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Theoretical and experimental study of nanostructured functional materials perspective
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CyTb po3po0Kku, 0CHOBHI pe3y/ibTaTu

(Ykp.) Pobora crnpsiMoBaHa Ha CTBOPEHHS, €KCIEPUMEHTaJIbHE Ta TEOPETUYHE BUBYEHHS
HAaHOCTPYKTYpOBaHMX (YHKIIOHATBHUX MarepiaiiB Ha ocHOBI Si, Ge, C Ta ZnO 3 MeToI0
BU3HAUEHHS iX (yHIAMEHTAIbHUX BJIACTUBOCTEH [JIs MOJANBIIOTO 3aCTOCYBaHHS IUX
MarepiasliB y ONTUYHINA Ta CEHCOPHIN €JEeKTPOHIIl, 30KpeMa B SKOCTI €JIeKTPHUYHO-aKTUBHUX
€JIeMEHTIB, (YHKIIIOHAJbHUX TOHKHX IIIapiB, CBITJOBUIIPOMIHIOYHMX MaTepiaJliB B
ONTOCJNICKTPOHHUX MPHUCTPOSX, 3aco0ax Bi3yauisamii, CBITJIOBOi IHIWKAI[ii Ta Ta30BUX
CEHCOpIB Ta CyOXBUJIBOBUX OINTHYHUX MIKPOMEXaHIYHHX MNPUCTPoiB. Po3pobieno
TEXHOJIOTIYHI METOJW TMPHUTOTYBaHHA Ta BHTOTOBIEHO HaHOoKommo3utn Si02:C:Zn,
CDs@SiO2, BoaHi po3urHu ByrieneBux HaHOTOUOK (CDs), MiKpOITOPOIIKH Ta TOHKI TUTIBKA
ZnO:H, touki mwriBku GO, a-C, a-C:H, a-C:N, Ta HaHomopysati rpadiTonomiOHi IUIiBKH.
OTpuMaHO XapaKTepUCTHUKU CEHCOPHOI YYTIMBOCTI IUTBOK BigHOBiIeHoro GO Ta
rpaditonoaiOHuxX IIiBoK. BeraHosieHo, mo 3a iHTeHcuBHicTh DJI HanocTpykTyp a-Si02:C
BIJIMOBIAAIOTh ~ MOJIEKYJISIPHO-TIOAIOHI  BYIJIelleBl  KjacTepu. BcraHOBIEHO mpHpoay
doromominectenmii (OJI) rigpodineaux CDs. Bu3znaueHo onTuMaibHiI TeMIepaTypHi yMOBH
curesy CDs. Bneprie BcTaHOBiI€HO 3B'1I30Kk Mk po3mipoM CDs 1 mpoBiaHiCTIO
HaHokomno3uTis CDs@SiO2. BeranoBneHo, mo SP° KuceHb-1IeHTpOBaHi BYTIeNeBi paauKaim
BianoBinaroTh 3a ®JI y Zn(acac)2/CoHsOH. Beranosneno, mo y ZnO MeTaH COpUYHHSE HE
TIJIbKM BKJIFOUEHHS BOJHIO, @ TaKOX 30UIblIy€e (hOpMyBaHHS MUIKUX JOHOPIB, IOB’SI3aHUX 13
BIacHUMH JedekTamMu. BCTaHOBIEHO NpPUPOLY LEHTPIB, IO BIiAMOBIJAIOTH 33 BHCOKY
€JICKTPOIPOBIIHICTh Mikpopo3MmipHoro ZnO:H. BcranoBimeHo, 10 B 3aJI€KHOCTI Bif
opieHTallii Bici HAaHOAPOTIB Si, Ge BIJHOCHO iX BHYTPIIIHBOT KPUCTAIIYHOT CTPYKTYpU BOHHU
MOXYTh PO3MAAATUCS HA YHOPSIAKOBAHWH JIAHIIO)KOK HAHOKpAareidb SIK 3 CyOKOPOTKOIO
JIOBKMHOIO (parMeHTiB HAHOJAPOTY Ha MOYATKOBIM CTajil PO3BUTKY HECTIMKOCTI, Tak 1 3
CynepAoBroo. BussieHo, 1110 eBOJIOLIS MIJIIHAPUYHUX HAHOAPOTIB/IUIACTUH 3a TEMIIEPATyp,
HUKYe TeMIlepaTypH IUJIaBJICHHS, MPU3BOJUTH JO YTBOPEHHS CTIMKUX CTaHIB 3 BUPAKEHOIO
MOYJISIIIEI0 TIOTIEPEYHOTO TTepepizy.

(Eng) The work aims to create, experimental and theoretical study of nanostructured
functional materials based on Si, Ge, C and ZnO in order to determine their fundamental
properties for further use of these materials in optical and sensor electronics, in particular as
electrically active elements, thin functional layers, light-emitting materials in optoelectronic
devices, means of visualization, light indication and gas sensors and subwavelength optical
micromechanical devices. Technological preparation methods were developed, and
nanocomposites of SiO2:C:Zn, CDs@SiO2, aqueous solutions of carbon nanodots (CDs),
micropowders and thin films ZnO:H, thin films GO, a-C, a-C:H, a-C:N, and nanoporous
graphite-like films were synthesized. The characteristics of the sensor sensitivity of the
reduced GO films and graphite-like films were obtained. It was found that molecular-like
carbon clusters are responsible for the PL intensity of a-SiO2:C nanostructures. The nature of
photoluminescence (PL) of hydrophilic CDs has been established. The optimal temperature
conditions for the synthesis of CDs have been determined. The relationship between CDs size



and conductivity of CDs@SiO2 nanocomposites was established for the first time. It was
found that sp® oxygen-centered carbon radicals are responsible for PL in Zn(acac)2/C2HsOH.
It has been found that methane in ZnO causes the inclusion of hydrogen and increases the
formation of shallow donors associated with their own defects. The nature of the centers
responsible for the high electrical conductivity of microsized ZnO:H is established. It was
found that depending on the orientation of the axis of Si, Ge nanowires relative to their
internal crystal structure can decompose into an ordered chain of nanodroplets with both short
lengths of nanowire fragments at the initial stage of instability and superlong. It was found
that the evolution of cylindrical nanowires/plates at temperatures below the melting point
leads to the formation of stable states with pronounced modulation of the cross-section.

4, HasiBHiCTb OXOPOHHHUX JJOKYMEHTIB Ha 00’€KTH NMPaBa iHTeJIEKTYaIbHOI BJACHOCTI
Hemae

5. IlopiBHsIHHA 3i CBiTOBMMH aHaJIOraMu
PesynbraT BiANOBIAAIOTH CBITOBOMY DiBHIO. Y TOHKHUX IUTiBKaXx ZnO AOCATHYTO 3HAYECHHS
KOHIIEHTpaIlii BiTbHUX HociiB 3apsay Ha piBHi 10%° cM? Ta muTomoro omopy mopsaxy 107
Om*cwM, 0 Ha pPiBHI HaMKpammx MokKazHUKiB A miiBok ZnO:Al (AZO) a Takox IIIiBOK
ZnO neroBaHuX BOJHEM Ta TallieM.

6. ExonomiuHa npuBadMBIiCTh AJ15 MPOCYBAHHA HA PUHOK
BukopucTtanHs MOpOIIKOBOI MilIeHI 3aMICTh JyK€ JOpPOroi KepamidHOi rapsuenpecoBaHOl
MillleHi 3HWXKYye BapTicTh Marepiany wmimeHi B 1000 paziB. BukopucrtanHs HeIopororo
JIETYI0YOr0 areHTa y BHIJISAI MeTaHy, Ja€ JOJaTKOBY mepeBary mnepen AZQO ananoramu y
CeHCl eQEeKTHUBHOCTI Jeryrwouoi mii, MpOCTOTH peami3amii Ta BapTOCTI MaTepiamiB Ta
o0JaiHaHHSA U1 IPOLIECY OCAKEHHSI.

7. TloreHuiiiHi kopucTyBaui
Hactynni opranizamii HAH VYkpainu 3anikaBieHi B po3poOlli TEXHOJOTii BHUTOTOBICHHS
marepiaiiB st cBiTnoBunpoMinioBaHHs 1 [Y texniku: [HCTHTYT (i3MKM HANIBIPOBIAHUKIB 1M.
B.€. JlamkaproBa HAH Vkpainu; Iuctutyr oisuku HAH  Vkpaiau, Iactutyt
marepiano3HaBctBa iM. .M. @pannesnua HAH VYkpainn. B mpoBeaeHHi TochimkeHb 3
PO3BUTKY CBITJIOBUIIPOMIHIOIOUHMX MaTepiajiB O1I0T0 CBITIA, AKi HE MICTITh BaXXKUX METAiB,
3amikaBiaeHl HactynHi nianpuemctBa Ykpainu: IIAT "Ickpa" wm. JIeBiB; OOO "OCII
kopropaiiii BATPA" m. Tepnomine. @otompuiimMaui [Y cBitina TakoXX HeoOXiTHI s
000pOHHOT MPOMUCIIOBOCTI YKpaiHu. MOXIJIMBUMU KOPUCTYBayaMH y CBITI MOXKYTh OyTH Taki
CBITOBI Jifilepu 3 BUTOTOBIEHHS cBiTnoTexHikH, sik: OSRAM (Himeuunna), The LED Co
(CIIA), LUMILEDS (CIILIA) Ta iH.

8. CrtaH roToBHOCTI po3po0dKkH
MeToauKi OCa/DKeHHS TOHKHX IUTIBOK CHJIBHO JieroBaHoro ZnO Ta HaHONOPYBaTOTO
aMOp(pHOro BYTJELUI0O METOJOM MAarHeTPOHHOTO PpO3MHWJIEHHS Ta IJIa3MO-XIMIYHOTO
OCQ/KEHHSI 3 MAarHETPOHHOT'O PO3pPsAy po3pobIieHi Ta ajantoBaHi Ha ycranosii Karoa-1M 3
Mo (PIKOBaHMMH CHCTEMaMHU BaKyyMHOT'O BiJIKauyBaHHS, YIPaBIiHHS Ta KOHTPOJIO Mojaayi
poOouux ra3iB. Ha naHuii MOMEHT IUIIBKM MOXYTb OpaTH B OOJIOTY 3 BHCOKUM CTYIIEHEM
OJIHOPITHOCTI Ha MiAKIaAKH miameTpoM 10 100 MM y KIUTBKOCTI €KCIIEpUMEHTAIbHUX
nmabopaTopHUX 3pa3kiB abo0 Manmux AocBiAUeHHUX maptTid. [Ipy HEOOXiMHOCTI METOIUKH
MOXYTh OyTu MacmTaboBaHi 0e3 ocoOnMBHX MOJUQIKaIiil piBHA NPOMHUCIOBOTO
BUPOOHUIITBA.

9. IcHymoui pe3yibTaTH BIPOBA/ZKEHHS.
Pesynbratn pobotu anmpoOGoBaHo y BHUTJsAAl 13 momoBinei HA MIKHAPOJAHHX KOH(EpPEHIIIsX.
PesynpTaTi BmpoBa/KEHO Yy  HaBUaNbHHI mpomec Kadenpu 3aranbHOi  (Pi3ukM  Ta
mozentoBanHs ¢13uunux npouecis KIII im. Irops Cikopcrkoro.
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dbaxynpTeT, Kadeapa 3aranbHoi Gi3uKH Ta MoJemoBaHHS (Pi3udHUX mporiecis, (044)-204-81-
24, vn.gorshkov@gmail.com

11. ®oT1o po3podku



Puc. 1. Burmsp 3pa3ka nopysaroro SiO2:C 3 po3mipom mop 7 HM P OCBITIICHHI JIAMITO0
PO3KaprOBaHHs (3J1iBa) Ta ITiJ1 CBITIOAI0IHUM OCBiTIeHHAM 409 HM (3mpaBa).
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Puc. 2. HoBuit MeTos CHHTE3y BHCOKOMOPYBAaTHX IrpadiTomoNiOHNX TOHKHUX TUTIBOK,
MEPCIIEKTUBHUX JUIS 3aCTOCYBAaHHS y SKOCTI Ta30BUX CEHCOPIB.
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