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Pedepar:

1. BukoHaHi KBaHTOBOXiMiuHi po3paxyHku (Metog TOT', B3LYP, 6-31G**) piBHOBaxHOi IpOoCTOpPOBOi 6ymoBu AK
mouiekys O2 i H20 Ha knacrepax, ki mogesnoroTs rpati 111 i 100, 03BonnIn BUBHAYUTU €HEPril yTBOPEHHS
c(pOpMOBaHUX NIPU LIbOMY IIPOMI’KHUX CIIOJIYK i aKTUBaLiHUX 6ap'epiB nepexofiB MK HUMU. BcTaHOBIEHA
€K30TE€PMIUHICTb YTBOPEHHSI (3 ypaXyBaHHSIM €HEprill aKTUBaLiHUX 6ap'epiB) BCix MPOMDKHUX CTPYKTYP, 10
BijoOpa’kae JIaBMHOIOi0HE OKMCHEHHSI I0BEPXHi KpUCTaIIYHOTO CUJIILI{IO Mif Iiel0 MOJIEKYJIIPHOTO KMCHIO ab0
BOAM. ATOMM KUCHIO, IKi BUHUKAIOTb I1icJI pO3Nany afcop6oBaHoi MosieKyin O2, yTBOPIOIOTh HA IIOBEPXHi
PO3IJISIHYTUX KaacTepiB Si-O-Si MiCTKY, 0 IPUMUKAIOTh 0 OLHOIO aTOMa CUJILIO, i SIKi € IEHTPOM aTaku
HACTYIHOI MOJIEKYJIM KMCHIO, IIJ0 MOXXe OyTH JI0Ka30M OCTPiBKOBOTO XapakTepy okucHeHHs rpaneit Si(111) Ta Si(100).
Po3paxoBaHi B rapMOHiIYHOMY HabJMKEHH] YaCTOTU i1 (pOpMU HOPMAJIbHUX KOJIMBAaHb aTOMIB a7 COPOLiIHIX
KOMILJIEKCIB i IOBEPXHEBUX CIIOJIYK, 4O CKJIANY SIKUX BXOJUTh aTOMapHUI 260 MOJIEKYJISIPHUI KUCEHb, @ TAKOXK
CITiBCTaBJIEHHS B TUX BUINAJKaX, KOJIU 1€ MOXJIMBO, 3 EKCIIEPUMEHTAIbBHUMU JaHUMU, JO3BOJINIA BCTAHOBUTH iXHIO

iCTOTHY BiIMiHHICTb Bifi 4aCTOT KOJIMBaHb aTOMiB KMCHIO, SIKi 3aXOIUJIIOIOTHCS B MDKBY3JISIX KPUCTAJIIYHOI I'PATKU B



npolieci ogepskaHHs 3pa3KiB cuiinio. [TokazaHo, 10 MOJIOKEHHS CMYT Y PO3paxOBaHUX CIIEKTPax, HacaMIlepe],
3aJI€KUTD Bif], XIMiYHOIO OTOYEHHS aTOMIB KMCHIO, & B IPYTY YEPTY, BU3HAYAETHCS CTPYKTYPOIO KPUCTAIYHOI IPaHi.
JloBeneHo, 1110 BpaxyBaHHS TPUILJIETHOIO OCHOBHOI'O CTaHy MoJsieKyan O2, sika atakye rpasb Si (111), Mae BaxkuBe
3HQUEHHS [1J1s [IPAaBUJILHOTO ONMUCY ii B3aeMOo[Iii He TiJIbKY 3 IOBEPXHEIO KPUCTAJIIYHOTO CUJIILI0, ajle i 3 OyAb-SIKOI0
TBep0(ha3HOIO TOBepxHEl0. BcTaHOBIEHO, o MosteKkysa O2, 3Haxons4rch Ha Bincransax 6inbuie 0,35 HM Bif,
xiacrepa 111, nepebyBae B TpUIJIETHOMY CTaHi I OpieHTOBaHa IepIeHIUKYJISIPHO Moro nosepxHi. [Ipy gocsruenHi
BigcTaHi 0,35 HM B MosieKyJii O2 mif, BIJINBOM ITOBEPXHI BilOyBa€TbCS TPUILJIET-CHUHIJIETHUN NIEPeXi, BiCch
MOJIEKYJIM PO3TalIOBYETHCS IapasieIbHO IIOBEPXHI U [ofasbia eBoIoLis cucremu "knacrep 111+02" BinbyBaeTbcs
y3[I0BX KPHUBOI, 1110 OMUACY€E CUHTJIETHUI CTaH MOJIeKyIIpHOTro AK 111002. Po3paxyHKy piBHOBaKHOI TPOCTOPOBOI
oynoBu Mogedi [1Y Ha NoBepXHi NOPUCTOro CUIlli0, pO3NOLiliB MOJIEKYJISIPHOTO €JIeKTPOCTaTUYHOTO MTOTEHLiany i
MOJyJIsl HAIPY>KEHOCTI €JIEKTPOCTAaTUYHOTO I10JIs1 O3BOJIMJIA 3PDOOUTHU BUCHOBOK, 10 B OKOJIi [1Y HanpyXeHicTb
II0J1iB OCATa€ TaKMX 3HAYEHD, SIKi PA30M i3 30BHIIIHIM JIA3€PHUM BUNPOMIHIOBAHHSAM 3HAYHO IOJIETLIYIOTh
ionizarjio nonepenHbo afCcOpOOBAHUX MOJIEKYJI OpraHiYHUX pe4oBUH. Ha npukiagi MoJieKkyau nipugoKCUHy
3'ICOBAaHMII MEXaHi3M YTBOPEHHS B YMOBAx Jla3epHOI ioHi3allii/gecopouii Ha NOBEPXHi IOPUCTOrO CUJILIi0

IIPOTOHOBAHUX MOJIEKYJISIPHUX iOHIB i JaHa TEOPETUYHA iHTEpIIPETAallisl Mac-CIIeKTpa (PpParMEeHTHUX i0HIB.

2. Quantum chemical calculations related to the equilibrium spatial structures of the complexes of O2 and H20
molecules adsorbed on the (111) and (100) faces of crystalline silicon were performed. Calculations were based on
density functional theory and made use of the B3LYP method and the 6-31G** basis set. The energy of formation
of the intermediate compounds and the values of the activation barriers for transitions between them were thus
calculated. The heat released during the formation of all intermediate structures was calculated with the energy of
activation barriers being taken into account. The exothermicity reflected the spontaneity of oxidation of the
surface of crystalline silicon under the influence of molecular oxygen or water. The oxygen atoms that appear after
dissociation of the adsorbed O2 molecule were found to form Si-O-Si bridges on the surface of crystalline silicon,
that are adjacent to one silicon atom (the center of the subsequent attack of the oxygen molecule). This might
confirm the insular nature of the oxidation process on the Si (111) and Si (100) faces. Frequencies and modes of
normal vibration of the atoms in the adsorption complexes and surface compounds were calculated with the
harmonic approximation. An essential difference was found between the vibrational frequencies of oxygen atoms
in interstitial positions of the crystal lattice and the frequencies of adsorbed atomic and molecular oxygen. These
results were confirmed by comparison with experimental available data. It was also found that the position of the
bands in the calculated spectra is primarily dependent on the chemical surroundings of oxygen atoms, while the
structure of the involved crystal faces plays only a secondary role. It was proved that the inclusion of the triplet
ground state O2 molecule attacking the face of the Si (111) is essential for a correct description of its interaction,
not only with the surface of crystalline silicon but also to any solid surface. The calculations revealed that the O2
molecules at distances greater than 0.35 nm from the Si (111) cluster are in the triplet state and perpendicularly
oriented to the Si (111) plane. At 0.35 nm the surface influence would trigger the triplet-singlet transition.
Thereafter the axis of the molecule would become parallel to the surface and the subsequent evolution of the (111)-
02 complex would follow a curve typical of a molecular adsorption complex. Calculations of the equilibrium spatial
structure of the model of pyramidal formations on the surface of porous silicon were also performed. The
distribution of the molecular electrostatic potential and the intensity module of the electrostatic field indicate that
the electrostatic field near pyramidal formations has enough strength to enable the ionization of adsorbed organic
molecules upon radiation with an external laser. The thus described approach was used to rationalize the
mechanism of formation of protonated molecular ions of pyridoxine adsorbed on silica, during an experiment of
laser ionization / desorption. The theoretical interpretation of the mass spectra of fragment ions was thus
clarified.
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