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Conomenko A.I'. ®OyHKITIOHATI3AIS JABOBUMIPHUX HAaIIBIPOBITHUKOBUX

MmatepianiB. — KBamidikariiina HaykoBa Tpailsi Ha MpaBax PyKOIHCY.

Hucepraiiiss Ha 3700yTTS HAyKOBOTO CTyIeHs JokTopa diutocodii 3a
cnemianpHicTIO 104 ®Dismka Ta actpoHoMmis (Di3WKa KOHJICHCOBAHOTO CTaHY). —

Opnecbkuii HalioHAJIBHUH yHIBepcuteT iM. 1.I. MeunukoBa, Opeca, 2020.

JlucepTallito NPUCBIYEHO BUBYEHHIO JIOKAJBHOI XIMIYHOI, aacopOIiitHOT Ta
MexaHIYHOi (PyHKITiOHami3aIli JBOBUMIPHUX CTPYKTYp Ha OCHOBI TpadeHy Ta
yopHoro ¢ocdopeny. JochaipkeHHS BUKOHaHI  MeToAaMu  (YHKI[IOHATY
€JIEKTPOHHOI TYCTHHHM Ta IICEBAONOTEHLIANY 13 MEPIIUX MPUHIUIIIB.

JIBOBUMIpHI HAMIBIPOBIAHUKOBI MaTepiaiy SBJISIIOTh COOO HAWTOHIII
HaIlIBIPOBIJTHUKH, SKI BOJOJIIOTh HOBHUMH BIIACTHUBOCTSIMH MOPIBHSHO 31 CBOIMU
00’emHUMH aHanoramu. OCHOBHMMHM iX IepeBaraMM € TOBIIMHA B OJUH a0o
JIeK1JIbKa aTOMIB, BIJICYTHICTh ITOBEPXHEBO O0IPBAaHUX 3B'S3KIB, YUMaJl 3a00pOHEH1
30HU, BHCOKAa PYXJIUBICTh HOCIiB, BHCOKa THYYKICTh Ta 3JaTHICTh IITYYHOTO
noenHanHs. Jlocl  ICHYIOTb MEpelKOaW, M0 3aBAKAIOTh MPAKTUYHOMY
3aCTOCYBaHHIO JIBOBUMIPHHMX HAaIIBIPOBIJHUKOBUX MarepiaiiB, OJHa 3 HHUX —
OPOAYKTUBHICTh MPHUCTPOIB, fKa, HAcaMIIepes, 3aJIeXKUTh BIJ EIEKTPOHHHUX
BJIACTUBOCTEN MarepiaiiB B iX ocHOBI. [lominiieHHs: BIACTUBOCTEN TBOBUMIPHHUX
MaTepiaiaiB € BaXIMBUM KPOKOM JUIsl peanizamii ix OararoyHKIIOHAJIbHUX
3acTocyBaHb. OTxe, NOTpeOYyIOTh BHU3HAYCHHSA IMIAXOAM J0 Moaudikarii
BJIACTUBOCTEN JBOBUMIPHHUX MareplajiB. 3 METOI0 BUSBICHHA HOBHUX (DaKTOpPiB
BIUIMBY  HA  CJEKTPOHHI Ta  (OTOHHI  BJIACTHBOCTI  JIBOBHUMIPHHX
HaIIBMPOBITHUKOBUX MAaTepiaiiB IMUIIXOM OOYHCIIOBAIBHOTO EKCIEPUMEHTY 3
BUKOPUCTAHHSAM AaBTOPCHKOTO MPOrPaMHOrO KoMy Oyiau TpOBElIEHI Taki
JOCTI/PKEHHS:  PO3PaxOBaHO MPOCTOPOBI  PO3MONIIM TYCTHUH  BaJIEHTHHUX

€JIEKTPOHIB, TYCTUHU €JEKTPOHHUX CTaHIB, IIMPUHU 3a00pPOHEHUX 30H,



KYJIOHIBCbKI TOTEHLIAIN Y3[0BXK OOpaHMX HaMpsMKiB, 3HAUYCHHS 3apsAliB Yy
MaTepiajgax B 00JacTsIX Pi3HOTO PO3MIpy, AIENEKTPUYHI MATPHUIll, MAKPOCKOMIYHI
BIJIHOCH1 TPOHUKHOCTI Ta CIIEKTPU MOTJIMHAHHS.

Bcranosneno, 110 o€ JHAHHS He(YHKITIOHATTI30BaHUX Ta
GbyHKITIOHATI30BaHUX JIISHOK TIpadeHa 3a Harepe] CIUIAHOBAaHUM MAaJlOHKOM B
OJIHY CTPYKTYPY Ja€ KOHTPOJIbOBAHI 3MIHU €JIEKTPOHHHUX BIACTUBOCTEM.

KoncTaTtoBaHo mepepo3NOIICHHS €JIEeKTPUYHOTO 3apsAay Yy IUIOLIWHI
rpadenononionnx komOiHoBaHux cTpykryp C/CH Ta C/CF 3 yTBOpeHHSIM
o0nacTel pi3HOTO 3HAKY.

Buznaueno, mo mnpouec ¢ropuzamii sSK (QyHKIIOHAMI3AUIMHANA BIUIUB
CIOPUYMHSIE TMEPEePO3NOAUT ENEeKTPUYHOTO 3apsAAy MIDK OKPEMUMH JUISTHKaMU
nBOBUMIpHUX KOoMOiHOBaHMX CTpyKTyp C/CFH 3 pi3HOIO KOHLEHTpali€o aTOMiB
¢ropy.

[Tokazano, o mpu 30UIBIICHHI CTymeHsa (Qropu3aiii JBOBUMIpHA

koMmOiHoBaHa cTpykTypa C/CFH sk hoTOHHUN KpUCTall MOCIA0II0€ TPOXOIHKEHHS

€JIEKTPOMATHITHOI XBHJII y HanpsamKy 30ypenns E || X .
O1iHeHO JOBXKHUHY XBWII MIKy B aJCOpPOIIHHOMY CIEKTPl JBOBUMIPHOi

koMO1HOBaHO1 cTpykTypu C/CH six doTonHoro kpucrany npu 0%-Biid ¢ropuszanii

B nampamky E|| X, mo Bignosimac obmacti M’sikoro pentrena (0,82 Hm).
[Momanpmuit mporec ¢ropuszaiii TPU3BOAUTH 1O 3MIMIEHHS TMiKiB B 00JacTh
ybTPadi0IETOBOTO BUIIPOMIHIOBAHHS.

BcranoBiieHo, 110 il CTATHYHOTO THUCKY Ha KoMOiHOBaHy cTpykTypy C/CH
K (OTOHHOrO KPHUCTANy MPU3BOAUTH 10 IMEpeOya0BU ENEKTPOHHOI T'YCTUHH Y
HaIpsIMKY KOBaJieHTHUX 3B’s13kiB C-H, 110 BUK/IMKa€e 3MIHY IIUPUHU €IEKTPOHHOI
3a00pOHEHOT 30HUW, AaHI30TPOIII0 MJIEJIEKTPUUYHUX BIACTUBOCTEH MpU PIZHUX
HaIpsIMKaX BEKTOpPA €JIICKTPUYHOTO TMOJIsI 30yprOr0Y0i €IeKTPOMAarHiTHOT XBUJIl Ta
3CYB IIKIB y CIEKTP1 NOTJIMHAHHS.

Busznaueno, mo naedopmariisi BUTMHY SK (YHKIIOHATI3AMIMHUN BILTUB

OPU3BOAUTh [0 3OUIBLIEHHS pI3HUII 3apsiay y KOMOIHOBaHUX BUTHYTHX



crpykrypax C/CH, C/CF, C/CCI ta no 30inblueHHS MIUPUHA 3a00pOHEHOI 30HH
MOPIBHSAHO 3 He1e(POPMOBAHUMU.

3adikcoBaHo, 1m0 (QYHKIIOHAMI3alls MOHOIIAPYy 4YopHOro docdopeHa
MOJIEKYyJIaMH KapOaMiTy TPHU3BOAUTH 0 MEPEPO3NOILTY SAESKTPUIHOTO 3apsaay Ta
dbopMyBaHHS AUISTHOK PI13HOTO 3HAKY.

BusiBiieHO HEMOHOTOHHUH XapaKTep 3MiHM IIHPUHH 3a00pPOHEHOT 30HU
MOHOIIapy 4YOpHOTO (ocopeHa 3aJeHO Bia afcopOLiifHOT BIACTAHHI MOJEKYJ
KapOamify, IO BIUIMBAa€E HA MOro TMPOBIJHICTh, SKOK MOXHA KepyBaTH

KOHTPOJTIOIOYH JIOKAJII3aIii0 aAcOPOOBAaHMX MOJIEKYIL.

Knrouoei  cnosa: dyHKIIOHAMI3AIIsA, JBOBHUMIPHI  HAMiBIPOBIIHHKOBI
Matepianu, (OTOHHMI Kpuctan, rpadeH, 4YopHU QocopeH, eTeKTpOHHI
BJIACTUBOCTI, (DOTOHHI BJIACTHBOCTI, (PYHKI[IOHAJ EJIIEKTPOHHOI TYCTHHH,

MICEBIOMOTEHIIIAN 13 MEPITUX MPUHITUIIIB.



ABSTRACT

Solomenko A.G. Functionalization of two-dimensional semiconductor

materials. — Qualifying scientific work on the manuscript.

Thesis for philosophy doctor’s degree by specialty 104 Physics and
astronomy (Condensed matter physics) — Odessa I.I.Mechnikov National
University, Odessa, 2020.

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 E I X 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

E|| X 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/CCI
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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