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KBAHTOBO-XIMIYHE MOJIEJTIOBAHHS COJIBBATAIIIT
TA AACOPBIII OPHIJTA3OJY
HA IOBEPXHI KPEMHE3EMY

30amuicme 600U ma 600HUX PO3UUHIE BUMUBAMU TIKAPCOKUL NPenapam opHioason, adcopbosanull Ha
NOBEPXHI BUCOKOOUCNEPCHO2O0 KPEMHe3eMY, BUABNEHY eKCNEPUMEHMANbHO, OO0CTIONCEHO WIAXOM meope-
MUYHO20 MOOETI0BANHS HANIBEMNIPUYHUM KBAHMOBO-XIMIYHUM Memooom PM3 y knacmepromy Habnudicen-
Hi. Ilokazano, wo opHiOa301 36 A3YEMbCA 3 CUNAHOTLHUMU 2DYRAMU HOBEPXHI BOOHEBUMU 38 SA3KAMU Uepe3
HIMpozpyny ma uepe3 iHuli NOIAPHI 2pYnU MONEKYU OpHIOa3ony. Buseneno, wo Monekynu 600u pyuHyoms
aocopOyiliHuLl KOMNIEKC OPHIOA30TY HA NOBEPXHI KpeMHe3eMY, 80Y008YIOUUCS MidC 2I0POKCUTbHUMU ePYna-
MU NOBEPXHI MA AKMUBHUMU YEHMPAMU MOLEKYAU NIKAPCbKO20 npenapamy. Ymeopenuii makum 4uHom
2I0pamoBanuii KOMNLEKC € OLbUL MIYHUM, HIJIC KOMIILEKC, Y AKOMY HAABHA 6e3n0cepedHs 63aemMo0is adcop-
008aHOT MONEKYIU 3 NOBEPXHEIO, A MONEKYU 800U YMBOPIOIOMb CAAOKI 36 A3KU 3 YIEI0 MONEKYI00 | po3ma-
wiosari oani 8i0 nosepxti. Taxum 4uHoOM cONbEAMOBAHUL OPHIOA30]l NEPEHOCUMBCSL 3 NOBEPXHI KPeMHe3eMy
8 PO3UUH, 0e MOJICe YUHUMU NPUMAMAHHY UOMY AHMUMIKPOOHY Oilo.

KirouoBi ciioBa: opHinazon, KpeMHe3eM, aIcopOIlisi, KBAHTOBa XiMis, MeTon PM3.

Beryn

Opnigazon (1-xmopo-3-(2-metun-5-HiTpo-1H-
iMiziazon-1-inm)npomnan-2-o1) 3 6pyTTo-Gopmynoro
C.H,,CIN,O, € IIMPOKOBKHBAHUM JKapChKUM
npernapatoM. Moro iMmoO0imi3amis Ha MOBEpXHi
IHEPTHOTO HOCIsI, HAITPHUKIIA]l, BACOKOIHUCIIEPCHOTO
KpEMHE3EeMY, A€ MOXJIUBICTH CTBOPUTH 3pYdUHI
JikapceKi popmu mposoHroBanoi aii. Lls oO6cTaBu-
Ha OOyMOBIIOE TOTpeOy [eTaJbHOTO BHBUEHHS
nporeciB agacopOuii-necopOIlii Ha aTOMHOMY PiBHI.
Ile 3aBmaHHs MOXKe OyTH KOPEKTHO BHpillIEHE 3a
YMOBHU 3allydeHHs METOHIB TEOPETHIHOTO MOJIe-
JIOBaHHS, 30KpeMa METO/IiB KBAHTOBOI XiMii.

Y po0OOTi BHKOHAHO CHCTEMaTH4YHE IOCIi-
JUKEHHS IIPOCTOpPOBOi OyHOBH Ta EHEPreTHKHU
YTBOPEHHS TiIpaTHUX Ta aJcopOMiHUX KOMII-
JICKCiB MOJICKYIH OPHIJA30JIy Ha MOBEPXHi BHCO-
KOJIMCIIEPCHOTO KPEMHE3eMy HaIliBeMITipUYHUM
KBaHTOBO-XiMi4HHM MeTonoM PM3 y kiacTepHo-
My HaOJMKEHHI.

O0’cKTH Ta METOAM AOCiIKEeHHS

Mouekyia OpHiIa30y Ma€ HITPOTPYILy, CIUP-
TOBY TPyIy, OCHOBHHI aTOM HITPOTEHY Ta aToM
XJIOpY SIK 3aMiCHHK, 5IKi, IMOBIpHO, MOXYTh yTBO-
pIOBaTH 3B’S3KM 3 TiAPOKCIJIBHMMHU TpyHaMu
BOIIU Ta CUJIAHOJIHHIMH I'PyIaMH TOBEPXHI KPeM-
HEe3eMy, sIKa iMiTyBajlach KJIacTe€paMH, IO CKJa-
JIATTUCS 3 OJTHOTO, ABOX Ta TPHOX CHIIIIIH-OKCUTE-
HOBHUX TETpaeApiB.
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Bci po3paxyHKH BHKOHAHO KBaHTOBO-XIMIYHHM
MeToaoM Xaptpi — Poka y HamiBeMIipHYHOMY Ha-
ommkenHi PM3 [1; 2], npuaatHoMy Jjisi MOJEITIO-
BaHHS BOJHEBHUX 3B’sI3KiB, 3a JJOIIOMOTOIO MIPOTPam-
Horo komruiekcy GAMESS [3] (Bepcis FreFly8.2.0
[3], ctBopeHa A. [ paHOBCBHKHM).

Pe3yabTaTH Ta ix 00roBopeHHs

ITpocTopoBy OynoBy Ta EHTAJBIIIO yTBOPECHHS
MOJIEKYJT OPHIJIa30JTy, BOJIU Ta OJIITOMEPIB OPTOCHITI-
KaTHOI KUCJIOTH HaBeneHo Ha puc. 1. Lli Mmonexkymnu
€ CKJIATOBUMH MI>XMOJICKYIIIPHUX KOMIUIEKCIB, pO3-
DISHYTUX Y poOoTi (puc. 2-5).

YTBOpPEHHSI KOMILIEKCY MOJIEKYIH OpPHiZa30Iy
3 OJIHI€I0 MOJIEKYJIOK BOAHU (pHUC. 2) CYyIPOBOIKY-
€ThCS BUBUIBHEHHSIM eHeprii (—6.75 kkan/Moib)
3aBISKH OBOM BOJHEBUM 3B’si3kaM. HaliMeHia
ripaTHa 0OOJIOHKA, SIKa OXOIUTIOE BCi (DYHKIIiO-
HaJIBHI TPYIH MOJIEKYJIM OpPHIIa30iy, CKIIAIa€ThCs
3 10 monekyn Bonu (3arajibHa €HEpTisl B3a€MOJii
nopiBaioe —46.05 KKan/Moub).
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Puc. 1. IIpoctoposa
Oy/ioBa Ta EHTANbIIs
YTBOPEHHS MOJIEKYJT
OpHI1/1a30I1y, BOIH

Ta OJIiroMepiB
OPTOCHITIKATHOI KUCIIOTH

Puc. 2. IIpoctopoBa
Oy/ZI0Ba Ta CHTANBIIIS
YTBOPEHHSI MOJICKYJT
OpHiga3oy

B KOMILJICKCaX 3 OJIHIEIO
Ta 10 MOJIeKyIaMu BOIH

Puc. 3. [Ipoctoposa
OyIoBa Ta CHTAIBIIIA
YTBOPEHHS i30MEPHUX
KOMTILIIEKCIB MOJICKYJT
OPHIZa301y 3 MOJICKYJIOIO
OPTOCHIIIKATHOT KUCIIOTH



60

HAVKOBI 3AIIMCKU HaVKMA. 2017. Tom 197. Ilpuponuudi HayKu

Y

AH/= —639.46 kkan/mMoJb

AH;= —636.16 xxan/monb

Puc. 4. [Ipoctoposa

fo OyZ0Ba Ta CHTANBIIISA
YTBOPEHHSI i30MEePHUX
KOMILJICKCIB MOJICKYIT
OPHI/12301Ty 3 MOJIEKYJIOO
JIMOPTOCUITIKaTHOT
KHUCJIOTH

3 JlaHuX, HaBEJACHMX Ha pHC. 3, BUIUIMBAE, 1110
CHJIaHOITbHA TPYyTIa MOJIEKYIH OPTOCHIIKATHOT KHC-
JIOTH HAWOUTBII MIITHO 3B’SI3YETHCS 3 HITPOTPYIOIO
MOJICKYJI OpPHiJa30y (EeHeprisi B3aeMOJIii CTaHO-
BuTh —13.99 kkan/mMonb); iHIII (YHKIIOHATBHI
TPYyIH PearyrTh iCTOTHO clIaOKille.

Ha puc. 4 HaBeneHO CTPYKTypu ABOX i30MepiB
aJICOPOIIITHOTO KOMITIEKCY MOJIEKYJIM OpHIIa30iy
3 IMOPTOCHITIKATHOIO KUCIIOTO0. 3 HABEACHUX JAHUX
BUILIHMBAE, III0 CHJIAHOIHHA TPYIIa MOJIEKYITH THOPTO-
CUJTIKaTHOI KHCJIOTH MIIIHO 3B’3y€ThCS OIHOYACHO
3 HITPOTPYIOIO Ta CIHUPTOBOIO TPYIIOI0 MOJEKYITH
opHimazony  (eHeprisi  B3aeMolii  CTaHOBHTH
—20.93 KKaJI/MOJIB); SKIIO K CIIMPTOBA TpyIa BHBE-
JIeHa 3 KOHTAKTY 3 CHJIAHOJIBHOIO TPYIIO — EHEepris
B3a€MOIi1 CTAHOBUTE Jiviie —17.23 KKaJl/MOJIb.

OTIOCEPEIKOBAHO Yepe3 MOJIEKYIH BOIU (eHepris
B3aeMOIii CTaHOBUTH —146.14 KKaJ/MOJb), HIXK Ta,
Jie MOJIEKYJIM BOJIM PO3TaIllOBaHi Ha nepudepii Mo-
JIEKYJTH OPHIiZIa30/y (€Hepris B3aeMOJil CTAHOBHUTH
nunie —140.67 kkan/mMoib). OTkKe, HAJAJIUIIOK BOJIU
Ma€e BUMHUBATH MOJICKYJIH OPHIiJa301y, afacopOoBaHi
Ha MTOBEPXHI KPEMHE3EMY.

BucHoBkn

AHayi3 pe3ynbTaTiB KBaHTOBO-XIMIYHHX PO3-
PaxyHKIB CBITYUTH, O YTBOPECHHS aCOPOIIHHIX
KOMIIJICKCIB MOJICKYJI OpHIJA30/ly Ha TIOBEpXHIi
BHCOKOJMCIICPCHOTO KpPEeMHE3eMy Bi0yBa€eThCs
3aBASKM YTBOPEHHIO BOJHEBUX 3B SI3KIB MiX I0-
BEPXHEBHMH CHIIaHOJIHHUMH I'PyIIaMu Ta QyHKIIi0-

Puc. 5. IIpoctoposa
OyZoBa Ta CHTAIBIIIA
YTBOPEHHS 130MEPHHUX
JIUTIPATHUX KOMILICKCIB
MOJIEKYIT OPHi[a30Iy

3 MOJICKYJIOI0

TPHOPTOCUITIKATHOT
KHUCIIOTHU
L 2
AH,=—1028.92 kkajn/mMonb AH;= —1023.45 xxayi/moib
Ha puc. 5 HaBeleHO CTPYKTYpH JBOX 130MEpiB  HaJbHUMHU TPYNMaMH OPHIJNA30Jly — IEepEeBa)KHO

aZCOPOIIIITHOTO KOMILIEKCY MOJIEKYIH OPHiZa301y
3 IBOMa MOJIEKYJTaMH BOAU Ta TPUOPTOCHITIKATHOIO
KuciI0To0. HaBeneHi pesyapraTu po3paxyHKy CBij-
4ark, 110 EHEPTeTHYHO OLIBIII BUT1THOO € CTPYKTY-
pa, e CHJIAHOJbHI IPYIH MOJCKYJIU TPHOPTOCHII-
KaTHOi KHCJIOTH 3B’S3YIOTBCS 3 HITPOTPYIOIO Ta
CIIMPTOBOIO  IPYHOI  MOJEKYJIH  OPHiZa30iy

HITPOTPYIIOI0 Ta CHHPTOBOIO rpymoio. besmoce-
pPEeIHIM KOHTAaKT MOJICKYJIH OPHIJIa30J1y 3 MOBEpX-
HEI0 KpEMHE3eMYy € €HepreTHYHO MEHII BUT1IHUM,
HDK OIOCepeaKOBaHWW MoJiekynamMu Boau. Lle
03Hayae, 110 Ha/UINIIOK BOJH Ma€ IOCTYIOBO BH-
MHBaTH MOJICKYJIH OpHiJa30idy, axcopOoBaHi Ha
MOBEPXHI KPEMHE3EMY.
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A. Grebenyuk, A. Golub

QUANTUM-CHEMICAL MODELLING OF ORNIDAZOLE SOLVATION
AND ADSORPTION ON THE SILICA SURFACE

The ability of water and aqueous solutions to washout ornidazole adsorbed on the surface of fine silica,
which ability was found experimentally, was investigated by theoretical modelling with the semiempirical
quantum chemical method PM3 in a cluster approximation. Ornidazole is proven to bind to the silanol
groups of the surface by hydrogen bonds through the nitro group and through other polar groups of the
ornidazole molecule. It was found out that water molecules destroy the adsorption complex of ornidazole
on the surface of silica by embedding between hydroxyl groups of the surface and active centers of the drug
molecule. The hydrated complex formed in such a way is more stable than a complex in which direct
interaction of the adsorbed molecule with the surface is present, and water molecules form weak links with
this molecule and are displaced further away from the surface. Thus, solvated ornidazole is transferred from
the surface of silica to a solution where it can realize antimicrobial action inherent thereof.

Keywords: ornidazole, silica, adsorption, quantum chemistry, PM3 method.
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S. Repetsky, 1. Vyshyvana, R. Melnyk

INFLUENCE OF ADSORBED POTASSIUM ATOMS
ON THE ENERGY SPECTRUM OF GRAPHENE

The paper studies the influence of adsorbed impurities, namely potassium atoms, on the energy
spectrum of electrons in graphene. The electron states of the system are described in the frame of the
self-consistent multiband strong-coupling model. It is shown that, at the ordered arrangement of potassium
atoms corresponding to a minimum of the free energy, the gap arises in the energy spectrum of graphene.
1t is established that, at the potassium concentration such that the unit cell includes two carbon atoms
and one potassium atom, the latter being placed on the graphene surface above a carbon atom at a
distance of 0.286 nm, the energy gap is equal to ~0.25 eV. Such situation is realized if graphene is placed
on a potassium Support.

Keywords: Green’s function, mass operator, vertex part of the mass operator, electron-electron
interaction, energy gap.

Introduction

One of the ways of the targeted change in the
properties of graphene with the purpose to apply it in
nanoelectronics is the introduction of impurities of
different elements. The presence of impurities can
cause a change in the symmetry of a crystal lattice
and the appearance of additional energy gaps, whose
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widths depend on the types of impurities and their
concentrations. The studies showed that substitutional
impurities and adsorbed atoms differently affect the
energy spectrum of electrons in graphene [1-3]. In
work [1] the electron structures of an isolated
graphene monolayer, a double layer of graphene,
three-layer graphene, and graphene grown on
ultrathin layers of hexagonal boron nitride (h-BN)



