55-5 HObuneliHasi HayYHasi KOHbepeHyUs acrnupaHmos, MazucmpaHmos u cmydeHmos bI'YUP

Kak BuaHo 13 pucyHka 3a, npumeHeHue low-k matepranoB Takmx kak nonutetpadgptopatuneH (PTFE)
n kceporenb nopuctoctbio 70% B kavyecTBe MEXypOBHEBOro AnanekTpuka no3sonsoT Ha 20% cHU3UTb
€MKOCTHYI0 cocTaBnsowyo RC-3agepxks, 4TO B CBOK oO4vepedb YMeEHbLUAeT 3afdepXKy curHana
mexcoeanHeHmn. Ha pucyHke 36 BugHO, 4TO BbIGOp MaTepuana MEXCOeAMHEHUN Takke wurpaet
CYLLLECTBEHHYIO pOfb B onpeaeneHny BennynHbl 3agepXkm curHana. Tak, npuMeHeHne Meau B kadecTBe
MaeTpuana mexcoeanHeHun nossonset Ha 10% CHW3WUTL pe3ncTmBHyrO coctoBnsowyo RC-3agepxku,
YTO MONOXMUTENbHO BMMSIET HA CKOPOCTb PacnpoCTPaHEHUs curHana.

WNcxoas ns pesynbTaToB NpeAcTaBieHHbIX UCCNeQOBaHUM, MOXHO rOBOpPUTE O LieriecoobpasHocTy
ucnonb3oBaHns ANSYS anst GbICTpOro onpegeneHus BENUYUHBI 3aJE€PXKKU CUrHana B MEXYpPOBHEBOM
CTPYKTYPE MEXCOEONHEHUN MHTErpanbHbIX MUKPOCXEM.
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Feasible ultrasonic method (20 kHz) was developed for the preparation of new CuS/Cu,O/CuO and copper/iron-modified graphene
oxide nanocomposites with advanced charge carrier properties. Methylene blue dye was used as a probe of the charge transfer
property on the surface of CuS/Cu,O/CuO-graphene oxide in the silica network. It was revealed that the fluorescence from the dye
was quenched as aresult of the interacton induced by the charge transfer on the CuS/Cu,O/CuO-GO surface. In addition, unique
copper- and copper/iron composition of the graphene oxide nanocomposite can be used as a molecular carrier for the anti-
inflammatory drug ketorolac due to the ultrasonically formed particular binding or complexation mechanisms.

Among multifarious biocompatible hanomaterials silica and graphene oxide (GO) have received a
great attention in the fields of composite nanomaterials, nanoelectronics and nanomedicine applications.
SiO2 provides monodispersity, higher specific surface area, controllable pore size and diameter, and
versatile functionalization [1]. Incorporation of metals, metal/non-metal oxides or polymers into the SiO2
network improves the interfacial contact, advances conducting pathways and suppresses the charge
recombination [2]. GO has attracted a great attention because of its unique properties and a two
dimensional molecular structure [3]. Electronic properties of GO arise from the presence of both sp3- and
sp?-hybridized carbon bearing various oxygen functional groups: hydroxyl, epoxy/carboxyl and carbonyl
arranged on the basal plane and at the edges. However, charge transfer in the pristine GO is poor as the
functional groups usually induce the nonradiative recombination by the transfer of their electrons to the
holes present in sp? clusters producing localized electron—hole (e-h) pairs. The surface functionalization of
the GO with semiconductors (e.g. Cu20, CuO, CuS) may enhance the charge transfer of GO and increase
its fluorescence.

Among various methods ultrasound is a unique nanotechnological technique that has been
successfully applied for the synthesis of novel hybrid nanocomposites with advanced electrical and opto-
electrical properties. This technique is based on acoustic cavitation, which is the formation, growth and
collapse of gaseous or vapor-filled bubbles. Implosive collapse of these bubbles locally creates high
temperature (~ 5000K) and pressure (~ 1000 atm) yielding hot spots, where sonochemistry occurs [4].
Sonochemical method is efficient, fast and convenient enabling assembly of substances at a lower cost in
a single step. As a result of it the ultrasonic method overcomes the problems in the synthesis at elevated
temperature and pressure, multiple reaction steps and prolonged reaction treatment.

The first aim of our work was to develop a method for the formation of copper-modified@graphene
oxide nanocomposite and examine its morphology. The second goal was to probe the charge transfer
property of this new nanocomposite in the use of methylene blue (MB) dye and Raman microscopy. MB
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was chosen because it belongs to the family of the electroactive dyes being used in chemical sensors and
photoelectrocatalytic surfaces. The knowledge about the electronic properties of this new nanomaterial was
further expanded through the modification of GO with both copper and iron compounds with the aim to
study the interaction of copper/iron-modified@GO nanomaterial and organic substance such as the non-
steroidal anti-inflammatory drug ketorolac tromethamine.

The morphologies of copper-modified@GO and copper/iron-modified@GO nanocomposites are
shown in Figure 1A and B in the use of SEM technique. SEM images reveal small spherical nanostructures
(~ 30 nm) in the carbon network structure (~ 490 nm) of copper-modified GO nanocomposites (Figure 1A),
and larger nanostructures with an oval shape (~ 70 nm) in GO of copper/iron-modified@GO
nanocomposites (Figure 1B).

For the study of the charge transfer property ultrasonic method was applied for the preparation of
microspheres with a silica-core and CuS/Cu20/CuO-GO-shell and the fluorescence quenching of MB was
used as a probe of it. Raman spectra revealed multiple peaks from MB and small peaks from liquid silica
phase as well as D and G bands of GO, indicating the successful encapsulation of MB into the silica-GO
network of microspheres (Figure 1C). If the shell of the microspheres is composed of the sonochemically
formed CuS/Cu20/CuO-GO nanocomposite, the continuum due to the fluorescence was quenched as a
result of the interacton induced by the charge transfer on the CuS/Cu20/CuO-GO surface and adsorbed
MB. We assume that the majority of MB molecules are adsorbed on the CuS/Cu20/CuO-GO surface
because MB is a cationic dye and the nanocomposite is negatively charged, and due to the presence of
sulfur, which additionally favors the dye deposition on GO.
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Figure 1 — representative SEM images of copper-modified (a) and copper/iron-modified (b) graphene oxide
nanocomposites; ¢) Raman spectra of silica microspheres with impregnated methylene blue dye and copper-modified
graphene oxide nanocomposite (black color coding) or without the nanocomposite (red color coding); d) Raman
spectra of copper/iron-modified graphene oxide with the intercalated non-steroidal anti-inflammatory (NSAID) drug
ketorolac tromethamine (wine color coding) and iron-modified graphene oxide with the same NSAID (violet color
coding).

For the study of the electronic interaction we ultrasonically prepared copper/iron-modified@GO
nanocomposites and intercalated ketorolac tromethamine. Raman spectra reveal characteristic bands of
ketorolac being in agreement with many NSAIDs [5] and D (1360 cm-?) and G (1606 cmt) main peaks of
GO [6]. Most of these Raman peaks from the ketorolac appear in the synthesized GO and copper/iron@GO,
but are broader and less defined in iron@GO nanocomposite. The intense Raman peak of ketorolac
(1328 cm) originates from a characteristic band of the y-amorphous form of ketorolac and its stronger
delocalization illustrates the significant contribution by carboxylate groups of GO. Another prominent
Raman peak of ketorolac at 1628 cm is shifted towards the G band of the GO and iron@GO, but not in
copper/iron-modified@GO, and appears as a shoulder in all samples, perturbing the G peak, indicating
particular binding or complexation mechanisms.
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In conclusion, a new sonochemical method was successfully developed for the synthesis of novel
CuS/Cu20/Cu0O-GO nanocomposites with advanced charge carrier properties due to the presence of three
copper phases such as CuS/Cu20/CuO in the GO network. Ultrasonic intercalation of methylene blue (MB)
into this nanocomposite led to strong fluorescence quenching of MB within the silica network, as a result of
the induced charge transfer. Another ultrasonic method was developed for the synthesis of copper/iron-
modified@GO to be intercalated with the NSAID ketorolac via a particular binding or complexation
mechanisms involving interaction with copper and iron compounds.
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®OTOTOK B KCEPOTENAX TUTAHATA BAPUA

Kpbimckut B.A.

Benopycckuli 2ocydapcmeeHHbil yHUsepcumem UHOopMamuku U paduo3rieKmpOHUKU
2. Munck, Pecnybnuka benapycb

lanoHeHKo H.B. — 0-p. ¢bu3.-mam. HayK, rpogheccop

3onb-renb METOAOM CMHTE3VMPOBAaHa MHOrOCNoNHas nieHka TutaHata bapus. ®asa TutaHata bapua 3apermcTpypoBaHa MeTOAOM
PeHTreHoBCKON Andpakummn. TonWwmHa MNeHKX, Nony4YeHHON MEeTOAOM LeHTpudyrnpoBaHnus, coctasnset 167 HM npu HaHeceHun 5
croeB kceporensi TutaHata 6apus. ObcyxgalTca oToanekTpodusnyeckne CBOMCTBa ANOOHON CTPYKTYpbl HA OCHOBE Kceporens
TuTaHaTa 6apus. OB6HapyxeHbl n3MeHeHnst BAX avogHow CTPyKTypbl MPY OCBELLEHWUW FarioreHHoN namnon ¢ UHTEHCUBHOCTBIO 57
MBT/cM? ¢ LUBETOBOW TEeMMNepaTypoii BOb(PaMoBOi HATU HakanueaHus 3123 °C.

B TedyeHve nocnegHWx ABYX AeCATUNETUA BO3POC WMHTEPEC K (OPMUPOBAHUIO U U3YHEHUIO
3MNeKkTpodU3NHECKMX CBONCTB TUTaHaTa 6apusi. PaspaboTka TexHonornm opmmnpoBaHus NNeHoK TUTaHata
Dbapusi npegcTaBnsieT uMHTepec Ans  POPMUPOBAHUSA MFIEHOYHBLIX KOHAEHCATOpPOB, MEMPUCTOPOB,
BapucTopoB, ceHcopoB M Ap. [1]. MMokasaHa reHepauus ¢oToTOKa Npu OCBelleHMn TuTaHaTa Gapws.
lMneHkn TuTaHaTa Gapus OPMUPYIOT METOAaMUM XMMWUYECKOro ocaxgeHus u3 rasoBor asbl [2],
MOMEKYNSAPHO-Ny4eBOM 3nuUTakCcuen, ocaxaeHmemM n3 xXmnakon dasbl, MMNYNbCHO-Na3epHbIM HamblifeHnemM
[3], MarHeTPOHHbIM HaNbINEHWEM U 30b-refb MeToaoMm [4].

Ona dopmupoBaHusa kceporensa TutaHata Gapusi GbinM CMHTE3MPOBaHbI 30U TUTaHata Gapwus.
McxooHbIMM  KOMMOHEHTaMKU  30fed  sBnAnucb auetat rmgpat ©Oapusa  Ba(CHsCOO)2-1/2H20 u
TeTpausonponokcug TtutaHa Ti(OCH(CHs)2)s. B kavecTtBe pacTtBopuTenen WCNonb3oBaHbl YKCYCHas
KMCnoTa M MOHOMETMIOBLIN 3dup aTuneHrnukonsa. B kavectBe crabunusaTtopa gobaBreH aueToH.
KoHueHTpauusa 3onent 44 mr/mn. 30nNu HaHOCMIM METOOOM UeHTpudyrMpoBaHmnss co ckopocTbio 2700
06/MUH Ha MOAMOXKM MOHOKPUCTANNMYECKOrO KpeMHusi. locne HaHeceHusi Kaxgoro criosi obpasupl
noasepranucb TepmoobpaboTtke npu TemnepaTtype 200 °C B Teuenme 10 mwuH. 3atem cnepoBana
OKOHYaTenbHasi TepmoobpaboTka npu Temnepatype 850 °C. NS M3roToBrneHWUs OUOLHOW CTPYKTYpbI
dopmMmnpoBanuCb BepXHUE 3NEKTPOAbI N3 HUKeNA KBagpaTHOW (hopMbl CO CTOPOHOM 0.8 MM.

BonbT-amnepHble XapakTEPUCTUKMA CTPYKTYP PErMCTpMpOBannChb NMpu KOMHATHOW TemrnepaType B
uHTepBane HanpshkeHun U=x10 B. HanpsikeHne Ha CTpyKType OCYyLLEeCTBASNOCh CTabunmsmpoBaHHbIM
NCTOYHMKOM NuTaHns TEC-23. BenuumHbl HanpskeHWU U TOKOB M3MEPSNNCE SNEKTPOHHBIMU LMPOBLIMM
BonbTMeTpoM B7-23 n amnepmetpom B7-27A. CTpykTypa nogkntoyanacb K U3MepuTerbHOMYy Ornoky
nocpeacTBOM MPWXKMMHBIX HUXPOMOBBIX NMpoBoAHWKOB. BAX perncrpmpoBanucb cHavana TeMHOBble, a
3aTeM Npu OCBeLLEHUN «BenbiM» CBETOM.

CBeTOBble XapaKTEPUCTUKN CTPYKTYP ObiNv uccrefoBaHbl NPy OCBELLEHUM UX «OernbiMy CBETOM C
WHTEHCUBHOCTbIO 57 MBT/cM2. B KayecTBe MCTOYHMKA OCBELLEHMS NPUMEHSNack ranoreHHas namna K
C LBETOBOW TEMMepaTypon BONb(pamoBomn HUTU HakanuBaHna 3123 °C. TemnepaTtypa HUTU HakanMBaHus
Oblna namepeHa npu nomoLuy ontuyeckoro nupometpa SO0IMM-66 n perynuposanack CTabunuanpoBaHHbIM
ncTtouHnkoMm nutaHus TEC-41. VIHTEHCMBHOCTb CBeTa KOHTpONMpoBanacb M3MepuTenemM MOLLHOCTU U
3Heprmum nanyyenns UMO-2H. CTpykTypbl OCBeLLanucb co CTOPOHbI nieHkn BaTiOa.
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