCHOBHBIM IIPOIECCOM IIPOM3BOJACTBA
BBICOKOOKTAaHOBBIX OCH3MHOB M  apOMAaTHYECKUX YIIIeBOAOpoxoB. OmHUM H3
MyTeil COBEpIICHCTBOBaHMSA PHU(OPMHUHIA YTIIEBOIOPOJIOB SBISETCS pa3paboTka
HOBBIX BBICOKOO((EKTHBHBIX KaTaau3aToOpoB. B maHHOW paboTe M3ydeHO
(hopMupoBaHUE ATOMOIIATHHOMEIBHBIX TETEPOTCHHBIX KATATUTHYCCKUX CHCTEM
B YCIIOBHSX BBICOKOBOJIBTHOTO paspsjia. BiusHue rumpasnnueckoro 3¢dekra Ha
AKTUBHOCTH aJIFOMOIUIATHHOMEIHOTO Katamu3aropa (2,5 % Cu +0,1 % Pt/A ,0;)
UCCIICIOBAHO TIPM HAHECCHHH IUIATHHBI METOAOM TIPONMUTKU W3 pPacTBOpa
TUIATHHOXJIOPUCTOBOAOPOAHON — KHCIOTBL.  DICKTPOTHUAPABIMICCKOMY  yaapy
MoJ[BEprajiach TeTepOreHHas cucteMa, Bkirodaromas 2,5 % Cu/A ,03; u BOAHEIH
pactBop H,PtCls Ha ycTtanoBke snexTporuapasiamdeckoro ymapa (OIY). Cythb
a¢ddexTa 3akmrodaeTcs B BO3NEHCTBUU B 3aMKHYTOM OOBEeMe Ha MaTepHaJIbl
KOPOTKOUMIYJIbCHBIM (B TedeHne 1-2 Mc) BBICOKOBONBTHBIM (mo 30 kB)
CIEMUABHO  C(OOPMHUPOBAHHBIM  DJICKTPUYECKUM  HUMITyJIbcoM.  OOpaboTka
CHCTEMBI OCYIIECTBIISIIACH MPH BapbHUPOBAHUHM MEXKDICKTPOJHBIX IPOMEKYTKOB
or 1 mo 30 MM mpu pabouem Hampspxermu 25-30 kB. B mporecce o06paboTku
pPacTBOp TOABEPTaics KOMIUIEKCHOMY BO3JCHCTBHIO IIEJIOTO psina (hakTopoB,
COTPOBOXKIAMNIUX THAPOYAAP: YIABTPa3ByKa, KAaBUTAIMOHHBIX U YIAPHBIX BOJIH,
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MarHUTHOMY H D3JIEKTPUYECKOMY BO3JCHCTBHIO. Pe3ymbraTsl mpeBpamieHus H-
rexcana B mpucyrctBum Cu,Pt/Al,O; (OT'Y) mokazanm, 9To TpeaBapuTeIbHas
00paboTka HMCXOMHOW KaTamuTHIecKor cucteMbl OI'Y Ha CTaaud TPOMHUTKH
Cu/Al,O3; TIIaTHHOXJIOPUCTOBOAOPOTHOW KUCIOTOW MPUBOAMT, B OTIAMYHE OT 2,5
% Cu 0,1 % Pt/Al,0; — xaTanmzaropa, MOJy4EHHOTO TPAAWIIMOHHBIM METOJIOM
OponuTKH, TPUBOAMT mpu T=550°C Kk BO3pacTaHHIO BHIXO/a [EJIEBOTO MPOIYKTA -
oensonma ¢ 30,8 mo 64,1 mac. %. CnemyeT OTMETHTh W3MECHEHHE MEXaHHW3Ma
oOpa3oBanmst OeH307la W3 H-TEKCaHA B MPHUCYTCTBHH ATIOMOIUIATHHOMEIHOTO
KaTalln3aTopa, MOJYYCHHOTO IOJ ICWCTBHUEM BBICOKOBOJBTHOTO paspsnma. B
KaTalln3aTe MPAKTHUYCCKU OTCYTCTBYIOT MPOAYKTHl Cs-meruapormknusanuu (Cs-
AT'L]), B To BpeMs Kak Ha oOpa3lax TPaJUIMOHHOTO W3TOTOBICHHS B
anamormaHbx ycnoBusx (T=550°C) ux Beixox coctaisier 20 mac. % ¥ BBIIIE.
OToT (akT yka3plBacT Ha OOpa30BaHUEC APOMATUYCCKHX YIJIIEBOJAOPOJOB U3 H-
napa)iHOB B TPUCYTCTBHH pPa3pabOTaHHOTO Karaim3artopa myTteM mpsMoit Ce-
JETUAPOLMKIN3AINY, MUHYS TpoMexyTounbie cTamun Cs-JII'1 u nsomepuzamum.

New high selective sorbents with multifunctional properties on the
basis of complexes of metals

Slizhov Yurii, Gavrilenko Mikhail

Tomsk State University, Chemistry Dept. , pr. Lenina 36,
634050, Tomsk, Russian Federation, mikl@xf.tsu.ru

The forming of field of gas chromatography on learning intermolecular
interactions between metals ions in complexes and organic sorbates began in 50-
60th years of a past century. The use of complex-forming properties of metals in
gas chromatography was for the reported for the first time by Bradford et al.
(1955) in a paper describing the separation of olefins in the solution of silver
nitrate in poly(ethylene glycol). Later, sorbents used with different complexes and
miscellaneous function groups of ligands which sorpted and bonded to a surface
chemically. The complexation gas chromatography was completely formed by
80th years of a past century. The term was determined by Schurig as field of
molecular chromatography is based on the ability of packing to undergo specific
m-type interaction with adsorbate moleculas showing electron-donor properties
and formation of metastable complexes of organic compounds with cations of
transition metals. Also it including of complexes of charge transfer and donor-
acceptor intermolecular interactions. Now complexation gas chromatography is
introduced three directions of studies. First, synthesizing of new complexes on a
surface of the mineral sorbents and learning of their chromatographic properties.
Secondly, learning of fundamental aspects of sorption interactions of organic
substances with metals in complexes during chromatographic separation. Last,
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applying nonconventional compounds containing metal as sorbents and stationary
phases for complexation gas chromatography. The liquid crystals on the basis of
complexes, fullerenes with an intrinsic metal ion esteem here. A plenty of works
about studies on buffs of this fields publish each year. The complexation gas
chromatography has high selectivity of separation and reproducibility of retention
owing to specific intermolecular interactions. A long time the choice of complexes
and method of forming of surface geometry in stationary phase was carried out
spontaneously and often incidentally. He had no forecasting nature. Now, the
stored experimental material makes possible to reveal and mathematical to
describe the basic laws of the competitive mechanism of a complex formation for
these multicomponent systems. The conformity to geometry and nature of
function groups of sorbates and chelates of metals is the basic concept of
intermolecular interactions in heterogenous system. Selectivity of formation of a
metastable complex higher at ascending a differential of free energies at seizure by
a complex of an organic molecula and intermolecular interaction with other
fragments of a surface for the correctly chosen sorbent. The forming a new
complex of sorbate with chelate is more favourable energetically in comparison
with a free surface or fragments of polymeric stationary phases. The opportunity
of the auto tuning phase with chelated complexes consists in control of a
differential of energies of a formation complex. Chemical system aspires to be in a
state with minimum energy. Thereof, the most favourable power state of a
sorption surface is the structure with maximal accessibility of the large number of
active centers. Such organization of a sorption surface takes place at interaction to
substances which one look-alike to suspected sorbate chemically. Other interesting
effect called “effect of memory can be carried out with complexes bonded to
surface hardly. This effect apply to designing sorbents with extremely high
selectivity to alone determinate substance (for example, individual isomer) by a
principle “key-latch . Specific geometry of a surface and configuration of metal
complexes allow to separate thus geometrical and optical isomers. Heterogenous
interphase equilibrium with the large number of reductants in gas chromatography
does indispensable the count of the contribution of each type of intermolecular
interaction. However, the classic model for gas chromatography is system of the
nonlinear multifactor equations. Its practical use difficult. The graceful model of
gas-liquid-solid phases chromatography for the count of all types of interaction in
the general view is proposed by Berezkin. The applying of metals complexes
complicates the equation owing to the count of specific interactions. The chelate
and an organic molecula forms new unstable structure with various types of
interaction: with metal, with ligands, with stationary phase and free surface of the
carrier. These interactions are determined by own value of free energy. The
additive energy of such interaction can be introduced by the way sums of
increments. It is necessary of gas chromatography to use of multilinear regression
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for the count of influencing of arguments of electron-donor (acceptor) properties
of fragments. Nevertheless, answer to a question, - there is a general mathematical
base for account of intermolecular interactions (including donor-acceptor,
electrostatic, the hydrogen bondes etc.) do not exist in complexation gas
chromatography. The principle of electron conformity is the third aspect of
complexation gas chromatography except for the geometrical and thermodynamic
factors of molecular conformity. The necessity of its count at an evaluation of
intermolecular interactions for the first time by Lenn. The structure of electron
gravity in chelate promotes formation of coordinate bonds in the determined
directions. Molecular conformity to be used by collection of dimensional and
electron interreacting fragments. The keeping of a principle of electron conformity
is an indispensable condition of high selective separation in complexation gas
chromatography. Work supported by RFBR grants 01-03-33082, 02-03-06120.

Apacopb6uis aHTUGIOTUKIB TeTpaUMKIiHOBOro pagy Ha
BMCOKOAMUCNEPCHOMY KpeMHe3eMi

Canmuk H., B T'onwapuk., Koxapa JI., Kacniepeskuii B., Uyiiko H.
Inemumym ximi noeepxni HAH Yxpa nu, Ku 6, Yxpa na

KomOinyBanHsT B OmHIM JikapchKiii (opmi Takmx IHTpEIi€HTIB SK CHIbHA
aHTHOaKTepialbHa pEYoOBMHA — AHTHOIOTMK 1 KPEMHE3eMHHH COpOEHT
MPENCTaBIsIE iHTEepeC IS 0araThboxX Taly3ed MEeIWIMHU 1 Teprn 3a BCe ISt
JIEpMaToyiori 1 Xipypri. ocTae TMUTaHHS TPO CYMICHICTh IUX KOMIIOHEHTIB.
Binomo, Hampukiam, Mo aHTHOIOTHUKH, 1 TETPAIIUKIIIHOBOT'O PSAY B TOMY YHCII,
B3aEMOJIIIOTh 3 OiKaMu, MO0 BIUIMBAE HA AHTUOAKTEPiaJbHYy AaKTHUBHICTh
npernapaTiB Ta X PO3MOBCIOJKCHHS B OpPraHi3Mi. 3 I[i€ K IPUYMHU BaXKIIUBO
3HATH K aHTHOIOTUKY B3a€MOJIIIOTH 3 AUCIICPCHUM KPEMHE3EMOM i UM MOXKHA 1[0
B3aEMOJIII0 peryimoBaTH. ToMy BHBUYEHHS IPOLECIB B3a€EMOJI aHTHUOIOTHKIB
TETPAIMKIIHOBOTO DSy 3 IHCIEPCHUM KPEMHE3EMOM 1 3°SICYBaHHS MEXaHi3MY
B3a€EMOJII CTaJI0 METOI0 I[LOI0 JOCTIKEeHHSA. B po0OTi, 30Kpema, IOCHIIKEHO
a7IcCOpOIIif0 TETPANMKIIIHY 1 METAMKIIHY Ha BUCOKOJTUCIIEPCHOMY KpeMHE3eMi 3
BOJHHMX PO3YWHIB. BcTaHOBIIGHO, MO aMcOpOIIisl TOCTIKYBAaHUX aHTHOIOTHKIB 31
cnabo xucnux po3unHiB (pH 4,5-6,87) He nepesurnye 15 mxmous/T. Ile Bkaszye Ha
c1abKky B3aeMOJIiI0 ajmcopOara 3 MOBEPXHEI0 KPEMHE3eMY, OUYEBHIHO 32 PAXyHOK
YTBOpPEHHS BOJHEBUX 3B’S3KIiB MK TiIPOKCHILHHUMH 1 KETOHHUMH TpyHamMu
TETPAIMKITIHIB 3 OJTHIE CTOPOHU Ta CHJIAHOJHLHUMU TPYNaMH KpEMHE3EMY 3 1HIIIO .

IITBEPIXKCHHSM TAaKOTO MEXaHI3My B3aEMOJI MOXKE CIY)KUTH T€, IO afcopOIis
TETPALMKIIIHIB HE 3aJIe)KUTh B1Jl KOHIEHTpAIll 10HIB HATPiI0O B CUCTEMI i CHIIBHO
3HIKYEThCS MPH  JOAaBaHHI crupTy. )i yTBOpPEHHS 10HHOTO 3B’S3Ky HE Mae
MiJICTaB, OCKUIbKH TETPALMKIIH B IUX YMOBaX 3HAXOIWTHCSA B LBITTEP-I0HHIH
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dbopmi, a TOBEpXHI KpEeMHE3eMY MICTHTh B OCHOBHOMY HeAMCOIliHOBaHI
CHJIAHOJIbHI TpymH. ApcopOris TeTparuKIiHy 1 METalUKIiHy Ha IHUCIEPCHOMY
KpeMHe3eMi 3MEHITY€EThCS TpH TiaBuieHHi pH npu nepexomi Big c¢1abo KUCIOTO
JIo ¢1a00 JTy’)KHOTO cepeloBUIa. 3a MUX YMOB OYEBHIHO ITOYHHAIOTH JiSITH CHIH
EJIEKTPOCTATUYHOTO BIALITOBXYBaHHS, OCKUJIBKH 3pOCTa€ HETaTHMBHUM 3apsii Ha
MOBEPXHI COpOCHTAa BHACTIAOK MUCOINANl CHJIAHOJBHUX TPYI KpeMHE3eMy i
OJTHOYAaCHO 3MIIlyeTbCcs piBHOBara B OIK YTBOpPEHHS aHIOHHUX (opM
TETPAaLMKIIIHIB B cucTeMi. Xapakrep aacopOii aHTHOIOTHKIB TETPaLMKIiHOBOTO
pSly CYTTEBO 3MIHIOETBCSI B MPUCYTHOCTI KaTiOHIB JBOBAJICHTHHX METalIiB,
30KpeMa MarHilo, KaJbllifo, IMHKY Ta Migl. A came, 31 3pocTaHHsM pH
CepelloBHINA aacopOILisl TETPAUUKIIIHIB Y MPUCYTHOCTI BKa3aHUX 1OHIB METaliB
PI3KO 3pOCTae, 110 OYEBUIHO CBLAYMTH MPO 3MiHY MeXaHi3My aacopoui . Bizomo,
0 TETPANWKIIIH 1 HOTO aHAJIOTH YTBOPIOIOTh KOMIUIEKCHI CITOJIYKH 3 OUTBIIICTIO
i0HIB OararoBaJeHTHHX MeTamiB. OTKe CKIQJaloThCs CHPHUATIUBI YMOBH ISt
YTBOpPEHHS 10HHOTO 3B’S3KYy MK HETaTUBHO 3apsPKEHUMH TUCOIIHOBAHUMH
CHJIAHONBHUMH ~ TpylaMH  KpeMHe3eMy Ta  [O3UTHUBHO  3aps/UKEHHUMHU
KOMIUIGKCHUMH 10HAMH MeETaJly 3 TETparuKIiHOM. AzacopOmis aHTHOIOTHKIB
TETPAIMKIIIHOBOTO PSTy B MPUCYTHOCTI 10HIB JBO3APSIIHAX METAIIB 3HIKYETHCS
JO MiHIMQJbHUX BEJIMYUH TPH JOAaBaHHI KOMIUIEKCOHa TpwioHa b, mo
HiIBEPPKYE 3apONOHOBAaHMN 10HHMH MexaHi3M ancopbui . ExcriepumenTansHoO
BCTAHOBJIEHO, L0 TETPALUKIIHK AecOpOyIOThCS 3 IMOBEPXHI COpOEHTa, OJHaue
npouec el YTpyJHEHHH. PO Le CBIAYHMTH METIS TicTepe3ncy, MO YTBOPIOETHCS
i3oTepMamu  agcopOmi 1 gecopbmi . OTke, pe3yabTaTH MAHOTO JJOCIIIKCHHS
BKa3ylOTh Ha MOJMJIMBICTH KepyBaTH TMpH TMOTpebdi mpormecoMm  amcopOrri
TETPAIMKITIHIB 1 TAKIM YHHOM MO>KJIUBO BIUIMBATH Ha X O10JIOTIYHY aKTHBHICTb.

CuHTe3 eNneKTPoaHOAKTMBHMUX PE4YOBUH iOHOCENEKTUBHUX
eNeKTPOoAiB, 060POTHUX A0 a30TBMILLYyHU4YMX OPraHiYHUX KaTiOHIB

Tkau B.I., CrenineBcrka S.B., ['onogeii O. ., Cyxanpka LIO., CrexiensoB A.JL
Yipa ncvruil deporcasnuii Ximiko-mexnonoeiunull ynigepcumen.

BaxnBoio aHaJMITUYHOIO MPOOJIEMOI0O € MOHITOPIHI BMicTy Ol0aKTHBHHX
OpTaHiYHUX CIOJYK POCIMHHOTO T4 CHHTETUYHOTO MOXO/DKEHHS — (ochaTHIiB Ta
aJKayo JiB B POCIMHHIA CHPOBHHI, €KCTpaKTax Ta KOHIIEHTpAaTax, JIKapChKUX
(hopmax, HAPKOTHIHHUX 3ac00ax Ta B MPOMHCIOBIN MpoayKii . BpaxoByrouu Te,
0 TepesideHi 00’'€KTH aHaJli3y € CKIaIHUMHU 0araTOKOMITOHEHTHHMH CHCTEMaMH,
B KOTpHX OlOJOTIYHO-aKTHBHI PEYOBMHHM 3MillaHi 3 pPI3HUMH CYIIYTHIMH Ta
JOINOMIKHHUMHU KOMIIOHEHTaMH, X aHajli3 € CKIagHUM OararoctagiiHuM
IpoLecoM, SIKMH BKIOUae B ceOe CTall pO3ALIEHHS Ii€ CyMilli Ha TpyIu
KOMIIOHCHTIB, X IJCHTU(}IKAIII0 Ta KUIBKICHE BH3HAYCHHSA 3 MOTPiOHOO
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TOYHICTIO. BupimeHHs mepenideHnx MpoOiieM MOXIJIMBE TPH BUKOPHUCTaHHI
€JICKTPOXIMIYHUAX METOJIB aHali3y ( mpsMa MOTEHIIOMETPis, MOTCHIIIOMETPHIHE
Ta aMIepOMETpPHUYHE THTPYBAaHHs), SKIi MaOTh JOCTAaTHIO YYTJIHBICTb,
CEJICKTUBHICTh 1 eKCIPECHICTh TOpSA 3 BIAHOCHO TIPOCTOI0 1 JICHICBOIO
amaparyporo. B 3B’sa3ky 3 mum, BuBUYEeHO MeTomamu Y®-, IU-crmekTpockomi Ta
aMIIEpOMETPUYHOTO TUTPYBaHHS peakilito B3aemMoai rereponomianiony (I' A)
ctpykrypu Kerrina PMo,,04 3 opramiusumu kaTiomamu (OK) 6ioaKTHBHHX
peuoBuH — docdaTugamu (reruTiH, KedaniH), BUIUICHHUMH 13 COHSITHHKOBOTO
Macia, a Takox 3 ankano namu “Uucroriny Benmkoro (Chelidonium majus),
omiitHoro Maky (Papaver somniferum ) Ta aMmpeTaMiHOBUX MOXiTHHUX. epesivdeHi
CHOJYKA MAIOTh Y CBO i CTPYKTYpi OCHOBHHM aTOM a30Ty, SKUH B KHCIOMY
CepeIOBHINI NPOTOHYETHCS, [0 MPUBOIAMUTH 10 YTBOPEHHS BOJOPO3YHHHO CTIiHKO
KaTioHHO  ¢opmMu  ankaio AiB  Ta ¢GocdatumiB. B  BogHMxX po3dmHax
CIIOCTEPITAETLCS YTBOPEHHS MaJIOPO3YMHUX CHONYK 3aranbHo (opmu (OK)nlT A
3 acolliaTUBHUM XapakTepoM 3B si3ky Mixk OK i [T A, mo miaTBep>keHO MeToIaMHu
Y®-, IY-crekTpockom Ta aMIepoOMETPUYHOro THTpyBaHHs. CHHTE30BaHi
MajJoOpO34YMHHI B BOJI 1 J00pe pO3YMHHI B OpraHiYHMX PO3IYMHHHUKAX-
miacTudikaTopax CIOJYKH C1ab0-)KOBTOTO 3a0apBIICHHS 3 10HHO-aCOI[iaTHBHUM
xapaktepoM XiMigHoro 3Bs3ky Mk OK OGioakTuBHuX pedoBu I A cTpykTypm
Kerrina. Buxomsuu i3 Takux YHIKaIbHHUX BiactuBocTedl I A sk Bemuka
MOJICKYJISIpHA Maca, OKHCIIOBAJIBHO-BIIHOBHI Ta 10HOOOMIHHI XapaKTEPHCTHUKHU,
CIIPOMOXHICTh ~ OCa/PDKyBaTH BEJNUKI OpraHiyHi KaTiOHM 3  YTBOPEHHSIM
MAJIOPO3YHHHUX CIIONYK 3 KYJIIOHOBCBKHUM XapaKTepOM 3B sI3KY € JOIIbHUM
BUKOPHUCTAHHS JaHUX CHHTE30BAaHUX CIIONYK B aHaii3i 0i0aKTUBHUX OpPTaHiYHUX
KaTiOHIB POCIMHHOTO Ta CHHTETUYHOTO TMOXOKeHHS. OTpUMaHi CIIONyKH Oyiu
BUKOPHCTaHI  SIK  €JCKTPOJHOAKTHBHI  PEYOBHHH  TUIACTU(IKOBAHUX  Ta
TBEPAOKOHTAKTHUX MeEMOpaH 10HOCENEKTHBHHUX EJEKTPOJIiB, OOOpPOTHUX JIO
Br3HauyBaHUX OK.

CuHTe3 3ani3oBMilyH4YUX 3MilLaHMX reTepononiaHioHiB CTPYKTYpU
KerriHa i X BUKOpuUcTaHHA B ioHOMETpi

Tkau B.I., JIsxoBa H.O.
Ykpa nevkuil oeporcasHuil XimMiko-mexHono2iuHUll yHigepcumem

AKTyaJpbHOIO TIPOOJIEMOIO CydacHO aHAIITUYHO XiMi € CEJICKTHBHE,YyTIWBE Ta
eKCIIpeCHe BHU3HAUEHHS HITPaT-iOHIB B 00’€KTax HABKOJWIIIHBOTO CEPEIOBHIIA,
NUTHIH BOAI Ta B XapyoBHX IPOAYKTaX POCIMHHOIO MOXOMKEHHsS. [lns
BU3HAYCHHS HITPAT-l0HIB BUKOPHCTOBYIOTh CKJIQJHI Ta TPYIOMICTKI METOAU
XIMIYHOTO aHaJi3y 3 MOMEPEIHIM €TaroM CKJIATHO MPOOOIIIrOTOBKH, a TaKOK
OinbII 3pyYHI Ta EKCIPECHi MpsMi MOTEHIIOMETPUYHI BU3HAYCHHSI KOHLIEHTpPALl
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HITpaT-i0HIB 3a TOTIOMOTOI0 PIIMHHUX 1 TUTIBKOBUX 10HOCEICKTUBHUX €ICKTPOJIiB
(ICE), sxi He 3aBXIW MaiOTh ONTHMANbHI  €JIEKTPONHI Ta  METPOJIOTIdHI
XapaKkTepucTUK. ToMy icHye HaraimbHa moTpeba B po3poOii HoBux BuuiB ICE,
TaKMX SK IrOJBYACTi IHIUKATOPHI MIKpOEIEKTPOIH, IKi € o0opoTHuMHU 10 NO; ™ i
JIO3BOJIAIOTH 3 IOCTATHHOIO TOYHICTIO 1 CEJICKTUBHICTIO aHAI3yBaTH Mayi 00’ €MHU
PO3YMHIB Ta CUTLCHKOTOCIOAAPCHKY POCIUHHY TPOAYKINIO 03 TOoMepeaHbo
npobominroroBku. s po3podku Takux ICE 3 TBepmoro reTeporeHHOI0
MeMOpaHOI0 HEOOXiTHO CHHTE3YBAaTH EJEKTPOJHO-akTHBHY peuoBuHy (EAP) B
KPHUCTAJIYHOMY CTaHi i 3 mocTiitHuM BMicToM NOj -i0HIB, KoopanHOBaHKX B EAP.

epcuektuBHUMHE (opmamn noxnioHnx EAP € Manopo3umHHI KpuCTamivHi
TeTpaldyTiI- Ta TeTpaMeTiIaMoHiitHI comni rereponomnianioniB (I A) cTpykTypn
Kerrina 3 iMmianToBannmu B koopanHaniiiny chepy I' A ionamu 3amiza (II), (I1IT)
- PMO]IFGO:‘,&)S- 5 PM011F60394- PW]IFGO:‘,&)S- 5 PW]IFCO394_ , a4 TaKOX I A
crpykrypu Kerrina, B kotpux ionn Fe*', Fe’" € 3oBHimmpocdepHiME KaTioHaMH.
CuHre3 nMogiOHUX CTPYKTYp OYB IPOBEJCHUI B CEPEIOBUIII HACHICHOTO PO3UNHY
KNO;, mo npuBoguth a0 xemocop6bmi NO; Ha TOBEpXHI 3aTi30BMINIYIOUNX
I' Aitum camuMm cripusie osiBi enektpoaHo ¢ynkmi Ha NO; B ICE Ha ocHOBI
samizoBmimytounx I A crpykrypu Kerrina. Pozpo6neni ICE, o6opotHi 10 NO;3™,
3 IJIacTH()IKOBAaHUMHM TLTIBKOBUMH MeMOpaHaMH , KOTpi IPOSIBISIOTH HITpaTHY
enexTposHy (yHKIi0 B iHTepBami 5x10™ — 1 mon/n 3 maxmmom 45-50 mB/pC.
Takox ckoHcTpyloBaHi TBepmokoHTakTHI iHmukaropuuii ICE Tta enekrpon
TOPIiBHAHHS , SIKi O3BOJIAIOTH IOHOMETpHYHO Bu3HauatH NO; B imtepsami 107
— 10" mon/n 3 maxumom 42 — 45 MB/ pC. Po3poGueni enekTpo/u, 060poTHi 10
NOs™ B kucnux pozunHax pH 2- 5 3 gacom Binryky 30 — 60 cexyHn i mpeitdom
noteHmiany 2 — 5 mMB/mo0y . Po3po0OiieHi METOIMKH KiJTbKiICHOTO BU3HAYCHHS
NO;" B BOAHHMX pO3YMHAX METOJOM TIPSIMO TIOTEHI[IOMETpPi IO CBO M
AHANITHYHUM Ta METPOJIOTIYHMM IIOKa3HWKaM HE YCTYNMaloTh iCHYIOYUM
HOPMAaTUBHUM METOJIWKaM, € ekcrpecHuMH (10 XBWJIMH), MalOTh HU3BKY MEXKY
Br3HaueHHss 10 MON/MT , XapaKTepi3ylOThCs HOCTATHOO CENCKTHBHICTIO Ha (BOHI
CYITyTHIX Ta TOTIOMIKHUX PCUOBHH.
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CunHTEe3 1 cBOUCTBA HOBbIX noJsIMMEepPHbIX MmaTepuanos C
MMMOOMNN30BaHHbLIMMU reTapMncbopmasaHOBblmw rpynnamu

FOmkosa O.T. 1, Msicoemona I'.B. 2, Menbauk T.A. 1,
Bapanosa T.B. ', epsosa W.I". ', Jlunynosa I'"H. "’
! Vpansckuii 20cyoapemeennviii iecomexnuyeckul yuugepcumen,
o. Examepun6ype, Poccus; > Mncmumym 2eoXumuu u ananumuyeckoii Xumiu um.
B.H. Bepnaockozo PAH, 2. Mockea, Poccu;, > Ypanvckuii 2ocydapcmeennuiii
mexnuyeckuil ynusepcumem, 2. Examepunoype, Poccus

BoOKHUCTBIE COpPOCHTBI Pa3IMYHON CTPYKTYPHI B IMOCICAHEE BpEMs BCE dYallle
UCTIONB3YIOT [UIS PEIICHUS IUPOKOTO KPyra aHAJTUTUYCCKUX U TEXHOIOTUICCKUX
3ama4.  OJOOHBIC MaTepHANbl MOXHO HCIOJIB3

mporieccaXx M Kak OCHOBY [UIS TETCPOTCHHBIX —KaTalln3

WCTIOJNB3 -
17, wmomudurmpoBaHHOe  TeTapmidopmas I'erapundopmas
TPYNIAPOBKKA IO CpaBHEHWIO C apmidopmas

MHOTOTOYECUHYI0 (HUKcalMio HMOHAa MeTalyla B KOMIUIEKCE, 4YTO II03
MOJy4aTh OTIWYUS B KOMIUIEKCOOOpa3

aKTUBHOCTH C(OPMUPOBAHHBIX Ha TOJIHMEpPE KOOPAWHAIMOHHBIX COCIWHCHUH.
Momudukanuo (yHKIHOHATBHBIX TPYI BOJOKHHUCTOTO HETKAHOTO COpOCHTa
MPOBOJMIIA HMOHHOOOMEHHBIM MeToZoM. [l MomuduKanuyd HCIOIb30BaTH
¢dopmas

Oens 3 U U JIUMETWINHPUMHUIUHOBBIN.
UccnenoBanne COpOIMOHHBIX CBOMCTB HOBBIX IOJHUMEPHBIX MaTEPUAIOB
TIPOBOIIIIN B CTATHUECKUX U THHAMHYECKIX YCIOBHUAX B PACTBOPAX, COACPIKAIINX
noubl Cu(Il), N{ II), Zn(II), Cd(II), Pb(Il). KonneHTpaiuss MOHOB METaIOB B
pacTBOope BapeupoBamu ot 25 wmr/m go 1 r/n, pH pactBopoB 3.5-5.5. Jlns
CpaBHEHMsI KOMILIEKCOO0pa3

nonuta AB-17x12 (B Buge TrpaHyn), MOAWGHIMUPOBAHHOTO TEMH JKE
dbopmaz

CTPYKTYPY BOJIOKHHCTOTO copOeHTa B OOJBIIMHCTBE CIydaeB OJarompHusTHO
CKa3 OCTH  HCCIEAYyEMBIX  ITOJUMEPOB.
BonokHUCTEIH MOAU(UIMPOBAHHEII TOIHMEpP MPOSIBISIECT COPOLIMOHHYIO €MKOCTh
Ha TOPSIJIOK BBIIIC, 10 CPABHEHHUIO C MOJU(PHUIIMPOBAHHBIME MOHUTAMHU HA OCHOBE
AB-17x12. Ha ocHOBaHMHM TPOBENCHHBIX HCCICIOBAHUKA ITOKa3
MOJYYCHHBIC COPOCHTHI MPOSIBISIOT CEJICKTUBHOCTh IO OTHOIICHUIO K HOHAM
Cu(Ill) u Cd(I) n no3 BIEHHBIX DPACTBOPOB B
NOPUCYTCTBHM HWOHOB JPYTUX TSDKENBIX MerawioB. U3
MEIbCOICPKAIUX KOMIUICKCOB MOAUDHUIIMPOBAHHBIX BOJIOKHUCTBIX COPOCHTOB B
PEaKIHAX KaTaJHTHIECKOTO pa3
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OKHCIICHUA CYyIb(QHUIOB. OIydeHHE COPOSHTOB, COACPIKAIINX MEh, TPOBOIUIOCH
nByms  crocobamm: 1) cop6mueit wonoB Cu(Il) wa wMomupuImpoBaHHOM
(dhopmazanamu BoJIOKHUCTOM copOeHTe AB-17 m 2) copbuwmeir popma3zaHOBBIX
KOMIUIEKCOB MeNH, 3apaHee C(OPMHPOBAHHBIX B pacTBope. M3ydeHo BimsHUE
ycIoBui (OPMHUPOBAHUS METAUIOKOMITJICKCOB Ha KaTATUTHYECKYIO aKTHBHOCTb.
Kak oxazamoch, HamOONBIIYI0 AKTUBHOCTH TPOSBISIOT  KaTalW3aTOPHI,
MOJyYCHHBIE BTOPBIM ITyTEM, YTO MOXXHO OOBSICHUTH Hambosee OJIaronpHsTHBIM
CTPOCHHEM KOOPIUHAMOHHOTO IIeHTpa (opmaszanaroB Cu(Ill). OnrtumanbHOE
conepkanne uoHoB Cu(ll) B TBepmoit daze it >PQPEeKTHBHOTO Karannsa
coctaBiger 0.01-0.02 MMONB/T. pH YBETMYCHHUH COJAEPXKAHUS MOHOB MeTaula
NPOUCXOJUT 3HAYUTENIFHOE CHIDKEHHE AaKTHBHOCTH Karanu3aTopa. Takum
00pa3oM, Ha OCHOBaHUH MOYYEHHBIX PE3YJIBTATOB C/IEJIaH BEIBOJ O BO3MOKHOCTH
MPUMEHEHNS MCCIIEIOBAHHBIX MOIM(DHUIMPOBAHHBIX MaTEepHajoB Kak COPOCHTOB
JUIL JTOOYHMCTKH CTOYHBIX BOJ, COMCPKALINX HMOHBI TSDKENBIX METAJUIOB, W B
KadecTBE BHICOKOAKTHBHBIX KaTann3aTopoB. PaboTa BEIITOTHEHA NP (HHAHCOBOI
noanepkke rpanta PODU Ne(02-03-96424-p2002 Vpan.

M3yyeHune copbumnm noHoB Mbiwbsika lll u3 BoaHbIX cpep Ha
CMellaHHbIX OKcuaax TuTaHa, LMpKoHus, coocdopa nu monudbaeHa

Spomenko M.B., Kapacesa T.A.
Kuescxuti nayuonanvuwiti ynueepcumem umenu Tapaca Lllesuenko

OKoMornYecKue MpoOsIeMBl, CBSI3aHHBIE C MPHCYTCTBUEM B OKPY)KAaIOIIEH cpene
HMOHOB TOKCHYECKHX METAJJIOB, TAKUX KaK MBIIIbSIK, CBUHEL], KaAMUM, PTYTh H Ap.,
CTaBST 3aJa4M MOUCKA HOBBIX IyTeH MX PELIEHUs, OOJHUM U3 KOTOPBIX SBIACTCA
UCIIONIb30BaHUE COPOLMOHHBIX TEXHOJOTMH C TIPUMEHEHHEM CEJIEKTUBHBIX
MOHOOOMEHHHMKOB. B 3Tol CcBsi3u Hamu Oblna u3yuena copOuust Meimbsika 111 u3
BOJHBIX CpeJ, B MPHUCYTCTBUM HOHOB IKele3a, Meau, KaJMHs, CBUHIA Ha
rHApaTHpoBaHHOM (ocare MUPKOHUS, a TaKKe CMEIIAHHBIX OKCHIAX THUTaHa,
IMPKOHHS 1 MONHOeHa. KOHIEHTpamus MbIlIbska H3MeHsIach B npegenax 107 -
10, KOHIIEHTpAIKS COMYTCTBYIOUIMX HOHOB XeJIe3a, KaAMHs, CBUHIA, MEH 1 JIP
Obl1a HA HECKOJIBKO MOPSIIKOB BBIMIC. OJYYEHHBIE PE3yIbTaThl MOKA3aIH, YTO
MOHBI MbIIbsika I1I cenmekTHBHO COpOHMPYIOTCS Ha yKa3aHHBIX MOHOOOMEHHHKAX
KaK MHAMBUIYaJbHO, TAK U B IPUCYTCTBUH NPHUBEACHHBIX BBIIIE HOHOB TSDKEIBIX
metaiioB. Kpome Ttoro, ObIIO 00HApYXkKEHO, YTO HCHOIb3yEeMBIC HaMHU
MOHOOOMEHHUKH 00JIaTaf0T BHICOKUMH KHHETHUECKUMHU XapaKTepucTUKamu. (98
% mnornomenus Meibsika 11 mocturaercss B Teuenue 1-2 MHHYT). OJydYeHHBIE
pe3ysIbTaThl 00CYKAIOTCSl C IO3MIMH MOJIEKYJISIPHOTO CTPOCHUS M MOPHCTOM
CTPYKTYPBI UCIIOJIB3yEMBIX HOOOMEHHHKOB MaTEPHAIOB.
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