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Bopoukin A.A. IlomiMepHi HAHOKOMIIO3UTH 3 HEIIHIMHO ONTHYHHUMH

BIacTUBOCTsIMU. — KBami(ikariiiina HaykoBa mparis Ha IpaBax pPyKOTHCY.

Hucepramiss Ha 3700yTTS HayKOBOTO CTYINEHS mJokTopa (Qimocodii 3a
crietianbHICTIO 161 «XimiuHI TEXHOJIOTII Ta 1HXeHepis» — HamioHanbHUI TeXHIYHUMA
yHiBepcuTeT ‘“XapKiBChbKul nomiTexHiuaui incruryr”’, 2020.

Po6oty BukoHaHo Ha kadeapi TexHomorii IuracTUYHUX Mac 1 O10JIOTTYHO
aKTUBHUX TodiMepiB HallloHadTbHOrO TEXHIYHOTO YHIBEPCUTETY «XapKiBChKUM
NOJITEXHIYHUI IHCTUTYT» MiHICTEPCTBA OCBITH 1 HAYKH Y KpaiHu.

AKTyanbHicTb TemMHM. B 1aHuii 4dac QOTOHIKA Ta ONTOENEKTPOHIKA €
00JacTsIMM HAyKW 1 TEXHOJIOrli, 110 HAlOUIbII AMHAMIYHO PO3BUBAIOTHCA. Takuid
CTPIMKH PO3BUTOK OyB OM HEMOXJIMBUM 0€3 3aCTOCYBaHHS MOJTIMEPHUX HENiHINHO-
ontnunux (HJIO) marepiamiB, mopsia 3 TpaAUIIIHHIMI HEOPTAHIYHUMH KPUCTAIAMH,
y pizaux HJIO 3actocyBannsx. Ha BimMiHy Bif Heopraniunux kpuctaniB 3 HJIO
BiIacTuBOCTsIMHU, moiiMepHi HJIO wmartepianu € OUIBII TEXHOJOTIYHUMHU Ta
€KOHOMIYHMMH, BOHM MaroTh Outbin mBuakui HJIO Biaryk 1 MoxyTh OyTu
BUKOPUCTAHI y BUIJISAI TOHKHUX IUTIBOK. TakoXX BOHU IM030aBjeHI HEIOJIKIB IO
NOB’s13aH1 3 BUPOIIYBaHHSIM KPHUCTAIIIB BEIUKHUX PO3MIpiB 1 hopm. OHUM 13 METOMIB
cTtBopeHHs noniMepuux HJIO marepianiB € OTpuMaHHA CUCTEM “TICTh Xa3siiH’, B
SKHX ToiMepHa Mmatpuis (xa3siH) HanmoBHeHa HJIO akTuBHUM HamoBHIOBadeM. Sk
HJIO axTuBHI HamoOBHIOBaYi, NEPCHEKTUBHUMH MOXKHA BBaXXaTH XpoModopH
¢dmaBoHOIBHOTO THUITY. J[aHI CTIONYKH € HATypaJbHUMHU IMITMEHTaMH, SIKi OTPUMaHHI 3
BIJTHOBJIIOBAHUX MPHUPOJHIX JUKEpEN, a IX HeIEHTPOCUMETpHIHA OymoBa 3a0e3edye
Brucoky HJIO akTHBHICTH HA MaKpOCKOIIIYHOMY PiBHI, IIMX MOJIMEPHUX MaTepiajib.
Heo06xiaH0o Bi3HAYMTH, 1110 33 PaXyHOK HAsIBHOCTI B XIMIUHINA CTPYKTYp1 (J1aBOHOJIIB
TIAPOKCHWIBHUX TPYH Il CHOJYKH MOXJIMBO XiMIYHO MOAMQIKyBaTH, a J0JaTKOBa

¢di13u4Ha ciTKa Ha OCHOBI BOJIHEBUX 3B’S3KIB MPUBOJAWTH 10 IMiJABUIINEHHS (Di3UKO-
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XIMIYHMX MMOKAa3HUKIB (MEXaHIYHA MIIHICTh, TEMIIEpATypa CKIIyBaHHS, Ta 1H), a TAKOX
710 MIABUIIIEHHS YacOBOi CTAOUIHLHOCTI MOJIIMEPHUX TUTIBOK MICIIS MOJSpU3aIlii.

Ha mincraBi BuIe3a3Hay€HOro, MOKHAa 3pOOUTH BHUCHOBOK, MPO TE€ IO
nomimMepai HJIO HaHOKOMIO3WTHI Marepiaid, sKi HAIOBHEHI Xpomodopamu
(1aBOHONFHOTO THUITY € TEPCHEKTUBHUMHU MaTepiajamMH Ui PI3HUX 3aCTOCYBaHb Y
(GOTOHIII Ta ONTOENEKTPOHII, a IX JOCHIIKEHHS € aKTyaJIbHUM 1 CTAaHOBHUTH SIK
HAYKOBUH TakK 1 MPaKTUYHUHN THTEpPEC.

Tomy aucepraiiitHa poboTa MPUCBAYEHA CTBOPEHHIO CITYACTHX EMOKCHIHUX
MOJIIMEPHUX HAHOKOMMO3UTIB 3 HemiHiiHO ontuunumu (HJIO) BnactuBocTsSIMU Ha
OCHOB1 JUTJIIUIUIOBOTO eTepy OiceHony A, HaAMOBHEHOro XxXpomodopamu
(1aBOHOJIBHOrO TUIY. J{OCHIIKEHO 3aKOHOMIPHOCT] BIUIUBY ONTHYHUX, TEPMIYHUX,
MOpP(OJIOriYHUX BJIACTUBOCTEM HA HENIHIMHO-ONTHYHI MapaMeTpu HarOBHEHUX
EMOKCUJIHUX  TMOJIMEPHUX  HAHOKOMIIO3UTIB 1  BCTAHOBIICHO  ONTHUMAaJbHY
KOHIICHTPAIIII0 HAMOBHIOBaYa, 3a sIK01 He BinOyBaeThbes 3HIKeHHs HJIO akTuBHOCTI
TaKHX MaTepiais.

VY naucepraiiiiniii poOOTi Bepiie Oyid OTPUMaHHI TMOJIMEPHI Marepiaiu 3
BHCOKOIO HEIIHIHHO-ONTUYHOK AaKTHBHICTIO Ha OCHOBI EIMOKCHJIHOTO IOJIMEpY,
HAIIOBHEHOT'O MPHUPOJHUMH (PIaBOHOJIAMHU (KBEPILIETHH, (PI3€THH), a TaKOX XIMIYHO
MOIM(BIKOBAHUM TPUPOTHUM (PIIaBOHOJIOM (CYITb(HOKBEPIIETUHOM ).

3a gomomororo Y®- 1 BUAMMOI CHEKTPOCKOIIi BHUSABJICHO, IO MOJCKYIH
HANOBHIOBAUIB, 32 YMOB OJIEpXaHHS MOJIIMEPHOTO KOMIIO3UTY MOJIEKYJIH ICHYIOTh
MpUHAMHI y ABOX (popmax: HeUTpasibHIM Ta aHioHHIN. KinbkicHUI mepepo3moiin
MK IIUMH JBOMa (popMamH 3 MiABUIIEHHAM KOHIIEHTpaIil XpoModopy B MOJTIMEpHIH
MaTpHIll TPU3BOAUTH IO YTBOPEHHSI acOIIaTiB 3 PI3HOIO MOJSPHICTIO, III0 00YMOBITIOE
Pi3HY CIIEKTpAJIbHY MOBEIIHKY MOJIMEPHUX HAaHOKOMITO3UTIB. BecTaHoBIIeHO, 110 TIpH
BMiCTI xpoModopy Ounbmie yum 20 mac. %, yTBOpEHI MOro MOJIEKYJIaMH acolllaTh
NEPelIKO/KAIOTh  OpI€HTaIlli MOJIEKYJl HaloOBHIOBaYa B EJIEKTPUYHOMY TIOJII
KOPOHHOT'O PO3PAIY.

BukoHaHi1 KBaHTOBO-XIMIUHI PO3pPaXyHKHU MOJIEKYJISIPHOI TIMEepPIOISpU30BHOCTI

(B) pizaux xpoModopiB (pIaBaHOIBLHOrO MOKA3aJIH, 1110 HAWOLIbIIE 3HAYEHHS 1IbOTO
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napamerpy mae 3,5,7,3'4-nenrarigpokcudnapon(ksepuerus, p=3.03 x104%). Tomy,
3 Meroro nigBuuieHHss HJIO akTuBHOCTI HamoBHIOBada y poOOTi OyB po3poOiieHHit
pexuM Ximiunoro Momudikysanus came 3,5,7,3'4-mentaringpokcudpnason 3a
pPaxyHOK BBEIEHHS 10 HOro XIMIYHOI CTPYKTypHu CYIb(OTrpymH, sSKa 3a CBOEIO
npuponioro € aknentopoM [imporeHy, a omxke, Oyne cropustuMe 301UIBIICHHIO
HEI[EHTPOCUMETPIi MOJEKYyJIM HAMOBHIOBa4Ya 1 TakKUM YHHOM Oyje CHPHSITH
30uemeHHto HJIO aktuBHOCTI XpomModopy Ha MoJeKyisipHOMY piBHI. MeTtomamu Y-
cnekrpockonii *H Ta ¥C JIMP cnekrpockonii moBeieHo, 10 MOAUDIKYBaHHS
BUXITHOTO Xxpomodopy BinOynoch B mooxeHHs Cg MOJICKYJIH 3,5,7,3 4/-
neHTariipokcudnasony Ta Oyiao orpumano 3,5,7,3,4'-nenrarinpoxcudnapon-8-
CyJb(OHOBY KHUCIIOTY.

Byno BCTAaHOBJIEHO, IO 3a PAaXyHOK XiMiyHoro moaudikysanus 3,5,7,3/4/-
MEHTAriIPOKCU(PIIABOHY NUIAXOM BBeAEHHS cyibdorpynu B mosioxkeHHs Cg JaHOTO
xpomo(opy, MOJEKyIHd HAMOBHIOBaYa ICHYIOTH y BUIIIAAl 10HHOI (opmu. Bmepie
MOKAa3aHo, IO TaKe XiMiuHEe MOIU(DIKyBaHHS KBEPIETUHY PUBOUTH /10 30 IBIIICHHS
TINepIoIsIpPU30BHOCTI XpoMoopy, a OTKE B CBOIO uepry 1 Makpockomiyaux HJIO
BJIACTUBOCTEH MOTIMEPHUX MaTepiajiB, 32 paXyHOK acolliallii 10HIB HaIllOBHIOBayYa.

BceranoBneHa 3alieKHICTh MAKPOCKOIIYHOI MOJISIPU30BHOCTI JIPYTOTO MOPSIAKY
(X(Z)) MOJIIMEPHUX HAHOKOMITIO3HUTIB 13 3,573 ,4/—HeHTarisz0KCI/I(bJIaBOHy i3,5,7,3 4-
neHTariipokcudaaBoH-8-cynb(HOHOBOI KHCIOTH Bl KOHIIEHTpallli HAlOBHIOBAYA.
[Toka3ano, 1m0 Taka 3aJ€KHICTh JUIs IOJNIMEPHHMX HaHoKommosutis i3 3,5,7,3,4/-
MEHTAriIpoKCU(PIIaBOHY Ma€ eKCTpeMaldbHUM xapakTep. ToOTO 3a KOHIEHTparlii
naropHioBaua 30 mac.% 3HadeHHs y® makcumanbHe. 36LIbIICHHS KOHIEHTpALii
xpoModopy IPU3BOIUTH A0 3MEHINEHHs 3HadeHp mapamerpy . 3 inmoro Goky,
30inbenHs kouuentpauii 3,5,7,3',4-nenrariapokcudnaBon-8-cynb(pOHOBOI KUCIOTH
(10 50 mMac.%) B HoniMepHiii MaTpulli NPUBOJAMTH 10 30inbIIeHHs 3HaueHHs ¥ ). e
dakT CBIIYUTH MPO Te, MO0 30UIBIIEHHS PO3MIpPIB acoIliaTiB 10HHUX XpoModopis,
OUTBIN CIIpUSiE TUTIONBHIM OpPIEHTAIIIT 1111 BIUTMBOM TOJISIpH3allii 11l BIUIABOM CTPyMY

KOPOHHOTO PO3PsIAY, HIXK MOJIEKYJT XpoMO(oOpiB y HEUTpalibHIM dhopmi.
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Takox IOCHIJKEHO BIUIMB KOHIIEHTpalli AaHuX XpoModopiB B MOJIIMEpHiH
MaTpulll Ha Takl BJACTHBOCTI, SIK: CHEKTpalibHl, TeMI0(pI3UUHI, CTPYKTYpHI
BJIACTUBOCTI, & TAKOX JOCHIPKEHHSI NTEBHUX EKCIUTyaTalliHUX BJIACTHUBOCTEH, SIKI €
BU3HAYAJILHUMH JUUII  MarepiaiiB, M0 BHUKOPHCTOBYIOTbCS y (OTOHIII Ta
OITOENEKTPOHILII.

[IpoBeneni AOCHIHKEHHS NAlOTh TMEPCHEKTUBY €(EKTHBHOTO BUKOPHCTAHHS
EMOKCUJHUX TOJIMEpiB HAmoBHEHHX xpoModopamu (IaBaHOIBHOTO THUIY Y

PI3HOMaHITHUX 3aCTOCYBAHHAX Y (DOTOHIIII Ta ONTOCICKTPOHIII].

KiarwouoBi ciaoBa: enokcugHuii momiMep, ¢iaBaHO, HENMIHIAHO-ONTHYHA

AKTUBHICTbh, OJIMEPHUIN KOMITO3UTHUI MaTepiani, POTOCTIHKICTD.
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SUMMARY

Voronkin A.A. Polymer nanocomposites with nonlinear optical properties. —

Qualifying scientific work in form of manuscript.

The dissertation on competition of a scientific degree of doctor of philosophy
on a specialty 161 "Chemical technologies and engineering” - National technical

university "Kharkiv polytechnic institute”, 2020.

Actuality of theme. Currently, photonics and optoelectronics are the most
dynamically developing areas of science and technology. Such rapid development
would be impossible without the use of polymeric nonlinear optical (NLO) materials,
along with traditional inorganic crystals, in various NLO applications. Unlike
inorganic crystals with NLO properties, polymer NLO materials are more
technological and economical, they have a faster NLO response and can be used in
the form of thin films. They also have the disadvantages of growing crystals of large
size and shape. One of the methods of creating polymer NLO materials is to obtain
systems "guest host", in which the polymer matrix (host) is filled with NLO active
filler. As NLO active fillers, flavonol-type chromophores can be considered
promising. These compounds are natural pigments derived from renewable natural
sources, and their non-centrosymmetric structure provides high NLO activity at the
macroscopic level of these polymeric materials. It should be noted that due to the
presence in the chemical structure of flavonols of hydroxyl groups, these compounds
can be chemically modified, and additional physical mesh based on hydrogen bonds
leads to increased physicochemical parameters (mechanical strength, glass transition
temperature, etc.), as well as increasing the temporal stability of polymer films after
polarization.

Based on the above, it can be concluded that polymer NLO nanocomposite
materials filled with flavonol-type chromophores are promising materials for various

applications in photonics and optoelectronics, and their study is relevant and of both
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scientific and practical interest. The thesis deals with the creation of cross-linked

epoxy polymer nanocomposites with nonlinear optical (NLO) properties based on
diglycidyl ether of bisphenol doped by chromophores flavone type. The optical,
thermal, morphological authorities on nonlinear optical parameters of epoxy
nanocomposites was investigated and the optimal filler concentration with which the
NLO activity of such materials does not reduce was found.

In the thesis for the first time, polymer materials with high nonlinear-optical
activity based on epoxy polymer doped by natural flavones (quercetin, fizetin), and
chemically modified natural flavone (sulfoquercetin) were obtained.

With of UV-vis spectroscopy and a scanning electron microscopy, it was found
that the molecules of flavones, under the conditions of synthesis of the polymer
matrix of the filler molecule, exist in at least two forms: neutral and anions.
Quantitative redistribution between these two forms with increasing concentration of
filler in the polymer matrix leads to different positions of the resulting maximum on
the spectral curves.

The performed quantum-chemical calculations of molecular hyperpolarizability
(B) showed that the greatest value of this parameter has quercetin (B = 108,2x104°
m*/V). Therefore, in this work for increase the NLO activity of the filler, a chemical
modification of quercetin was developed due to the introduction of its chemical
structure of the sulfogroup, which by its nature has a Hydrogen acceptor, and
therefore will contribute to increasing the NLO activity of the chromophores at the
molecular level. Using IR spectroscopy and *C NMR spectroscopy, it has been
proved that the modification occurred in the Cg position of the quercetin molecule.

It has been found that due to the chemical modification of quercetin by
introducing a sulfo group in the Cg position of the chromophore molecule filler exist
in ionic form. It was shown for the first time that such chemical modification of
quercetin leads to an increase the chromophores hyperpolarization and in turn leads
to increase the macroscopic NLO properties of polymer materials due to the

aggregation of filler ions.
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The dependence of second order macroscopic polarizability (x®) of polymer

nanocomposites with quercetin and sulfoquercetin on filler concentration was
established. It was shown that such a dependence for polymer nanocomposites with
quercetin is of extreme nature. That is, the value of ¥ at the filler concentration 30
wt. % is maximal. A chromophore concentration increase leads to decrease values of
the parameter y®. On the other side, an increase of the sulfoquercetin concentration
(up to 50 wt. %) in the polymer matrix results in an increase of the value of ¥®. This
fact indicates that an increase of the ion chromophores agglomerates size is more
conducive to dipole orientations under the influence of polarization under the action
of a corona discharge current than the chromophore molecules in a neutral form.

The effect of the concentration of these chromophores in a polymer matrix on
properties such as spectral, thermophysical, structural properties was investigated of
certain exploitation properties that are determinant for materials used in photonics
and optoelectronics. The carried out researches give the possibility of effective use of
epoxy polymers doped by flavanol type chromophores in various NLO applications
in photonics and optoelectronics.

Key words: epoxy polymers, flavones, nonlinear optical activity, polymer

composition materials, photostability
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