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"ucraTyT XiMii BECOKOMOIeKyIsipanx cnotyk HAH Ykpaiam

JOCIIIZKEHHA CTPYKTYPU I'IBPU/THUX CUCTEM HA
OCHOBI OJIIM'OMEPHUX CUWJICECKBIOKCAHIB METO/1I0M
PO3CIIOBAHHA PEHTTEHIBCBKHUX ITPOMEHIB Y MAJINX TA
BEJIMKHUX KYTAX.

CmeopeHnns HAHOCMPYKMYPOSAHUX OpP2AHO-HEOPSaHIYHUX Mamepiania — OOUH 3 NePCHeKMUSHUX HANPAMKIG
€b0200eHHA. 1'0N06HOIO NpobNeMOto, AKA GUHUKAE — NpU  BUKOPUCHIAHHI HAHOHANOGHIOBAUIE, Ye BANCKICHb
3abes3nedents piGHOMIPHO20 po3nooiy Heopeaniunol ghaszu & nonimepniil mampuyi. Tomy Oinvut payioHatvHum €
CHIBOPEHHS HAHOYACHIOK, AKI 30amHi KoeaneHmHo 38'a3veamucsa 3 noiimepHoio mampuyero. lle 3abesneuye sk
pigHOMipHULI po3nodin HeopeaHiunoi ¢hasu, max i cymingenna ¢pas pisHoi npupoou. Iloniedpanvhi onicomepHi
cunceckgiokcany (IIOCC)  3acnyeogyiome  ygazu 3 MOYKU 30pY GUKOPUCMAHHA IX & AKOCmi MAaKux
HaHocmpykmypyrouux azenmie. Ha cb0200Hi Hatiydcugauivumy y cgoeMmy paoi € OKmoeOpanbHi 0nicoMepHi
CUNCECKBIOKCAHU. Ale Ix GUKOPUCIANHS ONIA CINBOPEHHS 2iOPUOHUX Mamepialia nog a3aHo 3 MaKuMu mpyOoHOWaMy
AK 8eNUKA 8apmMicmy, CKIAOHICHb IX CUHMESY, OOUH IMUN CMPYKINYPYBAHHS 8 CUCINEMAX HA IX OCHOGI.

binvue oocmynnumu, 3 mouKi 30py 00EPHCAHHS, € CYMILLL ONI20CUNICECKBIOKCAHNIB, W0 BMILLYIONb ) CBOEMY CKAOI
HOCC-ecmpyxkmypu. Pasom 3 mum, He OUIAYUCL HA 3HAYHUT Npoepec Y CUHMES] HAHOCIMPYKMYPOGAHUX CUCTIEM HA
OCHO8I cyMiuteti 0nicocUNCeCKGIOKCaHi8, OOCIONCeHHA GIACMUBOCET MA CMPYKMYPU O CUCIEM MaKozo muny
APAKMUYHO GIOCYMHI.
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Tonosnoio memoro cmammi € OOCNIONCEHHS CMPYKIMYPU OMPUMAHUX CUCHEM HA OCHOSI OJlicoMepHUx
cuicecKeioxcanis.

Cunmeso8ano cyMiut ONicOMepHUX CUNCECKBIOKCAHI8, WO Micmumb 2iOpOKCUNbHI mMa mpemunti aminozpynu
(IIOCC-C). Jlocniosxceno cmpykmypy OMpUMAHUX 3pA3Ki@ MemooaMu UWUPOKO — MAa MANOKYIMO8020 PO3CIAHHS
peHmezeHigcbKux npomerie. Bemarnognerno, wo I1Y Ha ocrosi onicoemepie ma cymiuteii [IOCC gpopmyroms nogicmio
amopghuy cmpyxkmypy. Lle iobyeacmbcs HesanedcHo i0 muny noiimepnoi mampuyi ma mopgonozii. Hassnicmo
ceymiuii [IOCC 3asadicae ymeaopeHHIo KpUcmania 3 opeanivnoi gpasu. BcmanosneHo, ujo 3azanbHuti amMopghizm moHkoi
cmpykmypu oocniodxcyearozo 11V 3ymosnenuii 30amuicmio Cyminti 0Ni20CUNCeCK8IOKCAHia 3HUNCY8amY WibHiCHb
nonimeprol Mampuyi ma HesHaunorw soamuicmio cymiwi IHOCC cmeoprogamu Kpucmany ma Kpucmanimu.

Cepeo peuogun, ugo micmame kpemuiti, [IOCC 3aiimaroms npomisicHe Micye Midc CUTOKCAHAMU MA CUTTKAMAMU.
3 iHuozo 60Ky, ix MOXCHA giOHeCHmU OO ChepuyHUX CUTOKCAHI8, OCKINbKIL GOHU CKIAOAIOMbC 3 0A2amOSPaAHHUX
CHIPYKMYP, MOPGHONOSIUHO eK8IGANEHMHUX KV 3a80AKU HAAGHOCMI (HYHKYIOHANLHUX 2PYN MOJICHA No36ymucs
3HAYHOI Hecmayi CUNOKCAHIE (He YMEopIomb 80NOKOH i NIIGOK) Yepe3 IX HUZLKY MIDCMONEKYIAPHY 83AeMO0iI0.

Cunceckgiokcany MOXCYmv nepepoOaamucs npu Oifvil HULKUX MeMAepamypax, Ax Y Yucmomy euenioi, max i ¢
CYMIWAx, a MaKodc eoHu He micmamv chioie memanig. Cucmemu Ha ocHogi [TOCC ma nonimepie maromv
cUHepeemuyHi gracmusocmi. 30amuicnv 00 camoopearizayii cucmem Ha ocrogi IIOCC e Oyice 8enKo10 nepegazorn.
I{e 00380515 ompuMysamu opaano-weopeaniymi Mamepiany 3 OLIbUL OOCKOHAI0I0 CIMPYKIMYPHOIO icpapxicto. OOHUM
i3 HONpAMKI@ 30CMOCYBAHHA CUHME308AHUX 3UUMUX CIOPUOHUX OP2aHO-HEOP2AHIUHUX CUCEM -OMPUMAHHA
NPOMOHONPOGIOHUX MEMOPAH BOOHEBUX OBUSYHIE.

Kiouoei cnosa: nonivepna Mampuys, CUiCeCKGIOKCAHY, CYMIL, CUHME3, PO3CIAHHA NPOMEHIE, CIPYKMYpA.
DOI: 10.20535/2617-9741.1.2020.207816
© ®omenko A. O., Opcsrkina B. O., ITTaxHoBcbkmit A. M., Himumenko A. B., 2020.

Hocranoska npodaemn. CydacHi YMOBH ChOTOICHHS BHMATAKOTh CTBOPCHHS MATEPIaNiB, AKi O 3210BOIBHAIH
LiTiH HU3I1 BEMOT: OyJIH O €KOJIOTIYHUMH, TIO€THY B! B OOl MO3UTHBHI BIACTHUBOCTI SIK BUCOKOMOJICKY JLIPHHX, TAaK
1 HEOPTAHIYHUX CHOJIYK. BHACTiA0K TepMOAMHAMIYHOI HECYMICHOCTI ICHY € CKIIATHICTB ¥ 3a0€3TIeUCHHI PIBHOMIPHOTO
posnoxminy (a3 pizHOi mpupoan.OAHMM 13 NULIXIB BHPIMICHHSA NPOOICMH — CTBOPCHHA TiOPHIHHX OPTaHO-
HEOPraHiYHUX MaTepialis, B IKUX OAHA 13 ()a3 Ma€ HAHOPO3MIPH, SIKi KOBAJICHTHO 3B 513aHi 3 IHIIOIO (ha30¥0.

AHaJi3 monepeHix K0Cai/UKeHb. AHATIZYIOUHN TITEPaTy PHI JaHi, MO>KHA 3pOOUTH BHCHOBOK, IO MOXKIIMBICTD
TIPUBUBATH O TMOJICAPATBHUX SICP CHICCCKBIOKCAHIB OIYHI TPYIHU Pi3HOI MPHPOIU JA€ MOXKIHMBICTH OTPHMYBATH
MaTepiaid 3 Harmepe  3a1aHuMHU BIaCTHBOCTAMHE. Lle poOuTh naHMH HANIPSIMOK [y KE aKTYaJbHAM Ta TMIEPCIICKTUBHAM
3 TOYKH 30py OTPHMAHHSA Cy4acHMX Marepiamie.[1-6]. Takoxk i3-3a takumx ocobmusocteit [TOCC mMoxmBO
OTPUMYyBaTH TIOpWIHI Marepiand Ha iX OCHOBI 3 PI3HOI0 MOP(OIOTi€r0: MiHIMHI, PO3Traly’KeHHI, 3MIMTI Ta
3ipKomoAiOHI cucteMu. B maHiit poOOTI JOCTH/KEHO CTPYKTYPY TiOPHAHHX CHCTEM HAa OCHOBI OJITOMEPHHX
CHJICECKBIOKCAHIB METOIOM PO3CIFOBAHHS PEHTTCHIBCHKUX IMPOMCHIB ¥ MAJIHX TA BEIUKHX KyTaXx.

Mero10 CTAaTTI € CHHTE3 Ta JOCHIKCHHSI CTPYKTYPH OTPHMAHHX CHCTEM METOJOM PEHTTCHOCTPYKTYPHOTO
aHam3zy.

Meroanka podorn. CyMinmn OJIrOMEPHHX CHJICECKBIOKCAHIB OTPHMYBAIH 3a METOAuKO0 [1.4], ame Oyxo
BBEJICHO CTAJII0 MEPEOCAIHKCHHS MPOAYKTY 3 METAHOIBHOTO PO3UMHY B alleTOH . [lepmmmii eTam mpoBoamMIM B Maci,
0 (aMiHOTIPOTILT)TPUETOKCUCHIIAHY HPH NEPEMIIMIYBAaHHI Ta JBOIAIHOMY OXOIOKCHHI IO KPAIUTMHAX J0JABAJH
rainmaon. TTicns mporo TeMmeparypy peakuiiuoi cymimi migaivama 1o 230°C i BuTpumyBamu mpotsrom 1 ro.
OTpuMaHy CIIONYKY PO3YHHAIH B MCTAHOJT 1 3MIHCHIOBAIH 1i TIAPOTITHYHY KOHACHCALIO BOAHNUM po3unHoM HF mpu
TepeMiny BaHHI IpoTAaroM 2 rox. I1oTiM mpu THCKY 2-3 MM.PT.CT. BUJAISUIH METAHOJ, €TAHOJ, BOJY 1 BHCYIIyBAIIH
mpoaykt mpu 40°C mo cramoi Macu. CHHTE30BaHY CYMIII ICPSOCAHKY BAIH ALCTOHOM 3 PO3YHHY B MCTAHOJIL.

CuHre3 cyMimed OJITOMEPHHUX CHIICECKBIOKCAHIB 3 KapOOKCHIbHI OiuHuMH Tpynu. CHHTE3 MOXiTHOI cymimn
OTIrOMCPHHUX CHJICCCKBIOKCAHIB, IO MICTHTH KAPOOKCHIIbHI TPYIIH B OPTaHITHOMY 0OPAMIICHHI CHIICCCKBIOKCAHOBOTO
saapa (ITOCC-COOH-100). Jo pozumny 3,798 t ITOOC-C (0,0475 r-ckB) B 8 Mma JJM®PA mpu mepemimmyBaHHI
Joxasamm po3unH 7,035 1 (0,0475 r-exB) (raneporo anrigpuay B 13 M JIM®DA. PeakuiitHy cyMinI BUTPUMY BaJIH 32
KIMHATHOI TEMIIEPAaTYPH Ta NMEPEMINIyBAHHS MPOTAToM 24 ron. YacTWHY PO3YMHHWKA BHUJAISLIM IIPH THCKY 2-3
MM.PT.CT., CJ YOTO MPOAYKT PEaKmii 0CaaKyBaIH CTUIOBUM CITHPTOM, BLAIUILIM (LIBTPYBAHHSM 1 BHCY Iy BAITH
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3a Temmeparypu 60°C y Bakyymi. Buxin mpoaykry cramoBuB 61%. Bmict COOH rpyn, %: smaiineno 18,91,
obuncieno 19,20. [Y-cmekrp (cMm-1): 1000-1180 (v Si—-O-Si), 1240-1280 (v Si—-CH2), 1720 (v C=0), 2400 — 3600 (v
OH).

Buxnan ocHoBHoro marepiamy. JUist J0CTiUKeHHsT CTPYKTYPH OTPHUMAHHMX 3Pa3KiB 3aCTOCOBYBAIM METOX
PO3CIIOBAHHS PCHTTCHIBCHKOTO BHIIPOMIHFOBAHHS Y BEIHKHUX KyTax Ha ycranosui JJPOH-4-07. Ha puc. 1 (ue Oymo
3a3HAYCHO HAMU paHiIme [6]) HaBeAeHO MIMPOKOKYTOBI PO (il pO3CIFOBAHHS 3a KIMHATHOI TEMIICPATY PH A 3MIATHX
MMOCC-BMicTHHX TOMIypeTaHiB, THyuku#d Onok skux wmictute [IEI. Sk Bmauo puc. 1, mpodim po3ciroBaHH:I
JOCHIPKYBAaHHX CHCTEM 3a KIMHATHOI TEMIIEpaTypH MAaroTh AU(QY3HHH XapakTep, HE3BAKAFOUH HA KPHUCTAIUHY
mpupoxy umucroro ITEI'. Ha ocHOBI 1b0T0 MOXKHA 3pOOWTH BHCHOBOK IIPO aMOP(HICTH TOHKOI CTPYKTYPH JAHHUX
cucreM. B 1abn. 1 HaBeneHO OCHOBHI mapamerpu TOHKOI cTpykrypu 3murux [TOCC-BMICTHHX NOJNiypeTaHiB
(3HAYCHHS MUKIUTOIMUMHHKX BigcTaHeH D, Ta 3HAYECHHS KyTOBOTO PO3LIMPEHHS TU(PPAKIIITHIX MAKCUMYMIB [3).
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Puc. 1 — Hpogini inTencuprocti IINKPPII 3murnx HOCC-emictanx ITY, rayuknii 6J10K AKUX
mictuth IIET

Taomms 1 — Iapamerpn Toukoi crpykrypu 3smmtux [IQCC-smicranx ITY, siki pozpaxoBani 3 gannx

IIKPPII
3pasok Dn, HM B, rpan L, am
ITET - SOsK 0,215 7,99 1,07
ITET - SOsLi 0,215 8,64 0,99
ITET- SOsNa 0,216 8,96 0,95

Bceraroneno (tabn 1), mo 3HAYCHHS MUKIUIOIIWHHUX BIiACTAaHCH MAIDKe CHIBHAJAIOTH TAa NPHOIM3HO
JopisarOIOTE 0,22 HM. PopManbHA 30HA KOPEILIil MDKIDIOIIMHENX BiacTaHeH, L Oyna po3paxosa 3 AOMOMOTOO
pisustaES Hepepa. Sk BuaHO 3 Ta01. 1, 3HAUYCHHS LHOTO MapaMeTpy HE MepeBrinyoTh 2 HM. Lle# dakT cBiauuTs mpo
aMop(HMUIT XapakTep CTPYKTYPH JAHHX CHCTEM.

JocnimreHHs 0co0MuBOCTEH CTPYKTYpH ridpuaaux [TY 3omroi mopdosorii #Ha ocHoBi cymimm [TOCC Ta ITET
merozoM MKPPIT (ManokyToBe po3CirOBaHHS PEHTTCHIBCHKUX MPoMeHiB). Ha puc.2 mpeacrasneni nmpodini MKPPIT
smuTtax [TOCC-eMmictaux 1Y y moasitiHoMy morapudmivaomy macmradi (1g 1 vs 1g q). 3 pucyHka BHIHO, MO Vi
HaBeCHI POt MArOTh JU(Y3HUHA XapakTep, a OTXKE HE MOMIIHBO BHABUTH OCOOIHBOCTI MiKpO(]a30B0i CTPYKTYpH
smutux [1Y 3 BHKOPHUCTAHHAM KIACHYHOTO MiIXOAY A0 TPakTyBaHHA ImX mpo@ims. ToMy mia oacpKaHHA
JOIATKOBOI iH(opMari mpo Mikpo(a30BYy CTPYKTYPY 3IIHTHX CHCTEM HAMH Oy JI0 3aCTOCOBAHO (DPAKTATBHHHN MiAX1T,
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I, ym0B. 04.

0,01 0,1 L

Puc. 2 — Hpogiai MKPPII 3murux HOCC-micranx ITY

B paMkax 1p0T0 mMAXOAY AN TEOPETUMHOTO MOJCTIOBAHHS IIHIHHUX MUITHOK KPHBHX PO3CLIHHS, SKi
MPEICTABJICHI HA PHC.2, BHKOPHUCTOBYBAIHM PIBHSAHHA [lopona B y3arandsHEHOMY BHIUDIAL, a MEPEXiAHI JiLIHKH
MO/ICTIFOBAINCH PIBHSIHHAM | 1HBE.

SIK BUIHO 3 MPEACTABICHUX PE3yJIBTaTiB, HA IEPIIOMY CTPYKTYpHOMY piBHI (0,4<q<2,2), B ycix 3mmTux [TV
BiA0yBaeTHCS (DOPMYBAHHS arperaTis MacoBO-(PAKTATLHOTO THITY, PO3MIp IKkuX 2Rg BapiroeThes B Mexax Bix 10 HM,
1 TTET-SO3LA, mo 18 uM, s [TET-SO3Na. OcHoBy (ppakTanbHHUX arperaris NepIioro piBHI CKIAJAKOTH IICPBHUHHL
yacrouku [TOCC. IpoTe i3 3pocTaHHAM CEPEeTHBOTO PO3MIPY arperaTis MEPIIOTO PIBHS BiXOYBAETHCS 3MEHIIY €THCS
ix mimeHOCTI, Tak mma [TET-SO3L4, dw=2.4, a nma [TEI'-SO3Na d,=1,9.

Amnaniz npo¢inis MKPPIT Ha npyromy macmradbHoMy piBHi (0,03<q<0,17) BKa3zye Ha Te, O HA JAHOMY €Tarr
MpoXoauTs (OPMYyBaHHA OLTBIN KPYMHHX MAacOoBO(PAKTAIBHHUX AarperariB (arJoMepariB) PpO3MIpH  SIKHX
MIEPEBHIYI0TH 30HY 1H(pOPMAIIi BUKOPHCTOBYBAaHOI peHTTCHIBChKOT KamepH (2Rz>500 HMm).

Ta6mms 2 — Po3paxynkosi mapamerpn mikporereporenoi crpykrypu smutux IIOCC-gmictanx ITY 3
Pi3HOI0 MPUPOIOF0 KIHIIEBUX IPYN rHYYIKOT0 0JIOKY, 0/¢p:KaHi B pe3yasTarti MoaemoBanasa kpusnx MKPPII

I-piBeHB II-piBeHb
3pasok 3<r<20HM r> 40 aHM
dm+0,1 R, HM dn+0,1 R;2, HM
TTEI'-SOsLi 1,7 5 2.4 >250
IEI'-SOsNa 2.3 9 1,9 >250
TTEI-SOsK 1,8 8 2.3 >250

Buxoxsum 3 BuIIe 0JCp/KaHUX JAHHX PO MIKPO(ha30By CTPYKTYPY 3mHTHX Ti0OpuaHux [TV, sxi Oyno 3BeneHO
B Ta0m. 2, HamMu Oy J1a 3aIpPOTIOHOBAHA HACTYITHA MOJCIb iX CTPYKTYPOYTBOPCHHS (pHC. 3).
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Puc. 3 — Cxema cTrpykrypoyTrBoperns Heenopsakosanux smurnx [HOCC-emictanx ITY

BucnoBkn. Ha OCHOBI OTpHMAaHWMX pE3yJbTaTiB MOXHA 3pOOHTH BHCHOBOK IPO aMOP(HICTH CTPYKTYpPH
CHHTE30BaHUX 3pas3kiB. BcranosaeHo, mo cymim [TOCC 3aBaskae (opMyBaHHIO KpHCTamis 3 opraniusoi (asu. Ha
ocroBi maamx MKPPIT BcraHoBneHo, mo B ycix 3mmrux 1Y BiaOysaerscs (OPMYBAaHHS arperatiB MacoBO-
(hPaAKTATHLHOTO THIIY.

Ha apyromy wmacmrabromy piBHi (0,03<q<0,17) mpoxomute (opMmyBaHHSA OiNbII KPYIMHHX MACOBO-
(pakTampbHHUX arperatip (arIoMepariB) PO3MIPH SKUX IEPEBHIIYIOTh 30HY iH(OpManii BHKOPHCTOBYBAHOI
perTreHiBebkoi kamepu (2Rg>500 HM).

MepcnexkTHBA MOAATBIINX JOCTIKeHb, AKTYATbHICTD MOAATBIONX JOCIIHKCHD OB A3aHA 3 THM, IO OTHIHM
13 HampSMKIB 3aCTOCYBAHHA CHHTC30BAHHX 3IINTHX TIOPHIHUX OPraHO-HCOPTAHIYHMX CHCTEM - OTPHMAHHSI
TIPOTOHOTIPOBLIHIX MEMOPAH BOJTHEBUX JBHUIYHIB.
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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.

63



Bicnux Hauionanvnozo mexniunozo yrisepcumemy Yrpainu «Kuiecokuii noiimexniunuii incmumym
imeni Izops Cikopcokozor. Cepis «Ximiuna inxcenepis, exonozisi ma pecypcozoepexcetns». 2020. ée 1 (19)

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 It 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.
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