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Moga guceprariii:
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1. EnextpoHHa 6yZi0Ba i ONITUYHI CIIEKTPYU IIPOrHO30BaHMX 0O0JIOHKOBUX KJacTepis 3 esiemeHTiB 1V, I1I-V, II-VI rpyn

2. Electronic structure and optical spectra of predictive cage clusters based on IV-1V, III-V, II-VI group elements

Pedepar:

1. MeTogamu 064K CII0BaIbHOI (i3MKK 3pO6JIEHO ITPOTHO3 iCHYBaHHS Py 000JIOHKOBUX KJIaCTEPIB TUITy XNYN, 3
SIKMX MO>KHA KOHCTPYIOBaTH LI€OJITONOiOHI KprCTaau Ha OCHOBI criosyk tumy AIVBIV, AIIIBV i AIIBVI. B pamkax
metopy Xaptpi-®oxka (RHF /6-31G(d)) mocnimkeHo i cucTeMaTH30BaHO XapaKTepHi apameTpu KiactepiB C2n,
BnNn, SinCn (n = 12, 16, 18, 24, 36, 60) i ZnnOn, GanNn (n =12): reoMeTpil0 CTPYKTypH, IEPEHOC 3aPsLy, LINPUHY
3a00pOHEHOI LIIINHY, [IOBHY €HEPTil0, €HEePrilo Koresii, 106yJ0BaHO KapTU €JIEKTPOHHO] MiILHOCTI. BcTaHOBIEHO
BILJIUB T€OMETPUYHOTO PaKTOPY Ha CTabiNbHICTD KJIACTEPiB - HEMOHOTOHHY 3aJIe>KHICTh eHeprii koresii i JOBX1HU
3B'sI3KY Bifl reoMeTpii KaacTepa i KinbKocTi aromiB. Hailibinbly nepesary MaiooTh Kjactepy XnYn npu n ? 36, 48, sxi
He MaIOTh B CBOEMY CKJIaZli BOCbBMHU- Ta J€CSITUWIEHHUX Kijelb.Briepme po3paxosano iHppayepsoHi (1Y) criekTpu
NOTJIMHAHHS Ta CIIeKTpU KoM6iHauiitHoro poscitoBanHs (KP) (kpim kiactepy B24N24) i Moy KOMBaHb K1acTepiB
C2n, BnNn i SinCn (n = 12, 24) i ZnnOn, GanNn (n = 12). ¥ IY4 cnekTpax NorjavMHaHHS 6iHapHUX KJ1acTepiB Haio6ibI



IHTEHCHBHI [TiKM KOJIMBAHb Bif[IOBINAI0Th MOJAM 3 TAHT€HIIiaJIbHUM 3CYBOM aTOMiB, y criekrpax KP -
[IOBHOCMMETPUYHUM "IUXAI0YMM" MOJIaM KOJIMBaHb. [I71s1 knactepiB C24, C48, sk aJist PpysiepeHis, HANOIIbLI
IHTEHCUBHI iKY KOJIMBaHb B CIIEKTPi [Y NorinHaHHS BillllIOBiAAI0Th MO/ 3 paiiaJIbHUMU aHTUCUMETPUYHUMU
KOJIMBaHHSIMY, a B criekTpi KP - BifllOBifa0Th MO 3 TAHI€HIiaIBHUMU KOJIMBAHHSIMY aTOMiB. HaCTOTH KOJIMBAHB,
3i 30i7IbIIEHHSIM MaCH CKJIa[IOBUX aTOMIB B KJIacTepi, 3MilllyIOTbCS B 6iK HYDKYMX 4ACTOT. BCTaHOBIEHO pO3MipHUii
eeKT - 3CyB 4aCTOT TaHTeHLliaJIbHMX BaJIEHTHUX KOJIMBaHb B OiK MiJIBUIIEHHS, 10B'sI3aHUH 3 CKOPOYEHHSM 3B'sI3KiB

IIpM 30iJIbIIE€HHI KiJIbBKOCTi aTOMIB B KJIacTepi.

2. The prediction of a set of cage crystal-forming clusters XnYn occurrence from wich zeolite-like crystals based
on compounds AIVBIV, AIIIBV and AIIBVI can be constructed, has been made by quantum mechanics methods. A
set of cage crystal-forming clusters BN has been theoretically calculated and extended on alter-idem sets of
isoelectronic AIVBIV, AIIIBV and AIIBVI compounds. A general approach to the design of crystal-forming fullerene-
like clusters XnYn, from wich zeolite-like crystals based on IV-1V, III-V, 1I-VI compounds whith diamond-like sp3
bonds can be constructed and synthesized by means of copolymerization through faces has been formulated. If the
number of isolated facets equals to 4, 6, 8, 12, tetrahedral, cubic and hexagonal symmetry of crystal are formed,
correspondently. The properties of set of crystal-created clusters - C2n, BnNn, SinCn (n = 12, 16, 18, 24, 36, 60) and
ZnnOn, GanNn. (n =12) have been researched and systematized. The clusters n = 12, 16, 18, 36 correspond to the
rule of isolated squares, n = 24 - isolated octagons, and n = 60 - isolated decagons. Their optimized configuration,
electronic structure, charge transfer, band gap, total energy, cohesion energy, maps of electronic density have
been calculated by using spin restricted Hartree-Fock method RHF in the 6-31G basis set. IR and Raman spectra
and modes of vibrations for clusters C2n, BnNn and SinCn (n = 12, 24) and ZnnOn, GanNn (n = 12) have been
calculated and analysed. All the optical spectra have been calculated for the first time (except B24N24).
Calculations were carried out using GAMESS and Gaussian program package. ChemCraft and Molekel program
package have been used for visualization. After the optimization, the structures of all clusters deviate from a
regular geometric configuration and remain stable. In all clusters (except C2n) a charge transfer and heteropolar
and ionic components of the interatomic bond lead to molecular faces corrugation. Herewith, the bond lengths
and bond angles deviate from those in regular geometric configurations. The Y? ions are displaced outside the
cluster, while the X+ ions are displaced inside the cluster. Non-monotonic dependence of the stability of cage
crystal-forming clusters (cohesive energy per atom and bond lengths) on the cluster geometry and the number of
atoms have been determined. The XnYn clucters with n ? 36, 48, which do not have eight- and tenmembered rings
are the most stable. The calculated cohesive energy (7,3 eV) per atom in C72 clucter is close to the experimental
cohesive energy for grafite (7,4 eV). The calculated bonding energies (4,04 eV) per atom in B12N12 cluster are close
to the experimental value obtaned for hexagonal boron nitide (4,0 eV). It was shown that in calculated IR
absorption spectra of clusters (except C2n) the most intensive vibrations correspond to the mode with atom
tangential displacement. In calculated Raman spectra the most vibrations correspond to full-symmetrical, so called
"breathing motion" mode. It was shown that in calculated IR absorption spectra clusters C24, C48, the most
intensive vibrations correspond to the mode with radial nonsymmetrical atom displacement. In calculated Raman
spectra of clusters C24, C48 the most intensive vibrations correspond to the mode with atom tangential
displacement. Frequencies of optical vibration modes are displaced in low frequency range in accordance with
increasing of weight of atoms in molecule. The dimension of the effect of an increase in the number of atoms in
the cage crystal-forming clusters installed - the frequency shift of the tangential stretching vibrations in the side
with the higher frequencies associated with the reduction bonds. Found that the calculated IR and Raman spectra
of cage crystal-forming clusters BN responsible ekperimetnalnim IY4 and Raman spectra of the so-called "E-phase”
BN. It is shown that the spectra calculated IR absorption spectra, Raman spectra and vibration mode of predicated
crystal-forming clusters C2n, BnNn i SinCn (n = 12, 24) i ZnnOn, GanNn (n = 12) can be used for interpretation of
experimental data and identification of these clusters in the samples if the pilot receiving.
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