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Bctyn

CuHTE3, NOCHIHKEHHS 1 BUKOPHCTaHHSA TIOPUIHUX OpraHO-MiHEpaNIbHHUX MartepiaiiB Ha OCHOBI
KpeMHe3eMy — 1€ rajay3b XiIMIYHOI'0 MaTepialo3HaBCTBA, IO IHTEHCUBHO PO3BUBAaEThCA. Ha moBepxHi
KpEMHE3eMY JIOCHTh JIETKO 3aKpPIllUTH Pi3HI opraHiuyHi MoaudiKaTopu; OpraHo-KpeMHE3EMHI MaTtepia-
M He HaOyXaloTh, BIAPIZHAIOTHCS BHUCOKOKO IBUAKICTIO MacOOOMiHY, BOJIOMIIOTh BUCOKOIO TEpMid-
HOIO Ta MEXaHIYHOIO CTIMKICTIO, MAIOTh BEJIMKI IMMTOMI ILIONII IOBEPXHI, € e)eKTUBHUMHU IIPEKYpPCO-
pamu T CTBOPEHHSI MaTepialliB 3 YHIKQILHUMHE BJIIACTUBOCTSMH Ta IIUPOKHM CIIEKTPOM 3aCTOCYBaH-
Hs: B copOmii [1-4], karamnisi [5,6], enekTpoximMiunoMmy aHamisi [7,8], ekcrpakuii [5,9] Ta xpomaTorpa-
¢ii [5,10]. dns 3akpiruieHHs] opraHidyHuX MoJu]iKaTopiB Ha TIOBEPXHI KPEMHE3EMHOI MaTPHUIli BHKO-
PHUCTOBYIOTH, IIEPEBAYKHO, TPX METO/U: a) HEKOBAJICHTHY iMMoOiTi3alito MoaudikaTtopa [11]; 0) koBa-
JICHTHE MPHINEIUICHHS MOAU(IKYyIOUOro peareHTy Ha MOBEPXHIO 3 MOXKJIMBOK HACTYITHOK XIMIUYHOIO
Moaudikamiero [12]; B) 301b-renb TEXHONOTIO [2,6,8], B OCHOBI SIKOT JIGKHUTH peakIlisi TIAPOITITHIHOT
MOJIIKOHIEHCAIlil CHJIOKCaHIB Ta OPraHOCHJIOKCAHIB y BOJHO-CTAHOIBHO-aMiayHOMY CEPEIOBHIII 3a
BIJICYTHOCTI UM y MPUCYTHOCTI TIOBEPXHEBO-aKTUBHUX pedoBUH (TeMIutatTiB). OcTaHHIA MeTOox Haii-
OLTBII TPUBAOIUBHIA Ta HAWIIBU/IINHI, OCKUTBKH J03BOJISIE KOHTPOIIOBATH MOP(OIOTIYHI Ta CTPYKTY-
pHI XapaKTepUCTUKU MaTepialliB, a BUKOPUCTAHHS TEMIUIATY JIA€ MOMJIMBICTh OTPHUMATH CHITIKATHI
MaTepiaid, 10 XapaKTePU3YIOThCsS BUCOKOI ITUTOMOIO MOBEPXHEI0, (PIKCOBAaHUMHU 00 €MOM Ta JiaMe-
TpoMm 1op. Lle mommproe BUKOpUCTAaHHS MaTepialliB y Mmporecax celeKTUBHOI copOIlii, KaTamisi, B sSIKO-
CTi ONTHYHHX 1 €IEKTPOXIMIYHHX CEHCOpiB. THIIOBI METOJMKU CHHTE3Y ME3OMOpYBATUX MaTtepiaiiB
BKITIOYAIOTH CTaJil pOpMyBaHHS MEPBUHHOI CTPYKTYPH, TiIpOTEpMaNbHy 0OpOOKY Ta BUAAJICHHS TEM-
iary.

Cepen opraHo-MiHEepaJIbHUX MaTepialiB, JOOYTHX 30JIb-I'eJlb TEXHOJIOTI€I0, MOIIMPEHOI0 BUKOPHC-
TaHHs HaOynau aMiHOBMICcHI opMocwiH [4,6,8]. AMIHOBMICHI OpMOCHIIM, OTpHUMaHi 06€3 BUKOPUCTAHHS
TEMILJIATY, XapaKTePH3YIOThCS HEPErYISPHOIO CTPYKTYPOIO Ta HMIMPOKAM DPO3MOJIIOM 332 PO3MIpOM
nop [2,8], o CyTTEBO BILIMBAE Ha IMBUAKICTh qUdy3ii B mopax Ta copOILiliHy €MHICTh MaTepiaiis, i,
SK HACNIZIOK, YCKJIAJHIOE TPAKTHYHE BUKOPUCTAHHA MaTepiaiiB. 30UIbIICHHS] TUTOMOI KOHIIGHTpALIil
3aKpITUICHUX aMIiHOTPYI YaCTKOBO BUPIIIYE JaHy MpoOJieMy, ajie B TOW K€ Yac MPHU3BOAUTH 10 301Ib-
HICHHS KUTbKOCTI BOJJHEBUX 3B’SI3KIB MIXK aMiHO Ta CHJIAHOJIBHUMH I'PYyIIaMy, a OTXKe, 1 10 GopMyBaHHs
OUIBIIIOr0 HAMIBIUKIIYHOTO KapKacy, Ik motpedye OLTBIIOro MicIsl B MOpax, HiK MpPU MEHIIIH Ki-
JILKOCT1 BOJHEBHX 3B’S3KIB, 1 THM CAMHM CIPHUSIOUN 3MEHIIICHHIO TUIONII TOBEpXHI MaTepiamis [13].

B pobori [6] BUBYaIM BIACTUBOCTI Ta CTPYKTYPY aMiHOBMICHHUX OPMOCHIIIB, OTPHMAaHUX i3 BUKO-
pHUCTaHHIM TeMIaty. MaTepianu xapaKkTepr3yBalKcs YIOPSAKOBAHOIO CTPYKTYPOIO, po3Mip mop OyB
y Mexax 3.6.-3.7 HM, ane MaTepiadd MajiH MOPIBHAHO HEBUCOKHIl BMICT aMiHOrpym (<2 MMOIb ).
MOXIMBICTh TOOYBaHHS MaTepiaiiB 3 BUCOKHM 3aralbHHM BMICTOM aMiHOrpym (>2 MMoib ') Gyaa
Mmoka3aHa aBTopaMu poOiT [14,15]. IIpore BUCOKa KOHIIGHTpAILIS aMiHOTPYIT 32 JAHUMH €JIEMEHTHOT'O
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aHaJli3y 3a BIACYTHOCTI KUIBKICHUX XapaKTepPHCTHK OCHOBHOCTI aMIHOTPYI HE JIO3BOJISIE 3pOOUTH BU-
CHOBOK TIPO peakIliifHy 3JaTHICTh YCiX IMMOOLTI30BaHUX aMIHOTPYI, a, OTXKE, 1 KUIBKICHO OIIHUTH
MOXIIUBICTB 1 palliOHATBHICTh BUKOPUCTAHHS OTPUMaHNX MaTepialib.

Sk Oyno 3a3Ha4eHO B MOMEPEHIX JOCTIKeHHX [4,8], KUTbKiCHA XapaKTepUCTHKA MPOTONITHYHIX
BJIACTMBOCTEH 3aKpIIUICHUX ai(aTHYHUX aMiHIB € HEOOXIIHUM €TaloM JOCIHIIDKCHHS (I3UKO-
XIMIYHHX BJIACTUBOCTEH OpraHoKpeMHe3eMiB. [IpoTONiTHYHI BIaCTUBOCTI 3aKpIMJICHUX TPYI BU3HA-
YaroTh IX peakiiiiHy 3JaTHICTh Ta CTIHKICTh YTBOPEHHWX HHUMH METaJIOKOMILIEKCIB 3ajexHO Bix pH
cepenoBuIa. 30HIyBaHHS HOBEPXHi aMiHOKceporenis ionamu H' (mobymoBa i3oTepm aacopOuii ioHiB
H") Ta xinbkicHuit (isuko-ximiunuii ananiz (KOXA) [12] 103B0NAIOTH 3HAHTH KiNbKiCTh BUJIB i CTe-
XIOMETPHYHHIA CKJIAJ] MPOIYKTIB Peakiliil y MPUIIOBEPXHEBOMY IIapi Ta KOHCTAHTH PIBHOBArd BiJIO-
BIJTHUX TIPOIIECIiB, i, THM CaMHUM, BH3HAYMTH HATPSMKH palliOHATBHOTO BUKOPUCTAaHHS MaTepiajib
JIAHOTO TUIY B SIKOCTi COPOCHTIB JJIsl OPraHIYHUX OapBHUKIB [4] 1 AK TIATPOPMHU JJIsi CTBOPEHHSI CEH-
COpiB Ha HeopraHiuHi i0HH [8] Ta Ha GIOJMIOTIYHO aKTUBHI PEYOBUHHU.

Meroro nanoi pobotu OyB CHHTE3 TOMOIMOPUCTHX aMIHOBMICHHX OPMOCHIIIB i3 BUCOKHM BMICTOM
aMIHOTPYII Ta BUBUCHHS BIUIMBY IPUPOJIM TEMIUIATY Ha CTPYKTYpPHi, MOpPQOIOTiyHi Ta copOIiiiHi Bia-
CTHBOCTI MaTepialis.

ExcnepuMeHTasnbHa YacTUHA

<boe~ge j_ Ztergabboxcucunan (TEOC), 3-aminonpomnintpuerokcucuian (AIITEC), ueru-
atpumerrnamonid Opomin (LITAB), narpiit nogeumncynsdar (HAC) (Bci Merck, >98%), eranon i3
BMICTOM OCHOBHOI pedoBHHH 96% (/lyOOB’s31BChKHII CIMPTOBHI 3aBOj, YKpaiHa), aMOHIH aieraT
(CH3;COONHy), consna xucnora (HCI) i kamiii HiTpat (KNOs) (Bci Peaxim, Pocis, 99%), auctunbo-
BaHa Ta OlIMCTHIILOBaHA BO/Ia. PeakTHBY BHKOPHUCTOBYBAJHCS 0€3 MOMEpETHbOr0 OYHIICHHSI.

Po34nH COMSIHOI KHCIOTH roTyBaiy 3 pikcanany. Posunn KNO; 3 komientpamuiero 0.1 momb 1™ ro-
TYBaJIM [IUISTXOM PO3YMHEHHSI HABKKHU COJII B OIIMCTHIILOBaHIN BOJII.

Kbgl_a fZI|_jeM®repian 1 cunresyBaam 3a MomudikoBaHow mpoueaypoio [14]: 1.77
LTAB po3umHsiid B 25 MJI €TaHONy, MOTiM oxHodacHo nogaBaiu 1o 4 min TEOC i AIITEC npu no-
CTIHHOMY TIepeMilllyBaHHi 3a HeBenrKoi mBuaKkocTi. Yepes 10 XB. mogaBanu 8 M AUCTHILOBAHOI BO-
I 1 TIPOJIOBXKYBAJIHM MEPEMIIlyBaHHS NpOTAroM 1 ron., nogarouu koxHi 15 xBumua no 0.25 mu HC1
(0.1 mMomb 1), OTpuMaHy peakiiiiHy cymiur 3aiumand Ha 24 TOIMHH y 3aKpuToMy Orokci. Jlani mo-
pOLIOK BiAdIIBTPOBYBAM HA BOPOHIlI broxHepa 1 mpoMuBanu eTmioBuM ciuptoM (5-7 mi). Excrpa-
ryBauHs LITAB 3 MaTepiainy NpoBOIWIN MiIKUCICHUM PO3YMHOM eTHUiIoBOro cnupty (90 mi eranory
ta 10 it HCI) 3a momomororo 3BopotHoro xonoauiabHuka mpu 90°C npotrsrom 10 roa. OxomnomkyBa-
JIM TIpY KIMHATHIN TemIiepatypi, Marepiai BiidiIbTpoByBaJid Ha BOPOHII BroxHepa, mpoMUBaIM Jvc-
THUJIBOBAHOIO BOJOI0. BHCyIyBaHHS TIPOBOAMIIM B MIKPOXBHIILOBIH 1edi mpoTsiroMm 10 XB mpH mMoTyx-
HocTi BunpominioBanHs 70 Br, motiM 5 XB 1pu MOTY>KHOCTI BUnipoMiHtoBaHHs 150 Br.

Marepian 2 Oyno oTpuMaHo 3a 3MiHeHO Metoaukoro [15]: 0.79 r HC pozumnnsimu B 40 mi uc-
THJIBOBAHOI BOIU MpH Temriepatypi 60°C, moTiM NmpH MOCTIHHOMY TepeMilllyBaHHI JogaBaid 4 Mi
AIITEC, gepes 2 xB. — 4 mi TEOC, gepe3 10 xB. — 8 mur auctunboBanoi Boau (20°C). Bnpomosx 30
XB. peaKliifHy cymil nepemimyBanu, nai gonapanu asa pasu no 0.4 mn HCI (0.1 momb 17') xoxkHi 5
XB. 1 IpoJIoBXKyBaH mepemimyBaty me 30 xB. OTpUMaHy CHCTEMY 3aJIMIIATH Y 3aKPUTOMY OIOKCi Ha
24 ron. [ani mopomok BiadinbTpoByBadl Ha BOPOHII BroxHepa Ta MpOMHUBANN JAUCTUIHOBAHOIO BO-
noto (5 mu). Bumusanus H/IC 3 matepiany Ta BucynryBaHHs oTpuMaHoro Matepiany 2 MpOBOJIHIIH 32
MPOIIeypoOIo, aHaJoriyHo Matepiany 1, B IKOCTI eKCTpareHTy BUKOPUCTOBYBAIIM PO3UWH, IPUTOTOBA-
HUH IIISIXOM 3MillyBaHHS 72 MJI €THIIOBOIO ciupty, 28 Mt quctuiaboBanoi Boau i 2 r CH;COONH,.

>hkee”” _ggy kljmdIimjb 1Z \eZklb\hjkl]_oce/kdf etphnhkas i3orepm amcop6-
1ii-gecopOIIii piIKoro a3oTy Ha IOBEPXHI aMiHOkceporemiB npu 77.3 K BHKOpPHCTOBYBajM amapaT
Nova Station B (Quantachrome Instruments, CIIIA). [lepen mpoBeneHHsIM €KCIIEPUMEHTY MOBEPXHIO
MaTepiajiB OYMIIyBalK Bij copOoBaHuX rasiB npu 353 K nporsrom 4 rox. [Tutomy miomy noBepxHi
MatepianiB po3paxoByBanu MeronoMm bpynayepa-Emmera-Temnepa (BET) [16]. Cepenniit po3mip mop
MaTepiaiB MpUMaId PIBHUM IOJOKEHHIO MaKCHMyMYy KPHBOI PO3IMOALTY 32 pO3MIpaMH TOp, SIKY
pospaxoByBanu MeronoM bappera-/Ixoiinepa-I"enenmu (B [17], BAKOPUCTOBYIOUH SIK BUXi/IHI IaH1
130TepMy aacopOIlii PiIKOro a30Ty Ha MMOBEPXHI.
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3a JI0MOMOTOK0 CIIEKTPOCKOIIIT S1ePHOr0 MarHiTHOro pe3oHancy s isoromis °C Ta ’Si (CP/MAS
SMP) npu BukopuctanHi cnekrpomerpa AC300/P (Bruker, CIIIA) Bu3zHavanu eeKTHBHICTh BUIA-
JNeHHs TeMiaty 3 nop matepianiB. "C CP/MAS CHeKTpH BHMIpIOBAIM TP BUKOPHCTAHHI YaCTOTH
iMITyZIbCY 3 4aCOM KOHTaKTy 4 Mc, iHTepBan Mixk imMmysscamu 1 ¢. Criektpu ~’Si CP/MAS orpumyBaiu
MPH BUKOPHCTaHHI YaCTOTH IMITYJIbCY i3 4aCOM KOHTAKTy 3 Mc, IHTepBajl MiX iMmyibcamu 2 c. Ana-
MaHTaH i KaOiHIT BUKOPHCTOBYBAJIH SIK BHYTPIlIHI CTAHAApTH [UIsl XimMiuamx 3cyBis °C Ta *’Si.

JI1s 30H1yBaHHS MOBEpXHi MaTepianiB ionamu H' BuKopucTanu MeTon pH-MeTpuuHOro THTpyBaH-
Hs1. [lns Bu3HayeHHs pH po3vrHIB BUKOPHUCTOBYBAHM XiMi4HE KOJIO 3 IEPEHOCOM: CKIISTHHH €TIEKTPO/T
i3 BomHeBoro ¢yHkmiero EC-10603, xmopcpibuuii enexrpos mopisHsHHS EBJI-1M3 (06uasa XimJla-
O6opPeakTrB, Ykpaina) Ta conbOBUI MICTOK, 3anoBHeHHH HacudeHUM pozurHoM KNO; B arap-arapi.
3nauenHs pH peectpyBaiiv 3a nomomMoror JjiaboparopHoro ioHomipy U-160 Mu (M3mepurenbHas
Texnuka UT, Pocis). ['pamytoBanHs ipuiiaay TpOBOIWIN 33 CTAHIAPTHUMHU Oy(QEepHUMH PO3UMHAMH 3
ToyHMM 3HadeHHsM pH. OmiHka cTaHAapTHOrO BiaxuieHH BUMipsHuX pH cranoBuina 0.02. Bennunna
cycnensiiinoro e ekry He nepesuirysaia 0.1 pH.

[MomepenHi mociKeHHs MOKa3aly, 10 TPUBAJIICTh BUMIpIOBaHHS — MiHiMyM 30 XB. — 3a0e3meuye
OTpUMaHHs piBHOBaXHHUX BenndyuH pH (B iHTepBami 2-9) po3unHiB micis A0AaBaHHS YeproBoi Mmopiii
posuuny HCI. 3onmyBanus mopepxHi Martepianis iomamu H' mpoBomumu meronom pH-merpuunOro
TUTPYBaHHA TpH TemmepaTypi 25°C Ta npu ioHHi# cuii posumuis (0.1 — 2)-107 mompb 1. Touwi
HaBakkn MatepianiB (0.05 r) cycnennyBanu B 20 M1 po3udHIB (JOHOBOTO €IEKTPONITY 1 TUTpYBaIU
0.1 momb-1”" posumrom HCL. Cycrensii GesnepepBHO TepeMilyBany Ta HiATPUMyBaTH poOOUY TeM-
MepaTypy CHCTEMHM 3a JONOMOrorw Mimanku 3 HarpiBHuM enemeHToM RCT IKAMAG (IKA, Himeu-
yrHa). Bennunau ancopOiii po3paxoByBalu sIK
M ~9 (1)

I:)V

ne C; u [H'] — mouatkoBa Ta piBHOBaXkHa KoHIleHTpauii ioniB H (Mons n™"), Binnosinmo; V — 06’em
po3uuny (J1); mg — Maca copOeHTy (T).

MogaenroBaHHs COpOLIHHUX TPOLIEciB MPOBOAMIN 3 BHUKopHucTaHHsM nporpamu CLINP 2.1 [18].
Jiist po3paxyHKy KOHCTAHT MPOTONIITHYHUX PIBHOBAr MOXKHA 3aCTOCOBYBATH JIEKUTbKa MoJIeNei: i1ea-
TBHOT afcopOuii (piBHSIHHS i30TepMu JIeHrMiopa), XIMIYHHX peakiliid, eHepreTHYHoT HeOJHOPITHOCT1
abo monigenTatHoro 3B’ a3yBanHs (MII3). Sk Oyno mokazaHo B po0OTi [2], ocTaHHS 3 IepepaxOBaHUX
Mojenei [1] Hamae HalOUTBII 3MICTOBHY 1H(OPMAIIIIO PO 0COOIMBOCTI MPOTOHI3AIIT aMiHOTPYTI, IO
iMMOO1Ti30BaHI B CKJai OpMocriy. ToMy ISl OMKCY eKCIEPUMEHTANBHUX JaHUX BUKOPHUCTOBYBAJH
caMe 1[I0 MOJIeJb Ta BiIOBIIHI po3paxyHKoBi 3acodu [1,2]. Bukopucranus MII3 Hamae MOXIIUBICTD
BUSIBUTH Ta KUTBKICHO OMHCAaTH €(EeKTH KOOIMEepaTHBHOCTI, O BIUIMBAIOTh HA MPOTOHYBAaHHS aMiHO-
rpym. B Momeni momiieHTaTHOTO 3B’ 3yBaHHS IMOBEPXHIO aMiHOBMICHOTO OPMOCHITY PO3TIISIAIOTH SK

T

aHCcaMOJIb HE3AISKHUX COPOIIHHUX MEeHTPiB 4 _, KOXKEH 3 SIKUX MICTHTh Z aMiHOTPYII, a 3B’ I3yBaHHS
ionis H™ peakuiffiHuMu HeHTpaMy OMUCYIOTh SK CTYNiHYaTHii mporec (puc. 1), 0 XapaKTepu3yeThes
7 KOHCTaHTaMH PIBHOBard . (L:) ,1=1,2, ... Z. [ig KOXXHOr0 BUIPOOYBAaHOTO 3HAUEHHS PO3MIpPY

MOJIIEHTATHOTO [[EHTPY KOHCTAHTH PiBHOBATH PO3PaxOBYIOTh, MIHIMI3YIOUH KpUTEpialbHUN (HyHKIIi-

1
jha d S .
onan F I Z, 1T, T ja , Je N — KUIBKICTb €KCIIEPUMEHTAIBHUX TOYOK, CTATUCTHYHI Baru

€KC
1

Z, U/(T,"V,), V —BimxocHe cranmapTHe BifXWJICHHS 3HAYCHHS T (B wiit pobori V|, npuiima-
mu piBHEM 0.1).

SIKIIO crpaBeuTBa HEPiBHICTH F,(5%), ne f=N - Z — uncio cTymeHiB cBoGOIM, MOJETb

eKc
BHU3HAIOTh aICKBATHOIO CKCIIEPUMEHTAJIbHUM JaHUM.

[HmmM BaxkueuM napamerp MII3 € nmuToMa KOHIIEHTpAIlisA COPOLIIMHUX LIEHTPIB @ tQ /7, ne

to — MUTOMAa KOHIIEHTPALlis BCIX aKTUBHUX aMiHOTPyI (eeKTUBHA COpOLiiiHA EMHICTB).
EdextuBHy copOuiiiHy €MHICTh, BU3HAUEHY 3 JIIHEAPU30BAHOTO PIBHSHHA i30TepMmu JIeHrMmiopa

tQ , CIiJ] pO3IIISIaTH JIMIIE SIK TIOTEPEAHIO OIHKY. [l OUIbIn 00 EKTHBHOTO PO3PaxXyHKY to BUKOPH-
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crami Taky mpouenypy [19]: a) Bapirosanu to B imrepsani 0.5 1o to 1.5 o i mms xomworo
Q Q

BUIPOOYBAHOI'O 3HAUCHHS to BU3HAYAIH /?Kc; 0) cepen BUNPOOYBaHUX to OOMPAIH Ti, BUKOPUCTAHHS

AKHX 3a0e3IIedye aJeKBaTHE BiATBOPEHHS GKCIIEPUMEHTaIbHUX HaHuX ( F 4, /%2 ); B) 3HAXOIH-

JIM CEepETHhO3BAKEHY OI[IHKY Q SIK

U @)

j 1 1
! : ( CKC)j
il

1
T i ( CKC)j
1

ne J — KUIbKIiCTh 3Ha4YeHb to, A1 SIKUX 3HAalAEHO agekBaTHi Moneni. OTpuMaHe 3HaYeHHS t, BHKOpH-

CTOBYBAJIM JaJTi JJIs1 PO3PaXyHKY OCTATOYHMX OLIIHOK CTYIIHYATHX KOHCTAHT IMIPOTOHI3AIlIi aMIHOIPYII.

+
—NH:, —MN H 4
E[H
+ —*1
REEREEY + H —_— ek
_NHE ——MNH,
+
_NHJ N R
g (2
P + H ™ AR
&
_I".IH2 N R

J b k m g h@nuc nporonizariii iMMOOLTI30BaHNX aMiHIB MOJIEIITIO TOJiICHTATHOTO 3B 83yBaHHS mpu Z=2.

I3 pesynbratiB 3acrocyBannas MII3 nerko orpumarty iHQOpMAILifo PO HASBHICTD 1 XapakTep edek-
TiB KOOIMEPAaTUBHOCTI. 3a iX BiJICYTHOCTI 3B’SI3yBaHHS YaCTUHOK cOpOaTy KOKHHUM IICHTPOM Q_z OIH-
CYEThCSI €IMHOIO XapaKTEPUCTHUYHOI KOHCTAHTOI PiBHOBArd. Toji BiTHOLIECHHS CTYIIHYACTUX KOHC-
TaHT PIBHOBaru Kle) / Kfz) JIOPIBHIOIOTH CTATUCTUYHUM (akTopam [1]

. (= Lb(Ly 5
‘ (= 1)

o . . Z Z . . cu
IIpy no3uTHBHIM KOONIEPATUBHOCTI BIAHOLIEHHS Kf ]) / Kf ) Ginbure 3a < Togi K IIpY HEraTUBHIN

KOOIIEPATHBHOCTI Ki(z]) / Kfz) Y.

Pe3ynbTaTh Ta ix 06roBopeHHs

[3oTepmu copOrtii-necopOirii pigkoro a3oTy Ha MOBEPXHI MaTepiaiiB mpeicTaBieHi Ha puc. 2. s
000X JOCTIKEHUX MaTepiaiiB i3oTepMmu BigHocAThes a0 I, V TumiB i30Tepm 3a kiacudikaiiero
ITUPAC [20]. Taki i30oTepMu XapakTepHi IJisi copOIii Me30mopyBaTUMH MatepiaiaMd MPH CHIIbHUX
B3aEMOJIISX aJcopOeHT-aIcopoar.

HasiBHicTh meTiIi TicTepesicy B i30TepMax copOILii-1ecopOIlil € HACIiIKOM KaniIsipHOT KOHICHCAIIIT,
1110 00YMOBJICHA TIOPUCTOK CTPYKTYPOIO copOeHTy. [l mociipkeHux MatepiaiiB (puc. 2) He CrocTe-
piraeTbest JOCSTHEHHS MEXK1 HACHYCHHS MTPHU HAHBHUILOMY 3Ha4YeHi p/p°, TOMY THIT KPUBOI TiCTEpPE3UCy
BimgHOCHUTRCS A0 Ty H3. s moniOHMX MaTepiaiiB XapakTepHi arperaTd IaCTHHYACTHX YaCTHHOK,
110 MOPOJKYIOTh MIUTHHOMOAI0HI opu [20].
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J b km g hldorepmu cop6riii-aecop6uii piakoro azory npu 77.3 K Ha nmosepxui Marepiany 1 (A) ta

Marepiany 2 (b). Bcraieni pucyHKH: BIAMOBIIHI PO3IMOMLIHN 32 pO3MIpaMH TOP VIS MaTepiajiB

PospaxoBana 3a MeronoM BET muToma momma noepxui Marepiany 1 ( 6, = 17+2 M* r'') 3Ha4HO
HIDKYa, HiK 118 Marepiany 2 ( Gy = 176£5 M ). Taka pi3HHIS y 3HAYEHHAX IMMTOMOI TIOBEPXHi
00yMOBIICHa, Ha HAIll MTOTJISA], PI3HOK XIMIYHOIO MPHUPOOI0 TEMIUIATY, IO MO3HAYAETHCS Ha (HOpMY-
BaHHI KapKacy MaTpuIli MaTepiaiy mijg 4ac cuaredy. [Ipu nodysanni Matepiany 1 BukoprcToByBasiacs
ITAP, 3 xaTioHHUMH TiapOoITLHUM TpyNaMu, SKi 3aBJISKU CIEKTPOCTATHUHIN B3a€EMOIIT i3 ClTaOKOKHC-
mume critaHonbHUME Tpynamu (HO-Si~) KpeMHIHBMICHHX peareHTiB, 3yMOBIIOBAIN YTBOPEHHIO CH-
JIOKCAaHOBOTO KapKacy, OPIEHTOBAHOTO CHJIAHOJNBHWUMH IpynaMu HaBkono arperatiB [1AP. Ilicns Bu-
MUBAHHSI OPTaHIYHOTO TEMIUIATYy, YTBOPEHI MOpPH CTaBaJd HACHYCHHMHU CHJIAHOJIHHHMH TPYIIaMHU.
AMIHOTIPOMIBHI paJMKald PO3MIIIYBAIMCS XaOTHYHO 1 Ha JESIKHX JIUITHKAaX YTBOPIOBAM BOJHEBI
3B’SI3KH 3 CHJIAHOJNBHHMH TpyNaMH, 30UTBIIYIOYH PO3MIp Kapkacy, a, OTXKe, 3MEHIIYIOYH TTHTOMY
rtonry moBepxHi [13]. TIpu cunrte3i Matepiany 2, ne BukopucroByBanacs [1AP 3 anionHoto rifpodi-
JILHOIO YacTUHOIO (CyNb(orpyroro), kapkac OyaysaBcs iHakine. Ci1aOKoyKHE CepeIOBHILIE, SIKS IijI-
TpumMyBanu fgoaasanHsaMm HCl no peaxiiifHOT cucTeMu Till Yac CHHTE3Y, CTUMYJIIOBAIIO ENIEKTPOCTATH-
4yHy B3aeMoito cynbdorpynu anionnoi [TIAP 3 aminorpynoto AIITEC, B pe3ynbraTi 4oro yrBoproBaB-
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Csl CHJIOKCAaHOBHI KapKac, OpIEHTOBaHWH aMiHONPOMIILHUMH IpyliaMu HaBKoJo arperatiB [TAP [21].
VY naHOMy BHIAJKy KUTBKICTh OpPraHiYHUX PaJWKaliB, IO PO3MIIIYIOTHCS XaOTHYHO, 3HAYHO MEHIIA,
a, OTXKe, 1 MCHIIIE BOJHEBUX 3B’SI3KiB, SIKi MPU3BOAATH JI0 30UIbIICHHS KapKacy Ta 3MEHIICHHS TUIONI
MTOBEPXHI.

Ha puc.2 HaBeneHo po3paxoBaHi 3a MeTonoM B/II" po3monian mop 3a po3MipaMu JjIsl KOXKHOTO i3
MatepianiB. s 000X mMarepiaiiB, HE3aJIEKHO BiJ MPUPOAN TEMIUIATY, CIIOCTEPIraroThesl BY3bKi Po3-
nojiny 3 mentpamu npu 3.6 (Marepian 1) ta 3.3 am (Marepiain 2), o BKa3zye Ha MOHOJUCIIEPCHICTD
MaTepiaiiB 3a po3MipoM mop (y BHUIAIKy aMiHOBMICHOI'O OPMOCHITY, OTPUMAaHOro 0e3 BUKOPUCTAHHSI
TEMILIATY, PO3IIOALT ITOP 32 PO3MIPOM € IIMPOKHUM [8]).

Cryninp BumuBanHS IIAP 3 MarepialiB MOXHa SIKICHO OI[IHHTH 3 XapaKTepHHX CHTHamiB y “C
CP/MAS SIMP cniektpax 000x MaTtepiaiiB (puc. 3).

0 o 4 g 8 10 12 b
+ O\g/o\/\/\/\/\/\/

Na 7" 9" 11"

-
e
a

ppm ppm

J b km g h'dC CP/MAS SIMP cnextpu Matepiany 1 (A) ta Matepiany 2 (B); B ctpykryprux dopmynax LITAB (A),
HJIC (Bb) Ta y-amiHomporiay npoHyMepoBaHi aTOMH KapOoHy.

KinpkicHo oxapakrtepu3yBaTu yactky [IAP, mo 3anummnmcs B mopax, BaKKO, OCKUIBKH YaCTHHA
curnanis s atomis “C monekyn ITAP cniBnajae 3 curnanamu atoMis ~C aMiHONMPOIIIBHOTO PajIy-
xany. Jlani o xiMiuaum 3cyBam atomis °C amionponinsHoi rpynu [8,22] HaBeneno B Ta6mumi 1.

Ananiz °C CP/MAS SIMP crekTpiB 103BONSE CTBEPKYBATH, 110 MEBHA YACTKA TEMILIATY TIPUCY-
THSI B TIopax 000X MatepiainiB. Lle, TOJMOBHIM YMHOM, MOJIEKYJIH, OJIOKOBaHI CHJIOKCAHOBOIO MAaTpH-
1e10, AKi 3MIiHIOIOTH XiMiuHi 3CyBH JuIst aToMiB ~C aMiHONpPOIIIBHOTO paHKally, ajle IPaKTHIHO He
BILIMBAIOTh HA BIACTHBOCTI IIPUTIOBEPXHEBOTO MIAPYy aMiHOBMICHMX OpMOCHIIB [23].

Ximiuni 3cyBu (puc. 3A) o-, -, y-aTomis °C y Marepiani 1 3mintyiorscs Ha 7 ppm B 0671acTh Ci1a-
OKHX TIOJTIB MOPIBHSHO 3 AHAJIOTIYHMMH XiMiYHAMH 3cyBaMu aToMiB "C HEBIOPSAIKOBAHOTO aMiHO-
BMicHOTO opMocuiy [8]. Ockinbku XiMivHi 3cyBH atoMiB Cs — Ci4 [24] yacTKOBO cHiBNa1atoTh i3 3Cy-
Bamu Cp, BOHM 3HA4HO MiJCHJIIOIOTh CUTHAJI, i IHTEHCHBHICTh CHTHAIIIB O-, -aTOMIB Mailxe oHaKoBa,
TOZI SIK B MaTepianax 3a BiAcyTHicTio IIAP y mopax iHTEHCHBHICTh cUTHaIIB Bif aToMmiB Cg MeHIIe
[8, 22]. Jlenp nomiTHI ximiuHi 3cyBH Big atoMiB Cy, Cs, Ci, Ci7 (a B TIOPIBHSHHI 31 3cyBaMH aTOMiB
Cs — Ci4 BOHH cepefiHbOI IHTEHCHBHOCTI [24]) BKa3yloTh Ha HeBenuKy KinbkicTh LITAB, mo He BuMu-
Bcs 3 Matepiainy 1.

HasiBHiCTh BY3bKOI CMYI'HM iIHTEHCHBHOrO curHany (puc. 3b) npu 23 ppm (110 BiANOBiIa€e 3¢yBam
atomiB Cy» — Cyr [25]) BKa3ye Ha 3HA4HO OUIbIIY KinbKicTh [TAP y Marepiami 2, nix y Matepiani 1.
Ha Binminy Bin Marepiany 1, y Bunmaaxy Marepiany 2 Ximiusi 3cyBH o-, -, y-aTomis “C 3MiIryroThcs
Ha 9 ppm B 00J1aCTh CHJILHUX IOJIIB TIOPIBHSHO 3 aHAJOTTYHIUMH XIMIYHUMH 3CYyBaMH aTOMIB KapOOHY
JUTsl HEBITOPSAKOBAHOT'O aMiHOBMICHOTO opMocHiTy [8]. BiiHOCHI MOIOKEHHS Ta IHTEHCHBHICTh CUTHA-
JiB, a TaKOXK X (opMu ISt BCiX TPHOX aTOMiB KapOOHY aMiHOMPOIUIBHOTO paaukany y Matepiamni 2
nofiOHi, SIK 1 y BUNIaIKy 3 MaTepianamu 3a BijcytHictio [IAP B mopax [8,22].
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L Z [ e b p yXimiuni 3cyu atomis *C B y-aMiHOIPOIi/IbHIl TpyIIi.

a-atom “C & (ppm) | p-atom C & (ppm) | y-atom °C & (ppm)
Marepian 1 19 31 52
Marepian 2 3 15 36
AMiHOBMiCHHIT OpMOCHT' 12 24 45
KpeMHe3eM 3 IpUIIErIeHO0 Ha TOBEPXHIO
. . 2 10 21 43
JaMiHOMPOMIIBHOK TPYIIOK

Martepian orpumano meromoM riaponituunoi nmonikoraeHcanii TEOC i ATITEC 6e3 BUKOPUCTaHHS TEMIUIATY

[3];

2 . o .. -
MoaudikoBanuii kpeMHe3eM OTpUMaHo MeToaoM XiMiuHoi mpuBuBKU ATITEC Ha moBepxHio kpeMHe3emy [22].

»Si SAMP-cniekTpockoris Oyina 3acTOCOBaHa JIs MATBEPKCHHS HassBHOCTI 3B’ 513Ky ~Si—C-, TOOTO
IUIsL I0Ka3y TOro (axTy, 10 YMOBH BUMUBaHHS [IAP He mpu3Benu 10 BUAAJICHHS OPraHiqHOr0 MOJIH-
¢dikaTopy 3 KpeMHE3eMHOI MaTpHIl, a TaKOX JUIsl PO3paXxyHKY MOIBHHX YacTOK KPEMHIHBMICHUX
¢dbopM y 100yTHX MaTepiaiax.

*Si CP/MAS SIMP criextpu (B faHiii poGOTi He HaBeeHi) BKa3ylOTh HA IPHCYTHICTh BOX Pi3HUX
rpyn atomiB Si. Ilepma — me rpymna atomiB, IO CKJIaJalOTh OCTOB MATpPHII: CHJIOKCAHOBI IPYIH
[Si(OSi)s], 1i3omboBani cumanonbpHi Tpynmu [Si(OSi);OH] Tta remiHanbHI CHIAHONBHI TpyNH
[Si(OSi),(OH),]. lo apyroi rpynu aToMiB BiTHOCATHCS KPEMHIABMICHI YyIpyIOBaHHS, 3B’ sI3aH1 XiMiu-
HUM 3B’SI3KOM 3 aToMaMu KapOoHy Y-amiHomporniuisHux 3anumkis ([(C,Hs)H,CSi(OH)(OSi),] ta
[(C,H5)H,CSi(OSi)3]).

3a *Si CP/MAS SIMP crekTpaMu po3paxyBaly MOJbHI YacTKH pi3HHX (GopMm Si B MaTepianax
(Tabauus 2).

L Z[e b p Womphi yactku ( D %) pisaux dopm Si B Matepianax 1 Ta 2

[(CHs)H,CSi(OH)(OSi),] | [(CoHs)H CSi(OSi)s] | [Si(OSi),(OH),] | [Si(OSi);O0H] | [Si(OSi)s]
Marepian 1 18 29 9 16 28
Marepian 2 20 23 4 18 35

Hu3bky KOHIIEHTpAIiI0 TeMIHATBLHUX CHIIAHOJIBHHX TPYIT HA TIOBEPXHI aMIHOKCEPOTelliB MOKHA T10-
SICHUTH IXHBOIO EBOJIIOIIEI0 3 YACOM Y CHJIOKCAHORBI Ta 130JIbOBaHI CHJIAHOJIbHI TPYIH, SK OYyJI0 IMOKa-
3aHO B poOoTi [26].

Oninkyu edeKTUBHOT COpOIIMHOT EMHOCTI, BU3HAUCHI 3a JIiHeapi30BaHUM PIBHSIHHSIM 130TepMu JIeH-
rMIOpa, CTaHOBWIHM i Matepiani 1 ta 2 1.45 ta 1.59 MmMonb r'], BIZIIOBIIHO.

BukopucranHst Mojieli OMIIEHTaTHOTO 3B’s13yBaHHA 3 Z = 1 He 3a0e3Meunio Onmucy eKcriepuMeH-

TaJTbHUX JAHUX Y MEKaX eKCIIEpUMEHTAILHUX MOXHUOOK: MiHIMalIbHI 3HAYCHHS /?Kc (109 Ta 119, Bin-

MOBIJHO) 3HAYHO MEPEBHUINYBATH KPUTHYHE 3HAUCHHS /%2 1, (5%) 21. HemoxnuBicTs 3acTOCyBaHHS
MOJIENTi MOHOZIGHTATHOTO 3B sI3yBaHHs BKa3ye Ha HeijeanbHUil XapakTep ajgcop6uii ionis H', a, omxe, i
HA 3HAYYIICTh epeKTiB KOONEpaTHBHOCTI. AJIEKBATHOTO BiITBOPEHHS KpUBUX pH-MeTpuyHOrO THT-
pYBaHHS BAAJIOCS JOCATTH MPH BUKOPUCTaHHI MOJIENi O1IEHTaTHOTO 3B’ sI3yBaHHs. 3HaIEH] eeKTHB-
Hi eMHOCTI 000X MaTepiajiB BigHoCHO ioHiB H' i morapudmu cTymiHYacTHX KOHCTAHT MPOTOHYBAHHS
aminorpyn Hasezieno B Ta6mumi 3. Ha pisnoBaru cop6uii ionis H' mMaTepianamu BIMBaroTh edekTu
HEraTHUBHOI KOOIIEPATHBHOCTI: MPH TEOPETHYHOMY 3HaueHHI Y| = 4 BiJIHOLIEHHS CTYMIHYACTHX KOHC-
TaHT K(zz) / ng) craHOBNATH 11 Matepiany 17107, a s Marepiany 2 — 6 10°. OcHOBHICTb aMiHO-
rpyn y ckiani Matepiany | HibKYa, HK OCHOBHICTh TakuX rpyn y Marepiaini 2.

L Z[e b p Vilapamerpu Mozerni 6iIeHTATHOTO 3BsA3YBaHHS.

T - 2 2

tQ ’MMOHBFI lg " ](2) lg " ;2) K2 /Kl €KC ﬁf]](s%)
Marepian 1 1.45 6.72 10.06 | 4.57 r0.06 0.007 19.5 19.7
Marepian 2 1.57 7.26 10.06 | 5.06 r0.06 0.006 15.6 '
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3a pe3ynbraTamMy MOJEIIOBAHHS PO3paxyBalii 3aJIeKHOCT1 CTYIEHIB YTBOPEHHS XIMIYHUX (OpPM Ha
MMOBEPXHI MaTepiaiiB Bix 3HaueHb pH po3uuHiB (puc. 4).

[Li]
[Q.] [HQ,] [H,Q;]

ne [L,] — piBHOBakHi kKoHueHTpartii Ximivaux gopm Q,, HQ, uum H,Q3

ul 00%, “4)

1

o, %7

1()0-*——777~~XH2Q§+ — Q, -
o HG Lr
80 4 ‘ /
/
60 -
40 - /
204 //
] 4
N =
-—
2 3 5 6 7 8 9

pH

J b km g h@ryneni yrBopennst XxiMidaux Gopm Ha moBepxHi Matepiany 1 (myHKTHpHI JiHiT) Ta Martepiaiy 2
(cyminpHi JiHiT).

Toli dakr, Mo 3HaYHA YacTKa iIMMOOLITI30BaHUX aMiHOTPYII 3AIHIIAETHCS MPOTOHOBAHOIO HABIThH Y
HEHTpaabHOMY cepenoBHilLli (puc. 4), yka3ye Ha IEPCIECKTUBHICTh BAUKOPUCTAHHS OTPUMaHUX MaTepia-
JIB 77151 copOIii aHIOHHUX OapBHHKIB.

BUCHOBKM

[opiBHSHHS CTPYKTYPHHUX XapaKTEPUCTHK JBOX aMIHOBMICHHX OPMOCHIIIB, OTPHMaHUX 3a 30JIb-
relb METOJIOM MPH BHKOPUCTAHHI B SIKOCT1 TEMILIATIB MOBEPXHEBO-aKTHBHUX PEYOBHH, MOKA3YeE, M0
XIMiYHa TPUpPOJIa TEMILIATY BIUIMBA€E HA 3HAYEHHSI TUTOMOI TUIOIII MMOBEPXHiI MaTepianiB: Marepian 1
Ma€ 3HAYHO MEHIIy THTOMY ILiouty mosepxHi (17+2 m° 1), mixk Marepian 2 (1765 M> r''). Cepenniit
po3mip mop y o0ox marepianiB Mmaibke omHakoBuil (3.6 Ta 3.3 HM, BignosigHo). O0oM Martepiaiam
BJIACTHBI BY3bKi PO3MOJIIN MOP 32 PO3MIpaMH, IO BiAPi3HAE iX BiJ HEBMOPSAKOBAHMX aMiHOBMICHHX
opMmocuitiB. OCHOBHICTh aMIHOIPYN y CKIaJl TOCHIIKEHHUX OPMOCWIIB HIKYE OCHOBHOCTI H-
MPOMiJIaMiHy Y BOJHWUX PO3YMHAX; MPOTOHYBAHHA aMiHOTPYI MiJ BILUTUBOM e(eKTiB HEraTHMBHOI
KOOITEPaTHUBHOCTI.
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L . sSOWjiss, R. . medhlsjiSs, d. ¢. JoE0tdjo0, ¢. 1. J0bk jtj2dsuse, 5. 1. metds. Jedvkd,j fedesHr
s jsYzOLO GO fistelSlsttek T j, dseEWatsedyinSd d hsteydsttr j hos2hse0 stdshdiss f dBkEEdEdLEa0kE  Bd
O e el

JiltsHisds Lsza-6 i Mo ) s Lse0hd.ids Sobdstases d Odsises I fdts jLdese0bs HoO -
dshz0, O jed0t 1  JOlsjedd 2, f) ZH ji1dr &d isPOHWHd e jisrtishisd 1782 o 176N5 6 ¢* f fitsjH-
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Brumue npupoan TeMIuaTy Ha CTPYKTYpHi, MOPQOJIOTiYHI Ta COpOIiliHiI BIACTUBOCTI OPMOCHITIB. .

HEZw _JOkjedOt0 1, Yk HEW g0k jiedok0 2. MeshistzdsdujfiS t0atseind™ f yomsdid dhdsadidLse0h-
G OdseektY Hiv sBsAR GOl jiedOkse OHCo0kEs SYdh a0, il BEHz! BOH jHsOESHS how ro0kdv. -
ot Oddiseeryy o fshsOsj JOkjiedok0 2 Bz j, jd Shisekshs! Oddisdezyy & FOkjtdoto 1;
Hlesbstdsa0td OhdsdErt SesdR ¢k jedorss YiesdhisHds g okdvadd AWW jSkse Stdyos jidE2
Csstf.jeOlscfotshisd.

Dexg\u_ ke h\XEjhyeos, sthshdk, BdHjis0ks_j HewL o0, WWW k" Csstjtolsdotshisd.

J- S. Tkachenko, I. V. Khristenko, ¢. ¢. Mikhraliieva, ¢. V. Panteleimonov, Yu. V. Kholin. The influence of sur-
factant nature on the structural, morphological and sorption properties of ormosils with immobilized aminogroups.

Two samples of ormosils, Material 1 and Material 2, synthesized by sol-gel procedure using cation and
anion surfactants, have specific surface areas 172 and 176N5 m? g'1 and average pore sizes 3.6 and 3.3
nm, correspondingly. The proposed method for surfactants removing was better for Material 1 than for Mate-
rial 2. The model of bidentate binding adequately describes the protolytic properties of immobilized ami-
nogroups in both cases. The basicity of immobilized aminogroups is higher for Material 2; negative coopera-
tivity effects are observed at protonation of aminogroups for both materials.

.H\ ZR U @nplate, ormosil, bidentate binding, cooperativity effects.
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