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JOCIIIZKEHHA CTPYKTYPU I'BPUIHUX CUCTEM HA
OCHOBI OJIITOMEPHUX CHJICECKBIOKCAHIB METO10OM
PO3CIIOBAHHS PEHTTEHIBCBKHUX ITPOMEHIB Y MAJIUX TA
BEJIMKUX KYTAX.

Cmeopenns HAHOCMPYKMYPOBAHUX OP2AHO-HEOP2AHIUHUX Mamepianie — OOUH 3 NepPCHneKMUBHUX HANPAMKI6
cbocooenHs. lonosnoio npobnemoro, AKa BUHUKAE  NPU BUKOPUCAHHI HAHOHANOBHIOBAYIB, e BANMCKICMb
3abe3neuents piBHOMIPHO20 PO3NOOINY Heopeauiunoi (aszu @ noaimepuit mampuyi. Tomy Ointbw payionarvHum €
CMBOPeHHs HAHOYACMOK, AKI 30amHi KOBANEHMHO 38'A3ysamucs 3 nolimepHoilo mampuyero. Lle 3abesneuye ax
pisHOMIpHULL PO3N00Jin Heopeaniunoi ¢hasu, max i cymiwenns gaz piznoi npupoou. Iloniedpanvui onicomepni
cuncecksiokcanu  (IIOCC)  3acnyeosyioms  ysacu 3 MOYKU 30pY 6UKOPUCMAHHA IX 6 AKOCMI MAKUX
Hanocmpykmypyruux azenmie. Ha cb0200Hi Haulyscusanimuumu y c60eMy psdi € OKMOeOpanbHi OJicOMEPHI
CUNCECKBIOKCAHU. Ane ix 8UKOpUCManHs Ol CIMEOPEHHs 2IOPUOHUX Mamepianie nog A3aHo 3 MaKumu mpyoHoOwamu
SIK 6EIUKA 8APMICIb, CKAAOHICb IX CUHME3Y, 0OUH MUN CIMPYKMYPYBAHHS 8 CUCHEMAX HA IX OCHOBI.

Binvw 0ocmynnumu, 3 mouku 30py 00epicants, € Cymiuii ONie0CUNCECKGIOKCARIE, WO EMIWYIOMb V CBOEMY CKAAOL
TIOCC-cmpyxkmypu. Pazom 3 mum, ne OUBIAYUCH HA 3HAYHULL NPOSPEC Y CUHMES] HAHOCMPYKIMYPOBAHUX CUCTHEM HA
OCHOBI cymiwell 0ic0CUNCECKBIOKCARIB, OOCIONCEHHS I1ACMUBOCE Ma CMPYKMYpU Oisl CUCTEM MAKO20 MUny
NPaKmu4Ho 8i0CYMHI.
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Tonosnoio memolo cmammi € O0CRIONCEHHS CMPYKMYPU OMPUMAHUX CUCHEM HA OCHOBI ONi2OMEPHUX
CUNCECKBIOKCAMIB.

Cunme306ano cymiul ORiCOMEPHUX CULCECKBIOKCAHIB, WO MICMUMb 2IOPOKCUTbHI Ma MPemuHti aminocpynu
(IIOCC-C). Hocniosceno cmpykmypy OMPUMAHUX 3PA3KIE@ MemMOOAMU WUPOKO — MA MAIOKYIMOBO20 PO3CISHHSA
penmeeHiscokux npomenis. Bcmanosnerno, wo I1Y na ocnosi onicoemepie ma cymiueit IIOCC ghopmyroms nosnicmio
amopghny cmpyxkmypy. Lle 8i0bysaemuvcs nezanedcno 6i0 muny nonimeproi mampuyi ma mopghonoeii. Hasenicmo
cymiwi ITOCC 3asadcac ymeopennio Kpucmanie 3 opeaniunoi ¢paszu. Bcmanoaneno, wo 3a2anbHutl amop@izm moukoi
cmpykmypu 0ocnioxcysanozo I1Y 3ymoenenutl 30amuicmio Cymiui 01ic0CUNCECKBIOKCARIE 3HUICYBAMU WITbHICIb
noaimeproi mampuyi ma Heznaurorw 30amuicmio cymiwi IIOCC cmeoprosamu Kpucmanu ma Kpucmaiimu.

Cepeo peuosun, wo micmamoe kpemHitl, [IOCC 3atimaroms RPOMIdCHe MICYye MIdC CULOKCAHAMU MA CUTIKAMAMU.
3 inwoeo 60Ky, ix moocHa gioHecmu 00 CepudHUX CUNOKCAHIB, OCKLIbKU B0HU CKIAOAIOMbCS 3 0A2amozpaHHux
cmpyKmyp, Mopponoziuno exeigarenmuux Kyai. 3a80AKU HAAGHOCMI (QYHKYIOHATGHUX ZPYN MOJICHA NO30YMUCSH
3HAYHOI Hecmayi CUNOKCAHIG (He YIMBOPIOIOMb BOA0KOH i NAIBOK) uepe3 iX HU3bKY MINCMONEKYIAPHY 83AEMOOTIO.

Cunceckgiokcanu Moxcyms nepepobamucs npu Oilbid HU3bKUX MeMNepamypax, K y 4ucmomy eueiaoi, max i 8
cymiwax, a makoodc 6oHu He micmsamo cnioie memanis. Cucmemu na ocnosi IIOCC ma nonimepie maroms
cunepeemuyni gnacmugocmi. 30amuicmo 00 camoopeanizayii cucmem na ochoei IIOCC € dyaice 8euKo0 nepesazoio.
L]e 00360115 ompumysamu opeano-Heopeaniuni mamepianu 3 OibUW OOCKOHANOI0 CIMPYKmMYpHoio iepapxicto. OOHum
i3 HANpAMKi8 3ACMOCYBAHHA CUHME308AHUX 3SUWUMUX 2CIOPUOHUX OP2AHO-HEOP2AHIYHUX CUCEM -OMPUMAHHS
NPOMOHONPOBIOHUX MEMOPAH BOOHEGUX OBUSYHIS.

Knrouogi cnosa: nonivepna mampuys, cunceckgiokcamu, Cymiut, CUHme3, po3CisiHHs NPOMeHi8, CMpPYKmypa.
DOI: 10.20535/2617-9741.1.2020.207816
© ®omenko A. O., Oscsakina B. O., [ITaxHoBebkuit A. M., Himumenko A. B., 2020.

IMocTanoBka mpo6aemu. CydacHi yMOBH ChOI'OZICHHS BUMaraloTh CTBOPEHHS MaTepiaiiB, sKi O 3a/10BOJILHSIIHN
i HUA3I BUMOT: OyiH O €KOJIOTTYHUMU, TIOETHYBAIH B COO1 MMO3UTUBHI BIIACTUBOCTI SIK BHCOKOMOJIEKYJIIPHUX, TAK
1 HEOpraHIYHMX CIOJyK. BHACTiIOK TepMOAMHAMIYHOI HECYMICHOCTI iCHY€ CKIIAHICTh y 3a0€31eYeHHI piBHOMIPHOTO
posnoniny (a3 pizHOi mpupoau.OmHUM i3 MUISIXIiB BUPIMIEHHS TPOOJIEMH — CTBOpPEHHS TiOPUAHHUX OpTraHo-
HEOpTraHIYHUX MaTepiaiiB, B SKUX OJHA i3 (ha3 Mae HAHOPO3MIpH, SKi KOBAJIEHTHO 3B’sI3aHi 3 iHIIOIO (ha3oro.

AHaJi3 monepeaHix AocaigKeHb. AHATI3YIOUH JIITEPATYPHIi 1aHi, MOKHA 3pOOUTH BUCHOBOK, [0 MOXKITUBICTh
NIPUBUBATH [0 TIOJIieAPAJIbHUX S/IEP CHIICECKBIOKCAHIB OiUHI IpyNy pi3HOT NMPUPOAM A€ MOXKIHUBICTH OTPUMYBATH
Marepiaiy 3 Harepes 3alaHMMU BIacTHBOCTAMH. Lle poOuTh HaHuii HAPSMOK JIyKe aKTyaJIbHUM Ta NEPCIIEKTHBHUM
3 TOYKM 30py OTpPHMaHHs cy4yacHMX MatepiaiiB.[1-6]. Takox i3-3a Takux ocobmuBoctedt [IOCC moxiBO
OTpUMYBaTH TiOpUIHI MarTepiaJii Ha iX OCHOBI 3 Pi3HOI0 MOP(OJIOTi€l0: JiHIIHI, PO3rajdy)XeHHi, 3LIUTI Ta
3ipkornoibHi cuctemMu. B paHiii poOOTI AOCHIIKEHO CTPYKTYpy TiOpHIHHMX CHUCTEM Ha OCHOBI OJIrOMEpHHX
CHJICECKBIOKCAHIB METO/IOM PO3CIFOBaHHS PEHTTEHIBCHKUX IIPOMEHIB Y MaJIMX Ta BEJINKUX KyTax.

MeTor0 CTAaTTi € CHHTE3 Ta JOCHII)KEHHS CTPYKTypH OTPHMAHMUX CHCTEM METOAOM PEHTTCHOCTPYKTYpPHOTO
aHa3zy.

Metoauka poootu. Cywmimri oJirOMEpHHX CHJICECKBIOKCAHIB OTpHMYyBalM 3a MeTonukor [1,4], ame Oyio
BBE/ICHO CTAJiI0 MEPEOCaIKEHH IPOAYKTY 3 METAHOJIBHOI'O PO3YMHY B alleToH . [lepmmii eTan mpoBoIuIN B Maci,
0 (aMiHOTIPOIILT) TPUETOKCHCHIIAHY TIPU TIEPEMIlTyBaHHI Ta JIbOJASHOMY OXOJIO/PKEHHI MO KparuiiHaX J10/J1aBalid
raimupon. Ilicns mporo TeMmepaTypy peakuiiiHoi cymimi migmpiMamu o 230°C i BuTpuMyBamu mpoTsaroMm 1 rog.
OTprMaHy CHONYKY PO3YHMHSUINA B METaHOJI 1 3/1iCHIOBaNN i TiAPONITHYHY KOHIEH a0 BogHuM po3unHom HF npu
nepeminryBanHi npotsirom 2 roa. ITorim npu THCKy 2-3 MM.PT.CT. BUIQJISUIM METAHOJI, €TaHOJ, BOJLY 1 BUCYLIyBaJld
npoxykt npu 40°C 1o cranoi macu. CHHTE30BaHy CyMilll [IEPe0ca/LKyBajIH alleTOHOM 3 PO3YHHY B METaHOJII.

CuHre3 cyMmilleil OJiroMepHUX CHIICECKBIOKCAHIB 3 KapOOKcwibHI OidyHMMH rpynu. CHHTE3 MOXiAHOI cyMiri
OJIITOMEPHUX CHIICECKBIOKCAHIB, 1110 MICTUTh KaPOOKCHIIbHI I'PYIH B OPraHiYHOMY 00paMJiIeHHI CHIICECKBIOKCAHOBOTO
sapa (IIOCC-COOH-100). o pozunny 3,798 r ITIOOC-C (0,0475 r-exs) B 8 mn IM®PA mnpu nepeminryBaHHi
nonasanu pozuud 7,035 r (0,0475 r-exB) draneBoro anrigpuny B 13 M IM®A. Peakiiiiiny cymiIn BATPUMYBaJIH 3a
KIMHATHOI TeMIepaTypu Ta TepeMillyBaHHsS MpoTaroM 24 ronx. YacTHUHY pO3YMHHUKA BHIQSIN TPU TUCKY 2-3
MM.PT.CT., ITICJIA 9OTO MPOAYKT PEAKIii 0CaKyBaId €TUIIOBHM CIIUPTOM, BLIMIISUTH QiTBTPYBaHHSIM 1 BUCYIITYBaIl
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3a Temmeparypu 60°C y Bakyymi. Buxim mpoxaykry cranoBuB 61%. Bmict COOH rpym, %: 3Haiineno 18,91,
obuncaeno 19,20. [Y-crextp (cMm-1): 1000-1180 (v Si—O-Si), 1240-1280 (v Si—CH2), 1720 (v C=0), 2400 — 3600 (v
OH).

Bukiaaa ocHoBHoOro marepiaay. JIyisi qocaigKeHHsl CTPYKTypH OTPHMAaHHUX 3pa3KiB 3aCTOCOBYBAJM METOJ
PO3CiIOBaHHS PEHTI€HIBCHKOTO BUIIPOMIHIOBAHHS Yy BEJIMKHUX KyTax Ha ycraHoBIli JIPOH-4-07. Ha puc. 1 (e Oymo
3a3HAYCHO HAMU paHiire [6]) HaBeIeHO IMUPOKOKYTOBI MPodisi po3citoBaHHS 3a KIMHATHOT TEMITEPATYPH IS 3IITHTHX
I[TOCC-BMicTHUX TOJIiypeTaHiB, THydkuid Onok skux mictuth IIEI. Sk BumgHO puc. 1, mpodini po3sciroBaHHSI
JIOCHIZPKYBaHUX CHUCTEM 3a KIMHATHOI TEMIIEpaTypu MaroTh AW(Y3HUH XapakTep, He3BaKaroyh HA KPUCTATIYHY
npupoxy uucroro ITEI'. Ha ocHOBI 11bOro MokHa 3pOOWTH BHCHOBOK IPO aMOP(QHICTE TOHKOI CTPYKTYpH JaHHX
cucreM. B 1abn. 1 HaBeneHO OCHOBHI mapamerpu TOHKOI cTpykTypu 3mmTuX [TOCC-BMICTHHX NONiypeTaHiB
(3HaYeHHs MDKIUIOLIMHHMX BijcTaHel D Ta 3HaYeHHS KyTOBOTO PO3IMIMPEHHS AUPPAKLIHHUX MAaKCUMYMIB [3).
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Puc. 1 — IIpodini inTencusuocti HIKPPII 3mmtux [IOCC-BmicTHux ITY, rHyYKknii 610K AKHX
mictuts IIET

Taoauus 1 — MapameTpu ToHkoi cTpykTypH 3mnTHX [IOCC-BMicTHHX ITY, siki po3paxoBaHi 3 1aHUX

HIKPPII
3paszok D, HM B, rpan L, am
IIET- SOsK 0,215 7,99 1,07
IIET- SOsLi 0,215 8,64 0,99
ITET- SOsNa 0,216 8,96 0,95

BceranoBneHo (tabi. 1), mo 3HaYeHHS MDKIUIONIMHHHMX BiJCTaHEH Malbke CHiBIAJAlOTh Ta TMPUOIU3HO
nopiBHIOIOTE 0,22 HM. DopManbHa 30HA KOPEJAIMil MIKIUIOIMIMHHUX BiAcTtanel, L Oyna po3paxoBa 3 JOTIOMOTOIO
piBusHHs lepepa. Sk BugHO 3 TaOII. 1, 3HAYEHHS I[LOTO IMapaMeTPy HE MEPEBUILYIOThH 2 HM. [lei pakT cBimauTh mpo
aMOpGHUI XapaKTep CTPYKTYPH JaHUX CHCTEM.

JocmimkeHHs ocobmuBoctel cTpykTypH Triopuaaux [1Y 3mmroi Mmopdosorii Ha ocHoBi cymimi [TOCC ta ITET
meronoM MKPPIT (ManokyToBe po3citoBaHHS pEHTIeHIBCHKHX TpoMeHiB). Ha puc.2 npencrasieni mpodini MKPPIT
summtux [TIOCC-mictHux I1Y y noagiiHomy norapudmiunomy mactura6i (Ig I vs 1g q). 3 pucynka BugHo, 1o yci
HaBeJeHi podini MaloTh qudy3HUI XapakTep, a 0TXKE He MOXIIMBO BUSBUTH O0COOJIMBOCTI MiKpo(]a3oBOi CTPYyKTypH
3mmTux [1Y 3 BUKOPHCTaHHSM KJIACHMYHOTO MiJIXOAy IO TpakTyBaHHsA ImX npodiniB. Tomy s oxepkaHHsS
JI0JaTKOBOI iH(popMalii mpo Mikpo¢ha3oBy CTPYKTYpy 3LIMTHX CHCTEM HaMH OyJIO 3aCTOCOBAHO (ppaKkTaibHUN MiAXiJ.
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Puc. 2 — IIpodini MKPPII 3murnx IOCC-BmicTHux ITY

B pamkax 1pOro miaxomy s TCOPETUYHOTO MOJCIIOBAHHS JIIHIWHUX JUISHOK KPUBUX PO3CISHHS, SKi
NPEACTaBIICHI Ha PHC.2, BUKOPUCTOBYBAJIM DiBHSHHA [lopona B y3arajlbHEeHOMY BUIVIAI, a MEPeXigHi IUITHKA
MOJICITIOBAIIUCH PIBHSHHSIM [iHBE.

SK BUAHO 3 MIPENCTABICHUX PE3yibTATiB, HA TIEPIIOMY CTPYKTypHOMY piBHi (0,4<q<2,2), B ycix 3mmutux I1Y
BinOyBaeThCs (hOpMyBaHHS arperariB MacoBO-(ppaKTaAIFHOTO THITY, po3Mip Skux 2Rg BapitoeTbes B Mexkax Bix 10 HM,
st [TET-SO3Li, no 18 am, mis ITET-SO3Na. OcHOBY GpaKkTaIbHUX arperaris IEPIIOTo PiBHS CKIAAAIOTh TEPBUHHI
gactouku [TOCC. TIpoTe i3 3pocTaHHSAM CEPETHLOTO PO3MIpPY arperaTiB MEepIIOTo PiBHS BigOyBAEThCS 3MEHIITYETHCS
ix mimeHOCTI, Tak mis ITE-SO3Li, dw=2,4, a niusa [IET-SO3Na di=1,9.

Amnani3 npodinie MKPPII na apyromy macurrabnomy pisHi (0,03<q<0,17) Bka3ye Ha Te, 110 Ha JaHOMY eTarli
NPOXOJAUTh (OPMYBaHHA OUIBII KPYHNHHX MacoBO(paKTaJbHUX arperariB (arJioMepaTiB) po3Mipu SIKHX
NIePEeBHILYIOTH 30HY iHQOpMaIii BUKOPHCTOBYBaHOT peHTIeHIBCbKOT kamepu (2Rg>500 Hm).

Tabauus 2 — Po3paxynkoBi napamerpu MikporereporeHHoi crpykrypu 3mutux [IOCC-smictaux ITV 3
Pi3HOI0 IPHPOJOI0 KiHIEBUX I'PYI THYYKOTO 0JIOKY, O/iep:kaHi B pe3ya1bTaTi MmogenoBanHa kpusux MKPPII

I-piBenn II-piBeHb
3pasox 3<r<20uMm r>40 am
dm £ 0,1 Rgi, HM dn=£0,1 Rg2, HM
IEI-SO;Li 1,7 5 2.4 >250
TTEI'-SOsNa 2,3 9 1,9 >250
TTET-SOsK 1,8 8 2,3 >250

Buxonsuu 3 Bulle ofepKaHuX JaHUX PO MiKpoda3oBy CTPYKTYpy 3MMTHX riopuanux I1VY, ski Oyno 3BeneHo
B Ta0J1. 2, HaMu OyJ1a 3aIpPONOHOBaHA HACTYIIHA MOJEINb IX CTPYKTYPOYTBOpEHHs (puc. 3).
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MAacoBo-ppaKTansHi

OnUHIYHI
gacTHHKH [100C

> 500 HM

Puc. 3 — Cxema cTpykTypoyTBOpeHHsl HeBnopsinkosaHux 3mutux [IOCC-emicTtHux ITY

BucHoBku. Ha OCHOBI OTpHMaHHX pE3yJIbTaTiB MOXHA 3pOOMTH BHCHOBOK IMPO aMOPQHICTH CTPYKTYpH
CHHTE30BaHUX 3paskiB. BcranosneHo, mo cymim [TOCC 3aBaxkae ¢hopMyBaHHIO KPUCTAIIB 3 opraHiuHoi ¢a3zu. Ha
ocHoBi ganux MKPPII BctanoBneHo, mo B ycix 3mutux [1Y BinOyBaeTbest GopMyBaHHS arperatiB MacoBO-
(hpakTaNbHOTO THITY.

Ha npyromy wmacmrabHomy piBHi (0,03<q<0,17) mnpoxomuth (GopMyBaHHS OUIBII KPYITHUX MacCOBO-
(dpakTabHUX arperaTiB (araoMepaTiB) pO3MIpH SKHUX TIEPEBHILYIOTh 30HY iH(pOpMAaIlii BHUKOPUCTOBYBAaHOL
penrreniBcbkoi kamepu (2Rg>500 um).

I[epcnekTHBH MOMATBIIUX AOCTIKeHb. AKTYIBHICTD MOANBIINX TOCIIKCHB OB’ A3aHa 3 TUM, [0 OJTHUM
i3 HampsIMKIB 3aCTOCYBaHHS CHUHTE30BaHHX 3IIUTHX TiOPUIHUX OpPraHO-HECOPTaHIYHUX CHCTEM - OTPHUMAHHS
IIPOTOHOIIPOBIIHUX MEMOpaH BOAHEBUX JIBUTYHIB.
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Fomenko A. A., Ovsyankina V. A., Shahnovsky A.M., Nishimenko A.V.
RESEARCH OF STRUCTURE OF OLIGOMERIC SILSESQUIOXANES BY X-RAY SCATTERING

Creation of nanostructured organo-inorganic materials is one of the promising areas of today. The main problem that arise
at using nanofillers is the difficulty of ensuring uniform distribution of the inorganic phase in the polymer matrix. Therefore,

it is more rational to create nanoparticles that are able to covalently bind to the polymer matrix.This provides both uniform

distribution of the inorganic phase and the combination of phases of different nature.

Polyhedral oligomeric silsesquioxanes (POSS) deserve attention in terms of their using as such nanostructuring agents.

Today, octohedral oligomeric silsesquioxanes are the most widely used in the series. But their using for creating hybrid
materials has difficulties such as high cost, complexity of their synthesis, one type of structuring in systems based on

them.From the production point of view mixtures of oligosilsesquioxanes containing the POSS in the structure are more
accessible. However, despite significant progress in the synthesis of nanostructured systems based on mixtures of
oligosilsesquioxanes, studies of the properties and structure for such systems are virtually absent. The main purpose of the
article is researching of the structure of the obtained systems based on oligomeric silsesquioxanes.
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A mixture of oligomeric silsesquioxanes containing hydroxyl and tertiary amino groups (POSS-C) was synthesized. The
structure of the obtained samples was studied by the methods of wide - and low - angle scattering of X - rays. It was found
that PU,based on oligoethers and mixtures of POSS, form a completely amorphous structure. This occurs regardless of the
type of polymer matrix and morphology.The presence of a mixture of POSS prevents the formation of crystals from the
organic phase.lt was established that the general amorphism of the fine structure of the studied PU is due to the ability of
the mixture of oligosilvesquioxanes to reduce the density of the polymer matrix and the insignificant ability of the mixture
of POSS to form crystals and crystallites.

ong silicon-containing substances, POSS occupy intermediate position between siloxanes and silicates. On the other hand,

they can be attributed to spherical siloxanes, because they consist of multifaceted structures, morphologically equivalent to

a sphere. The presence of functional groups allows to get rid of a significant lack of siloxanes (do not form fibers and films)

due to their low intermolecular interaction.Sisquioxanes can be processed at lower temperatures, both in pure form and in

mixtures. Also they do not contain traces of metals. Systems based on POSS and polymers have synergistic properties. The
ability to self-organize of systems based on POSS is very big advantage. This allows to obtain organo-inorganic materials
with more perfect structural hierarchy. One of the areas of application of the synthesized crosslinked hybrid organo-

inorganic systems is obtaining proton-conducting membranes of hydrogen engines.

Key words: polymer matrix, silsesquioxanes, mixture, synthesis, scattering, structure.
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