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PE®EPAT JUIIJIOMHOM PABOTbHI

I'opoaxo T.H.

Onruyeckue U 3JIEKTPOHHbIE XapaKTEePUCTHKHU
(pyHKIHOHATM3UPOBAHHBIX HAHOILIACTHH OKCH/A rpadeHa.

Hayunblii pykoBoaMTENb — JAOLEHT Kadeapbl JazepHOM (U3MKH WU
cnektpockonuu bI'Y, kauaunar xumMudeckux Hayk, JIyrosekuii A. A.

HayuHblli KOHCYJBTaHT — BENYLIMW HAay4yHbId COTpyAHMK MHctuTyTa

anepHbix npobiem BI'Y, kannunat ¢pusnko-matematuueckux Hayk Kyxro A. B.

JIuruioMHOe HccleJoBaHUEe COCTOUT M3 BBEIEHUS, 3 TIJIaB, 3aKIIOYCHMS,
CIHCKA UCTIOJIb30BAHHBIX UCTOYHUKOB (18) m 3anumaet 56 ctpanui. B qummoMHoi
paboTe mpecTaBiIeHo 2 TaOIHIlbl, 9 PUCYHKOB.

KIIIOYEBBIE  CJIOBA: okcuj  rpadeHa, byHKIIMOHANM3AIUS,
TEOpeTU4eCcKasi MOJIeb, CIICKTPhI noriomeHus, Gaussian.

O0bexT HccaeaoBaHusi — 00pasipl (YHKIIMOHATU3UPOBAHHOTO OKCHA
KOPOHEHa.

Lear wucciaenoBaHusi: C IOMOIIBIO MporpaMMHOro mnakera Gaussian
UCCIIEZIOBATh TEOPETUUYECKUE MOJIEKYJIBI OKCUAa TpadeHa, B KauecTBE KOTOPOTO
UCIIOJIb30BAJICA KOPOHEH M CPaBHUTH IIOJYYEHHBIE TEOPETHYECKH CIEKTPHI
HOTJIOIIEHUS C DKCIIEPUMEHTAIbHBIMU CIEKTpamMu HOTJIOIIEHNUS
(YHKIMOHAIM3UPOBAHHOTO OKCHAA KOPOHEHA U aMUHOIIapaTeppeHuIa.

Metoapl  ucciaenoBaHusi:  QYHKIIMOHANbHAas  TEOpUsS  IUIOTHOCTH,
a0COpOIIMOHHAS CKITETPOCKOITHS.

B namno#t  mumimomHOM  paboTe  TMPOBEACHO  TEOPETUYECKOE U
AKCIIEPUMEHTAJIbHOE HCCJICJOBAHME ONTHYECKUX M DJIEKTPOHHBIX CBOWCTB
(GYyHKIIMOHAIM3WPOBAHHBIX HAHOIUIACTUH OKcuaa rpadeHa. B kadectBe mojaenu
HCIIOIb30BaH KOPOHEH M €ro OKCHAHBIC (POPMBI, YIPOIIEHHO BOCIPOU3BOIAIINE
cTpykTypy rpadena. g (GyHKOMOHAIW3AIUMU MPUMEHSIUCh  MOJICKYJIBI
amuHomaparepdeHnsIa U TuaMruHonapaTepPpeHmia.

C ucnonp3oBaHUEM TIPOrpaMMHOro obecnieuenust Gaussian ¥ METOJ1a TEOPUU
dynakimonana mioTHocTd (DFT) BeITTONHEHBI KBAaHTOBOXMMUYECKHE PACUETHI
F€OMETPUM, MOJIEKYJSIPHBIX OpOUTAIEl M CHEKTPOB MOTJIOMICHUS PA3IUYHBIX
CTpYKTYyp. B "yacTHOCTH, MCCIeA0BANNCh U3MEHEHHUS B PACIPEIEICHUN 3apsiioB U
sHeprerudeckux ypoBHIsX HOMO nu LUMO npu GyHKIIMOHATH3AIUHA KOPOHEHOBBIX

CTPYKTYD.
PesynbTaThl pacu€ToB MOKa3anu, 4YTO (PYHKUHUOHANW3AIUs TMPUBOJIUT K

CHIKEHUIO sHeprerndeckoro 3azopa HOMO-LUMO. bpuio ycTaHOBIEHO, 4YTO
CIEKTPBHI MOMIOLIEHUS (PYHKIIMOHATU3UPOBAHHBIX CTPYKTYP IEMOHCTPUPYIOT CABUT
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MakCUMyMOB B JUIMHHOBOJHOBYIO  00JIacTb,  4YTO  IOJITBEPXKIAETCS
AKCIIEPUMEHTAIbHBIMU  JaHHBIMU. (Oco0oe BHUMAaHUE YJEJIEHO CPaBHEHUIO
TEOPETHYECKUX CIIEKTPOB C DKCIIEPUMEHTATBHBIM CIIEKTPOM
(GYHKIMOHAIM3UPOBAHHOIO OKCHJAAa KOpoHeHa. Hawmnyumiee coBmageHue 1o
MOJIOXKEHUI0 MAaKCUMyMOB HaOmmoAaeTcss JUisl CTPYKTYp, COOTBETCTBYIOLIUX
(YHKIMOHAIM3UPOBAHHOMY OKCHUy KOPOHEHA TUaMUHoNaparep(eHuIoMm B OHOU
IIJIOCKOCTH u (YHKIMOHATU3UPOBAHHOMY OKCHIlY KOpPOHEHA
auamMuHonaparepeHuIOM NEePHEeHAUKYISIPHO TUIOCKOCTAM, YTO CBUAETEIbCTBYET
00 MX BBICOKOH JOCTOBEPHOCTH.

PaGora monarBep:kmaeT NPUMEHHUMOCTb  KOPOHEHOBOM  MoOAeNnu U
JEMOHCTPUPYET  MEPCHEKTUBHOCTh  (PYHKIMOHANU3AIMM  OKcHaa  rpadeHa
JVUHEWHBIMH apOMATUYECKUMHU COCIWHEHMSIMU I CO3JaHUs HOBBIX IMOPHUCTHIX
AJIEKTPOIIPOBOIHBIX HAHOMATEPHUAJIOB.



PO®EPAT JbIIIJIOMHAM PABOTbHI

I'apaako T. 1.

ANTBIYHBIA | JIEKTPOHHBIA XAPAKTAPBICTBIKI (PYyHKUBISIHATI3aBAHBIX
HAHAIVIACIIH aKicjeHara rpageny.

HaBykoBbl KkipayHik — JaudHT Kadenpsl jasepHail ¢i3iki 1 ceKkTpackarii
BJ1Y, xanapinar ximiuHbix HaBYK Jlyraycki A. A.

HaBykoBbl KaHCYJIbTaHT — BsIAY4Ybl HAaBYKOBBI CYIpallOyHIK IHCTBITyTa
an3epHbix npadsiem BJY, kanapigaT ¢izika-maTamMaThiuHbIX HaBYK KyxTta A. B.

JpimnomHas paboTta ckiajaelnia 3 yBoj3iHay, 3 paszazernay, 3aKIIOUIHHS,
cricy BhIKapbICTaHbIX KpbIHIL (18) 1 3aiimae 56 crapoHak. Y mpaiisl npajcTayaeHbl
2 Tabuminsl 1 9 MaToHKay.

KarouaBbisi c10BBI: akicieHbl rpadeH, QyHKIBITHATI3AIbIA, TYapIThIUHAS
MaJI3J1b, CTICKTPHI MaribiHaHHA, Gaussian.

A0’eKkT JaciaegaBaHHsi — Y30pbl (YHKIIbISIHANI3aBaHara axiciieHara
KOPOHEHY.

Mbsra paciienaBaHHsi: 3 Janamorail mparpamHara makera Gaussian
JacieiaBaib TIAPITHIUHbBIA MaJleKyJbl akciny rpadeHy, y sKacii Maadii sKora
BBIKAPBICTOYBAYCsl KapoOHEH, 1 TapayHallb aTpbIMaHbIs TIAPIThIYHA CHEKTPHI
narJibIHaHHS 3 HKCIIEPHIMEHTAIBHBIMI CHeKTpami narJibIHaHHS
dbyHKIBIIHATI3aBaHara akcily KapoHEHY 1 aMiHanapaTIpQeHiTy.

MeTtaabl faaciaenaBaHHsi: TI0pbIs  (GyHKIbIIHATA 1rdsbIbHACIl (DFT),
narjiblHaJIbHas CTIEKTPACKaIis.

Y  nmam3eHaid  ABIIDIOMHAd — mpambl  IpaBeA3eHa  TIApAIThIUHAEe 1
AKCIIEPhIMEHTANIbHAE Jaclie]aBaHHE AaNTBIYHBIX 1 SJEKTPOHHBIX YJacCI[iBacIeH
GbyHKIBITHATI3aBaHBIX ~HAHAIUIACI[IHAK akcinmy Tpadeny. VY skacmi Mamdii
BBIKAPBICTAHBI KapOHEH 1 ST0  akicleHbls (GOpMBI, IITO  CHpOITYaHa
aUTIOCTPOYBAIOIb CTPYKTYpy Tpadeny. s (yHKIBISHATIZAIBI MPBIMSHSIIICS
MaJIeKyJbl aMmiHanapaTIpdeHiny 1 nplaminamapapdeHiny.

3 BBIKaphICTAaHHEM TparpamHara 3abecrnsudHHs Gaussian i MeTagy TIOpPHIi
¢dynkipisiHana mysUibHacii (DFT) BeikaHaHBI KBaHTaXIMIYHBIS Pa3iiKi reaMeTphli,
MaJIeKyJISAPHBIX apOiTansty 1 CHEeKTpay TMarjiblHAaHHA PO3HBIX CTPYKTyp. Y
MPBIBATHACIII, JacieaBaiicsi 3MEHBI Y pa3MEpKaBaHHI 3apajiay 1 dHEPreThIYHBIX
y3poyusy HOMO i LUMO nipsl pyHKIBISIHATI3AIBI KAPOHEHABBIX CTPYKTYD.

BreiHiki pasmikay makaszami, mMTo (QYHKIOBISHATI3ANbBIA TPBIBOA3ING Ja
3MSIHIIAHHA 3HepreTeiuHara 3a3o0py HOMO-LUMO. VYcraHoyneHna, mITO CEKTPbI
narJibiHaHHS (QYHKIBITHATI3aBaHBIX CTPYKTYP AIMAHCTPYIONb 3pyX MakciMymay y
JayraxBaJieByl0  BOOJAcIlh, IITO  TANBApPKACHIAa  OKCIEPBIMEHTAIbHBIMI
nan3eHbiMi. AcaOiiBasi yBara HajJaj3eHa MapayHAHHIO TAAPATHIUHBIX CHEKTpay 3
AKCHEPHIMEHTAJIBHBIM ~ CIIEKTpaM  (yHKIIbISIHANII3aBaHAara akcily KapoHEHY.
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Haiineniae cymnajn3eHHe Ma CTaHOBIIIYBI MakKciMyMay Hasipaela JUisi CTPYKTYp,
LITO aJnaBsAaonb (G yHKUBIIHAI3aBaHAMY akciny KAPOHEHY
JblaMiHANapaTIPPEHUIOM y aJHOM IJIocKacul 1 (yHKUbISIHAI3aBaHaMy akKciay
KapOHEHY JblaMiHamapaTIp(PeHIoM TepHneHIbIKYIsIpHa IUJIOCKACISM,  IITO
CBEUbILb IIPa 1X BHICOKYIO JAKJIaHACIb.

[Ipama nangsp/pkae TpbIMAHSUIBHACIL KapOHEHaBal MaJdil 1 JOMaHCTpye
MepCHeKThIYHACHb (PYHKIBISTHAI3AIbI1 aKCily rpadeHy JIIHEWHbIMI apOMAThIYHBIM1
3ITYYSHHSAMI 17151 CTBAPIHHS HOBBIX JIEKTPANPABOAHBIX HAaHAMATIPhIsIAY.
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Object of research — samples of functionalized coronene oxide.

Research Objective: To use the Gaussian software package to theoretically
investigate graphene oxide molecules, using coronene as a model, and to compare
the theoretically obtained absorption spectra with the experimental spectra of
functionalized coronene oxide and aminoparaterphenyl.

Research Methods: Density Functional Theory (DFT), absorption
spectroscopy.

This thesis presents both theoretical and experimental studies of the optical
and electronic properties of functionalized graphene oxide nanoflakes. Coronene
and its oxidized forms were used as simplified models representing the structure of
graphene. Functionalization was carried out using aminoparaterphenyl and
diaminoparaterphenyl molecules.

Quantum chemical calculations of geometries, molecular orbitals, and
absorption spectra of various structures were performed using Gaussian and the
Density Functional Theory (DFT) method. In particular, changes in charge
distribution and the energy levels of the HOMO and LUMO orbitals upon
functionalization of coronene-based structures were investigated.

The calculation results showed that functionalization leads to a reduction in
the HOMO-LUMO energy gap. It was found that the absorption spectra of the
functionalized structures exhibit a redshift (shift toward longer wavelengths) of the
absorption maxima, which is consistent with experimental data. Special attention
was paid to comparing the theoretical spectra with the experimental spectrum of
functionalized coronene oxide. The best agreement in the position of the maxima
was observed for structures corresponding to coronene oxide functionalized with
diaminoparaterphenyl in the same plane and perpendicular to the planes, indicating
high reliability.



This work confirms the applicability of the coronene model and demonstrates
the potential of graphene oxide functionalization with linear aromatic compounds
for the development of new electrically conductive nanomaterials.



	РЕФЕРАТ ДИПЛОМНОЙ РАБОТЫ
	РЭФЕРАТ ДЫПЛОМНАЙ РАБОТЫ
	GRADUATE PROJECT ESSAY

