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Pedepar:

1. Incepraliiio pyucBsY€eHO BUBYEHHIO JIOKAIbHOI XiMiUHOI, afcop6biifiHoi Ta MexaHiuHOi pyHKIioHaNi3alii

I BOBMMIPHUX CTPYKTYP Ha OCHOBI rpadeHy Ta 4opHOro ¢pocdopeny. JocmiIKeHH BUKOHaHI METOJaMu
(yHKIiOHay €JIeKTPOHHOI I'YCTUHU Ta [ICEeBIONOTEHLaNy i3 IepIMX NPUHUUIIB. [JBOBUMipHI HaNiBIPOBiHUKOBI
Marepianu SIBASIOTh COO0I0 HAWTOHIII HAaMiBIPOBIAHUKY, SIKi BOJIOA{IOTh HOBUMU BJIACTUBOCTSIMU MOPIBHSHO 3i
CBOiMM 00’eMHMMM aHasioramu. OCHOBHMMU iX IlepeBaramy € TOBIMHA B OJJMH a00 JIeKijbKa aTOMIB, BiZICyTHICTb
IIOBEPXHEBO 00iPBaHMX 3B'S13KiB, YMMaJli 3a00POHEHI 30HM, BUCOKA PYXJIUBICTb HOCIIB, BUCOKA THYYKICTb Ta
3ATHICTb IITYYHOTrO NOeQHAHHS. JIOCi iCHYIOTh EPEIIKOAM, 10 3aBaKAI0Th MPAKTUYHOMY 3aCTOCYBAHHIO

I BOBUMIPDHUX HAIIiBIIPOBiAHMKOBUX MaTepiasiB, OfHA 3 HUX — IPOAYKTUBHICTb IIPUCTPOIB, SKa, HACaMIIepe[,
3aJI€KUTD Bif] €JIEKTPOHHUX BJIACTMBOCTEN MaTepialiB B iX OCHOBI. [1oJliNneHHs BIaCTUBOCTEN JBOBUMIPHUX
MarepiasiB € BaXJIMBUM KPOKOM JJ1s peanisalii ix 6araTrodyHKLiOHAIbHUX 3aCTOCYBaHb. OTXe, IOTPEOYIOTh

BU3HAYEHHS Migxoau no Mmoaudikaiiii B1acCTUBOCTEN NBOBUMIPHUX MaTepiasiB. 3 METOIO BUSBIEHHS HOBUX



(paKTOpIB BIJIMBY Ha €JIEKTPOHHI Ta (POTOHHI BJIACTUBOCTI IBOBUMIPHUX HaMiBIIPOBIAHMKOBUX MaTepiasiB MIJISXOM
00U CIIIOBAIbHOTO €KCIIEPUMEHTY 3 BUKOPMCTaHHSIM aBTOPCHKOTO IIPOrPaMHOTO KOAy OyJiv IPOBELEHi TaKi
IOCIIIPKEHHS: PO3PaXx0BaHO ITPOCTOPOBi PO3NOALIN I'YCTUH BaJIEHTHUX €JIEKTPOHIB, T'YCTMHU €JIEKTPOHHUX CTaHIiB,
IIMPYHY 3a00pPOHEHMX 30H, KyJIOHIBChKi IOTEHIia/IM y3[0BXK OOpPaHMX HAIPSIMKIB, 3HAaYEHHS 3apsiB Y MaTepianax B
006J1aCTSX Pi3HOro Po3Mipy, HieeKTPUYHI MaTPULl, MAKPOCKOMIYHi BiIHOCHI IPOHUKHOCTI Ta CIIEKTPU MMOTJIMHAHHSL.
BcraHoBI€HO, 1110 oeAHAHHS He(PYHKLIOHATI30BaHUX Ta (PYHKIiOHANi30BaHUX [isHOK rpadeHa 3a Hanepe],
CIIJIAHOBAaHUM MaJIIOHKOM B OJIHY CTPYKTYPY Ja€ KOHTPOJIbOBAHi 3MiHM €JIEKTPOHHUX BJIaCTMBOCTEN. KOHCTaTOBaHO
IIePEPO3NOiNIeHHs €JIEKTPUYHOrO0 3apsiy y IIIowuHi rpadpeHononionux kom6inosanux crpykryp C/CH ta C/CF 3
YTBOpPEHHSIM o6J1acTell pi3HOTo 3HaKy. BuzHaueHo, mo npouec ¢propusaLii K GyHKIiOHaNi3aliiiHUI BIJIUB
CIIPUYMHSIE NIEPEPO3IOIia €JIEKTPUYHOIO 3apsy MK OKpEMUMHU [iITHKAMU ABOBUMIDHUX KOMOIHOBaHUX CTPYKTYP
C/CFH 3 pizHo0 KOHLIEeHTpaljielo atoMiB ¢pTopy. [lokasaHo, 1o npu 36ibLIEHH] CTyNeHs (PpTopu3alii 4BOBUMIpHa
kombinoBana ctpykrypa C/CFH gx ¢OTOHHMI KpUCTaJ OCJAbIII0€ TPOXOIKEHHS eJIeKTPOMAarHiTHOI XBUJIi y
HaMpsIMKY 30ypeHHs . OLiiHeHO NOBXXUHY XBUJI MKy B aICOPOLiIIHOMY CIIEKTpPi BOBUMipHOI KOMGiHOBaHOI
ctpykrypu C/CH sk poroHHOro Kpuctany npu 0%-siil propusalii B HanpsIMKY , 110 BiANoBigae o61acTi MIKOro
pentreHa (0,82 um). [Toganpmuil npouec ¢ropusalii NpU3BOAUTb O 3MillleHHS MiKiB B 00J1ACTb yJIbTPa(ioIeTOBOrO
BUIIPDOMIHIOBaHHS. BCTaHOBJIEHO, 1O Zist CTATUYHOTO TUCKY Ha KOMOiHOBaHy cTpYKTypy C/CH sK pOTOHHOTO
KpUCTay MpU3BOAUTD JI0 IepebynoBY €JIEKTPOHHOI I'yCTUHH Y HAlIPSIMKY KOBaJIEHTHUX 3B'43KiB C-H, 1110 BUK/IMKae
3MiHy IIMPUHU €JIEKTPOHHOI 3a00pPOHEHOI 30HH, aHI30TPOIIIO JlieJIEKTPUYHMX BJIACTMBOCTEN NPV Pi3HMX HaIpsIMKax
BEKTOPA €JIEKTPUYHOTO M0JI 30yPIOI040i €JIeKTPOMArHiTHOI XBUJIi Ta 3CYB MiKiB Y CIIEKTPi OTJIMHAHHS. Bu3HaueHo,
o fedopmaliis BUTMHY K QyHKIiOHai3alifHUH BIIMB [IPU3BOAUTD [0 30i/blIeHHS Pi3HUL 3apsny Y
KoMbiHOBaHMX BUTHYTUX cTpyKTypax C/CH, C/CF, C/CCl Ta 1o 36inblIeHHS MUPUHU 3a00POHEHOI 30HU
NOpiBHAHO 3 HeJehopMoBaHUMHU. 3adikcoBaHO, MO PYHKIIOHANI3allis MOHOLIAPYy YOpHOro pocdopeHa
MOJIEKyJIaMU KapbaMiny IpU3BOIUTH [I0 IEePEPO3IOAiNy eJIEKTPUYHOTO 3apsiay Ta popMyBaHHS HiISTHOK pi3HOTO
3HAKy. BUsiBJIeHO HEMOHOTOHHMI XapaKTep 3MiHM MIMPYHY 3a00POHEHOI 30HM MOHOIIAPY YOPHOTro pocdopeHa
3aJIEXKHO Bif afcOpOLifiHOI BiiCTaHHI MOJIEKYJI KapbaMify, 110 BIJIMBAE Ha Or0 IIPOBiIHICTh, IKOI0 MOXKHA
KepyBaTy KOHTPOJIIOI0YN JIOKasIi3aliio afcopboBaHux MoJieKyJl. Kio4osi cyioBa: GyHKLiOHaNi3allisl, [BOBUMIipHIi
HaIiBIPOBIIHUKOBI MaTepianu, GOTOHHUM Kpucta, rpadeH, JopHuit pocdopeH, eeKTPOHHI BIaCTUBOCTI, POTOHHI

BJIACTMBOCTI, PYHKIiOHAJ €JIeKTPOHHOI I'YCTHMHY, ICEBIONOTEHIIial i3 IePIIMX IPUHIUIIIB.

2. The dissertation is devoted to the study of local chemical, adsorption and mechanical functionalization of two-
dimensional structures based on graphene and black phosphorene. Methods of density functional theory and
pseudopotential from the first principles have been used. Two-dimensional semiconducting materials represent
the thinnest semiconductors, holding novel properties, such as the absence of surface dangling bonds, sizable
band gaps, high flexibility, and ability of artificial assembly. However, there are still some obstacles prohibiting the
practical applications of two-dimensional semiconducting materials, one of which is to improve the device
performance. Improving the properties of two-dimensional materials is an important step in implementing their
multifunctional applications. Therefore, to well understand the factors affecting the device performance is highly
desired. In order to identify new factors influencing the electronic and photonic properties of two-dimensional
semiconductor materials by computational experiment using the author's program code, the following
investigations were performed: calculated the spatial distributions of valence electron densities, the densities of
electron states, the band gap widths, the Coulomb potentials along selected directions, the charge values in
materials in regions of different sizes, the dielectric matrices, the macroscopic permittivities and absorption
spectra. It is established that the combination of non-functionalized and functionalized sections of graphene
according to a pre-planned pattern in one structure gives controlled changes of electronic properties. The
redistribution of electric charge in the plane of graphene-like combined C/CH and C/CF structures with the
formation of regions of different sign is stated. It is determined that the fluorination process as a functionalization
effect causes the redistribution of electric charge between separate sections of two-dimensional combined
C/CFH structures with different concentrations of fluorine atoms. It is shown that as the degree of fluorination
increases, the two-dimensional combined C/CFH structure as a photonic crystal weakens the passage of an



electromagnetic wave in the direction of perturbation. The peak wavelength in the adsorption spectrum of a two-
dimensional combined C/CH structure as a photonic crystal at 0% fluorination in the direction corresponding to
the soft X-ray region (0,82 nm) was estimated. Subsequent fluorination process leads to a shift of the peaks in the
region of ultraviolet radiation. It is established that the effect of static pressure on the combined C/CH structure
as a photonic crystal leads to the rearrangement of the electron density in the direction of covalent C-H bonds,
which causes a change in the band gap, anisotropy of dielectric properties at different directions of the electric
field of the perturbing electromagnetic wave and shift of peaks in the absorption spectrum. It is determined that
the bend deformation as a functionalization effect leads to an increase in the charge difference in the combined
curved C/CH, C/CF, C/CCl structures and to an increase of the band gap width compared to the undeformed
ones. It is recorded that the functionalization of the black phosphorene monolayer by urea molecules leads to the
redistribution of electric charge and the formation of areas of different sign. The nonmonotonic nature of the
change in the band gap of the black phosphorene monolayer depending on the adsorption distance of urea
molecules was revealed. This affects its conductivity, which can be changed by controlling the localization of the
adsorbed molecules. Keywords: functionalization, two-dimensional semiconductor materials, photonic crystal,
graphene, black phosphorene, electronic properties, photonic properties, electron density functional,
pseudopotential from the first principles.
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