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CTPYKTYPA TA EJEKTPOHHI BJIACTUBOCTI KJIACTEPIB
(ZnO)(n=34. 60)

Poctuciaas bosrupa

IHcTuTYT NpUKITagHUX TpobiieM MexaHiku i MaTemaTukH iM. S. C. [TizcTpuraua
HAH VYkpaiuu, bovhyra@gmail.com

HaBeneHo pe3ynbTaTH pO3paxyHKiB, 3 MEPLIIMX NPHUHLUIIB, METOAOM TEOpii
(yHKLIOHANA TYCTHHH SHEPreTUYHOrO CHEKTPY Ta HMapaMeTpiB OCHOBHOTO CTaHy
«mariunux» krnactepis (ZnO), (n = 34. 60) Ta kiacTepiB 3 BIacHO Ae(HEKTHOIO
CTPYKTYpor. Po3paxyHku Oyin BHKOHaHI 3 BHKOPHCTAHHSAM YJIBTPaM'SKHXN
TICEBIOTIOTEHITIANIB ¥ 0a3uCi IDIOCKUX XBHIb, HA OCHOBI IOTIEPEIHIX JOCHTIHKEHb
[1]. Ans obuncneHHs 0OMIHHO-KOPEIAIiHOI eHepril BUKOPUCTAaHO (YHKIIIOHANT y
HaOMIKeHHI y3aranmbHeHoro rpagieHta (GGA) B mapamerpusanii [leparpto, Bypke,
Epnuenxoda. Onrumizauis CTPYKTYpH HAHOKIACTEPIiB MPOBOJMIACE METOIOM
CHPsDKCHUX TPAMi€HTIB, B TPOIEC] ONTHMI3allii CTPYKTYpH HE BUKOPHUCTOBYBAIOCS
0OMekeHHs CUMeTil.

Jiist Toro, mo0 BU3HAYXATH HAHOUIBII CTAOUIEHY CTPYKTYPY U «MarigqHHX)
knactepiB (ZnO)ss 1 (ZnO)ge Oymno HoOCTiKEHO psn i30MepiB, cepel HUX Oymn
(hymrepeHOONIOHI TTOPOXKHUCTI CTPYKTYPH Ta CTPYKTYpH THITY KIITKH, SIKi
33/I0BOJIBHSUIA TPABHJIO LIECTH i30JIbOBAaHUX YOTHUPHUKYTHHUKIB. KpiM Toro, Gymu
noOya0BaHi CTPYKTYpH THIY LEOJITY, IO CKIANAIHCh 31 CTPYKTYPHUX OJHHHIb
(Zn0)12.

Tabnuys 1. Enexmponni enacmusocmi nanoxaacmepis (Zn0)zq ma (ZnO)gg

Isomer Eita/ZNO, eV AE/ZnO, eV E/Zn0O, eV E, eV
(Zn0)zs-a -50461.66 0 -6.764 2.275
(Zn0)3s-5 -50461.64 0.02 -6.748 2.151
(Zn0O)zsc -50461.62 0.04 -6.724 2.048
(Zn0O)ss-w -50461.54 0.12 -6,645 1.124

(ZNO)so-copanir | -50461.744 0 -6.847 1.93
(Zn0)go-a -50461.734 0.01 -6.836 2.184
(ZnO)eo.8 -50461.732 0.012 -6.835 2.4
(ZnO)go-w -50461.699 0.045 -6.802 0.982

Jls aHamizy crabinbHOCTI KimactepiB ZnO Oyiio po3paxoBaHO SHEPTIIO 3B'I3KY
Ha oxHy Mosiekyny ZnO. AHami3 3Ha4eHb e€Heprii IMokasye, IO y BHUMAIKY
HaHokactepiB (ZN0O)s;y HaWGIMBII CHEPTETHYHO BHUTITHAMH € (yIepeHONOmiOHi
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MOPOXKHHUCTI CTPYKTYpH. [linTBep/PKEeHHSIM BUCOKOI CTAOLIBHOCTI LUX KIIACTEPIB €
BUCOKE 3HAYEHHs IIMPUHU 3a00pOHEHOI 30HHM, IO POOHTH 1X XIMIYHO IHEPTHUMH.
V Bumagky 3 HaHokmactepamu (ZnO)gy Ha#OLIBII CTaOUIBHOW € [EeoJiToBa
CTPYKTYpa, SIKa CKJIaHa€Thcsl 3 ceMH HaHOKimactepiB (ZnO)p,, SKi MaIOTh CHIJIBbHI
YOTHPUKYTHI TpaHi. Takox Oyno NMpOBEIEHO MOCITIPKEHHS 3MiHH €JIEKTPOHHUX
BJIACTHBOCTEW KJIaCTEpiB 4epe3 BIUIMB JedeKkTiB. byino onepkaHo pesysnbrartu Juis
eHeprii (opMyBaHHS Ta INUPUHM 3a0OPOHEHOT 30HHM JUI1 JOCIHIIKYBaHUX
KJIACTEPIB.
Tabnuys 2. Enepeis ¢hopmysanns ma wupuna 3a60poHero\ 301u 01s
piznux oepexmis y nanoxnacmepax (ZnQ0)s4 ma (Zn0)gg

I30Mep E eV Egy eV
Vzn | Vo | Zno | Ozn | Vzn | Vo Zno Ozn

(Zn0)3z4-a 520 | 5.09 | 875 | 9.16 | 1.86 | 2.3 1.426 | 2.184 391
(ZnO)z4-8 507 | 493 | 851 | 887 | 1.74 | 213 | 1.238 | 1951 3.72
(ZnO)zsc 491 | 480 | 835 | 874 | 1.64 | 199 | 1.084 | 1.708 3.58

(ZNO)socomunr | 552 | 4.89 | 9.33 | 9.60 | 1.63 | 2.05 | 1.314 | 1.882 | 3.32

(ZnO)eo-a 538 | 478 | 915 | 925 | 1.82 | 226 | 1.627 | 2.041 3.78

(ZnO)eo-8 531 | 471 | 897 | 9.08 | 1.95 | 239 | 1.967 | 2.358 4.15
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AB INITIO STUDY OF STRUCTURAL AND ELECTRONIC PROPERTIES
OF (ZnO), NANOCLUSTERS

Density functional theory studies of the structural and electronic properties of (ZnO), (n =
34, 60) nanoclusters and native point defects in (ZnO), nanoclusters (n= 34, 60) were
performed. Optimization of structure geometry, as well as the band structure research, was
performed. It was established that for the (ZnO)s;, nanoclusters the most stable are
fullerene-like hollow structures that satisfy the rule of six isolated quadrangles. For the
(Zn0)go nanoclusters different types of isomers, including hollow structures and sodalite-
like structures composed from (ZnO),, nanoclusters were investigated. It was determined
that the most energetically favorable structure was sodalite type structure composed of
seven (ZnO)y, clusters with common quadrangle edges. The values for formation energy,
HOMO-LUMO gap, as well as, the partial density of states for each cluster were
investigated to establish the influence of the defects on the electronic properties of the
(Zn0), nanoclusters.
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