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Tema gucepranii:
1. KBaHTOBOXIMIYHE [OCIiIPKEHHS NECTPYKLiI alleTUIICalillI0BOi Ta aCKOPOiHOBOI KUCJIOT i ricTaMiHy,

azcop6boBaHUX Ha MIOBEPXHi KpEMHE3eMy

2. Quantum chemical study on the destruction of acetylsalicylic acid, ascorbic acid, and histamine adsorbed on
silica surface

Pedepar:

1. luceprario IpuCBsI4EHO TEOPETUYHOMY JOCIIIKEHHIO MEXaHi3MiB IECTPYKLii MOJIEKYJI OPraHiYHMX PEYOBNUH,
110 aficOpOOBaHi Ha MIOBEPXHi KpEMHE3EeMY, HEEMITIDUYHUM MeTOoM XapTpi-Poka Ta MeTomom Teopii PpyHKIioHaIa
ryctunu (DFT) 3 BUKOpUCTaHHSIM Pi3HUX 6a3MCHUX HabopiB Ta PyHKLiOHATIB 3a foromorolo rnporpamM USGAMESS,
PCGAMESS ta GAUSSIAN 09. [lociigskeHo nucouianiio MOJIEKYIM OPTOCUIIKATHOI KUCJIOTH Y BOGHUX KJIaCTepax.
Po3paxoBaHO TepMOIMHAMIYHI XapaKTEPUCTUKY PeaKLii nepeHeceHHs IPOTOHA Bifl MOJIEKYJIX OPTOCUIIIKATHO]
KHUCJIOTH O MOJIEKYJIA BOJIA Ta KOHCTaHTA PiBHOBAru LbOTO MPOLECY. PO3rIIHYTO MeXaHi3MU TigPOJiTUYHOI
IeCTPyKLii aleTuscaninuaoBoi KUCIOTH Y BOOGHOMY po3unHi npu pH Bif 4 no 8,5, a TakKoXX 3a y4acTIo IOBEPxHi
KpeMmHe3eMy. [TokaszaHo, 10 BHACAiLOK cielr@iuHoi B3aeMoii NOBEPXHi KpEMHE3EMY 3 MOJIEKYJIAaMU BOOM i
aLeTUJICAIIUIIOBOI KUCIOTU €HEePrisd akTUBaLlil ii rigposiisy MeHIla, HixXX Y BOGHOMY pO34nHi. JlocmigKeHHs

MeXaHi3MiB OKMCHEHHS MOJIEKYJIIPHUM KMCHEM MOJIEKYJIU Ta MOHOQHIOHa aCKOPOiHOBOI KUCJIOTH Y BOJHOMY



CEepenoBuIIi 0KA3aslo, 10 32 3BUYaHUX YMOB MoJieKya O2 Kpallle B3aeMOZi€e 3 4aCTKOBO JUCOLIMOBAHOIO
MOJIEKYJIOI0 aCKOPOiHOBOI KUCJIOTH, HixX i3 il HepucouiioBaHoo GopMmoro. Ha roBepxHi KpeMHe3eMy eHeprist
aKTUBallii OKMCHEHHS aCKOPOiHOBOI KUCJIOTH € BULOIO, Hi’K Y BOJHOMY PO34MHi. JloCiikeHo MexaHi3sMu
TePMOJECTPYKLii ricTaMiHy y BiJILHOMY Ta B XeMOCOPOOBAaHOMY Ha [1IOBEPXHi KPEMHE3EMY CTaHAX, SIKa BilOyBA€ThCS

B YMOBax TEMIIEPATYPHO-TIIPOrPaMOBAHOr0 1€COPOLIITHOIO MaC-CIIEKTPOMETPUYHOTO €KCIIEPUMEHTY.

2. The thesis is devoted to the theoretical study on the mechanisms of degradation of organic substances adsorbed
on silica surface by ab initio Hartree-Fock and density functional theory methods using various basis sets and
functionals (USGAMESS, PCGAMESS and GAUSSIAN 09 program packages). The dissociation of orthosilicic acid
molecule in water clusters has been studied. Thermodynamic properties of the reactions of proton transfer from
orthosilicic acid molecule to water molecules and the equilibrium constant of this process have been calculated. It
has been shown that the values of dissociation constants of orthosilicic acid in water closest to the experimental
findings are those given by DFT calculations involving the effect of solvent. The mechanisms of hydrolytic
degradation of acetylsalicylic acid in aqueous solution at the pH values within 4 to 8.5 as well as those involving
silica surface have been considered by quantum chemical methods. It has been shown that due to specific
interaction of silica surface with water molecules and acetylsalicylic acid ones, the activation energy of its
hydrolysis is lower than that in aqueous solution. The oxidation mechanisms of ascorbic acid molecule and its
monoanion in aqueous medium by molecular oxygen have been studied. It has been shown that under normal
conditions oxygen molecule favourably interacts with partially dissociated ascorbic acid molecule rather than with
its non-dissociated form. Silica surface hinders oxidation of ascorbic acid with air oxygen due to its proton-donor
properties and dissociation of silanol groups; in aqueous solution within the surface layer, the equilibrium
dissociation of ascorbic acid is shifted toward the formation of its molecular forms. The mechanisms of thermal
degradation have been examined for both free histamine and chemisorbed one on silica surface, occuring in a
temperature-programmed desorption mass spectrometry experiment. It has been shown that adsorption of
histamine on silica surface promotes its thermal degradation via the concerted mechanism of pyrolytic elimination
with formation of fragments m/z 82 and 94.
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