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V. BimoMocTi npo gucepraniio
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Tema gucepranii:
1. KBanTOBO-XiMiuHE MOJI€/II0BaHHS rpadeHONOiOHNX HAHOKJIACTEPIB

2. Quantum-chemical modeling of graphene-like nanoclusters

Pedepar:

1. Metogom DFT (U-B3LYP, 6-31G (d,p)) BuKOHaHi po3paxyHKU PiBHOBaXHOI OYyI0OBY BYIJI€L,€BUX HAHOKJIACTEPIB

(BHK) rexcaronanbHoi ¢opmu C6 C294 ta BnacTuBocTeil sIK 6e311epeKTHUX, TaK i TAKUX, SIKi MiCTSTh BakaHCii abo

BIIPOBa>KEHi y rpadpeHoBY ciTky aromu N (po3ginu 2 - 4). BctaHoB/I€HO, 1[0 OCHOBHUM esleKTpoHHUH cTaH (OEC)

BHK C54 - C294 i nedekTOBMiCHUX, a TAaKOX crucTeM, oTpuMaHux 3 [IAM C96H24 BunaneHHSIM 3 MOJIEKYJIA OJJHOTO

4y 1BoX aToMiB KapOoHy, — He € cuHrieTHUM. Y 6e3nedeKkTHoro Ta nedpeKTOBMICHUX KacTepax MOJIEKYJISIpHi
opb6itaini (MO), po3nogineHi no noapinHuM (i Maike NOTPIiHMM) 3B's13KaM KPaloBOro IUKJIIYHOTO JIQHIIIOTa,

3aJIMIIAIOThCS BAKAHTHMMMU, X04a BiIIOBiHI IM €Hepril BUSBIISIOTbCSI HUKYMMU €HEPTil NEesIKUX 3aHITUX



¢dpouTtanpHux MO. OEC izomepis BHK C95N y 3ayeskHOCTI Bif 0JI0>keHHs y HuXx atoMa N - He Ty6IeTHUN.
Makcumym JiHii piBHs N1s y criektpax kiactepiB C95N, C94N2 ta C93N3 xapakTepu3yeThCsl IO3UTUBHUM XIMIYHUM
3CYBOM II0/I0 TI0OJIOXKEHHS L€l JliHil y MosieKysli MmeTunaMiny. Peakiist nucouiaTvBHOI afcopo6uii mosiekynu H2 Ha
a30T- i DOPOBMICHMX MaTPUIISIX — €K30TEPMIiUHa, a [I71S1 MOJIE€JIi YMCTOI BYIJIEl|€BOi MaTpUlli — eHJoTepMiuHa (po3ain
5). EnepreTuyHi napameTpy xeMoCopOLii BKasyloTb Ha Hee(EKTUBHICTb BUKOPUCTAHHS BUKJIIOYHO BYIJIELIEBUX
marepiasiB nj1s1 xiMmiuHoi agcop6uii mosiexynu H2 KaTanitiyHy akTuBHIiCTb fonoBaHoro N rpadeny B peakiiii
BigHOBJIeHHS KMCHIO (PBK) MOKHA MOSICHUTY ABOMA (PaKTOPaMu: MaJIOI0 IMPUHOIO 3a00POHEHOI 30HU B
a30TOBMIiCHUX KJIacTepax i aktuBauieto atomis C atomamu N (po3gin 6). Kitodosi cnosa: rpaden, BHK, meton DET,

BaKaHCcii, 1edeKTOBMIiCHI KjlacTepy, CIIiHOBI CTaHH, onyBaHHS aromamu N Ta B, PBK.

2. Calculations by the quantum chemical method DFT using U-B3LYP, 6-31G (d, p) have showen that the electronic
ground state (EGS) of ideal hexagon-shape carbon nanoclusters (CNC) C54 - C294 is not singlet. Their equilibrium
spatial structure is such that the 2pz-orbitals of the atoms of the boundary cyclic chain (BCC) form a conjugate
system weakly bound to the n-system of the inner part of the cluster, which allows it to be considered relatively
independent. The distributions of the molecular electrostatic potential for their EGS have significant anisotropy,
determining their electron and proton donor properties. The spectrum of one-electron energy levels in them is
such that the molecular orbitals (MO) distributed along the BCC bonds remain vacant, although the corresponding
energies are lower than the energies of some occupied frontier MOs. For small CNC of high symmetry, the usual
dependence of the band gap on the number of atoms is not realized, due to the presence in them of twice-
coordinated carbon (C(2)) atoms. The properties of CNCs and similar in structure and gross composition of
polyaromatic molecules (PAM) differ significantly. This is especially true for the high-spin states of CNCs and the
presence of two loosely coupled systems. For defect-containing clusters obtained from C96 CNC of ideal
hexagonal shape by removing one (C96-1(1)) or two non-adjacent (C96-2(1)), or one (C96-1(2)) or two (C96-2(2))
non-adjacent pairs of carbon atoms, it is found that, despite the even number of electrons in them, the GES is not
singlet. A similar conclusion is valid for systems that are obtained by removing from PAM C96H24 of one or two
non-adjacent carbon atoms. The EGS of C95N isomers obtained from C96 CNC by replacing one carbon atom with
a nitrogen atom (CNC-N) is in some cases, dependent on the position of the N atom, not a doublet. The most stable
of the C95N clusters are those in which the Nitrogen atom occupies a pyridine position at one of the zigzag edges.
The maximum of the core level line Nis in the calculated density spectra of single-electron states of CNC C95N,
C94N2 and C93N3 is characterized by a positive chemical shift relative to the position of this line in the reference
nitrogen-containing compound - methylamine. The magnitude of the chemical shift of the core level Nls is the
smallest for the pyridine arrangement of the nitrogen atom and increases as the distance of the N atom embedded
in the graphene matrix from the zigzag edge is removed. The reaction of dissociative adsorption of molecular
hydrogen on nitrogen- and boron-containing graphene-like matrices is exothermic, and for models of pure carbon
graphene-like matrix, the calculated data indicate a low probability of chemical adsorption of the H2 molecule on
normal conditions. Regardless of the size of the polyaromatic molecule, for a pure carbon analogue, the energy
value of the lower vacant molecular orbital has the lowest absolute value and the highest for boron-containing,
indicating the highest electron acceptor capacity and therefore oxidative capacity relative to the hydrogen
molecule as a reducing agent. The catalytic activity of nitrogen-doped graphene in the oxygen reduction reaction
(ORR) can be explained by a combination of several factors, namely the reduction of the band gap in nitrogen-
containing clusters compared to the original, purely carbon, cluster and the activation of carbon atoms by the
neighbor nitrogen atoms. In the proposed consideration of ORR, there was used one of the possible structures that
are formed by doping the original pure carbon graphene matrix. At other mutual arrangements of nitrogen atoms
other types of activation of carbon atoms which are neighbors of the N atoms embedded in a matrix are possible
dependent on the microstructure of the active sites formed during the chemical production of nitrogen-doped
samples of graphene. Keywords: graphene, CNC, DFT method, vacancies, defectcontaining clusters, spin states,
doping with N and B atoms, ORR.
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