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JOCJIIKEHHSI CTPYKTYPHU TA EJJEKTPOHHUX
BJIACTUBOCTEN HAHOKJIACTEPIB -Ga,0;
JETOBAHUX METAJITYHUMHY JOMIIIKAMUA
METOJ0M TEOPII ®YHKIIIOHAJIY EJEKTPOHHOI
I'YCTUHHU

Poctuciaas bosrupa
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[IpoBeneHo po3paxyHKH, 3 HEPIIUX IPHUHIMIIB, METOAOM Teopii (yHKIIOHaNa
€JICKTPOHHOT T'YCTHHHM €HEPreTHYHOIo CIIEKTPY Ta IapaMeTpiB OCHOBHOIO CTaHy
HaHoKJactepiB f-Ga,0; neroBanux pisanmu Merasamu (Co, Cu, Ni). Pozpaxynkn
NPOBOAWIIMCS 3 BUKOPHUCTAHHAM YJBTPaM'SIKMX IICEBAONOTEHLIANiB B Oa3uci
IUIOCKUX XBWJIb, HA OCHOBI IOINEPE/HIX JOCHIPKEHb HamiBOpoBigHukKiB [1]. s
oOuncieHHsT OOMIHHO-KOpEJSILiHHOT  eHeprii BUKOPUCTAHO (QYHKLIOHAI Yy
HaOJIMDKEHH] y3arajJbHEHOTO TpajieHTa 13 mompaBkamu [adbapma (GGA+U) B
napametpusauii [lepapto, Bypke, Epauenxoda (PBE). [li1st cHiibHO KOpeIboBaHUX
MatepianiB, Takux sk Ga,0;, ¢yHkmionan GGA (PBE) 3nHauHO HemoomiHIOE
MIUpUHY 3a00poHEHOI 30HW. [ TOYHOrO ONKCY ENEKTPOHHOIO CIEKTPY JUls
JOCIIIJDKYBaHUX CHCTeM Oyno oOpaHo Tpu monpaBku XaObapaa: mist d-opOitaneit
Ga (Ud,), d-opGitaneii neryrounx meraniB M (Ud,) Ta p-opbitaneit O (Up).
OcToBHI eneKTpoHu OyJM ONnMcaHi 3 BUKOPUCTaHHSIM €(EeKTHBHOIO MOTEHIaly 3
ypaxyBaHHSIM pPEJSATUBICTCBKMX IONPABOK. IHTErpyBaHHA B MepUIiid 30HI
Bpiumoena Oyno nmpoBeneno B Hadopi k-touox Monkxopcra-ITaka. OnTumizauis
CTPYKTYpPH HaHOKJIACTEPIB IPOBOJMIACH METOJOM CIPSHKCHUX Tpaji€HTIB, B
npoLeci onTUMi3alii CTPYKTYpH HE BUKOPHCTOBYBAJIOCS OOMEXXEHHSI CUMETPIi.

Byno npoBeneHo ontmmizanito reoMeTpii Ta €HEpreTH4Hi PO3paxyHKH s
psny i3omepiB HaHoknactepiB B-Ga,O; y koudirypauii, ne aromun Ga Oymu
3aMimeHi aromamu seryrodoi gomimku (Co, Cu, Ni). Ilicnsa npouenypu penakcanii
CIOCTEPIrajJucs 3MiHN B CTPYKTYPHIH reoMeTpii BCIX JOCIIKYBaHIX HAHOCHCTEM.
OnrtumizoBaHi CTpyKTypu HaHoknactepiB (B-Ga,O3)s y pi3HHUX KOHQiryparisx
300pakeHi Ha pUCyHKy 1 3iiBa. {1 BU3HAYCHHSI BIUIMBY JIETYBaHHS HA €JICKTPOHHI
Ta ONTHYHI BJIACTUBOCTI HaHOKIacTepiB B-Ga,O; Oyino po3paxoBaHO 3MiHY 30HHOI
cTpykTypHu HaHOKIacTepiB (Ga,0;)q neropanux gomimkamu aromiB Co, Cu ta Ni.
[t Ko)KHOTO HaHOKJIAacTepa OyJI0 NPOaHaJi30BaHO PO3PaXOBaHy 30HHY CTPYKTYPY
Ta MapIiajibHi TYyCTHHH CTaHIB.
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BcraHoBieHO, MO IS BCIX JIETOBaHUX CHCTeM (YHIAMEHTalIbHA INHUPUHA
3a00pOHEHOT 30HM 3MEHLIYETbCS 31 30UIBIICHHAM KOHLEHTpALil Jeryro4oi
JIOMIIIKK. Y BUIAIKy HaHOCHCTEM JieroBaHnx Co OyJi0 BCTAHOBJICHO, IIO JICTYHOUl
CTaHU CTBOPIOIOTh CHEPTETHYHMIA Oap'ep BCepEeIUHI 30HU MPOBIAHOCTI, IKUH MOXKE
COpPUSITH 3CYyBY CHEPreTHYHOI IIUIMHK y ONakuTHY 30HY. JlJI1 HaHOKIAcTepiB
(Gay05)¢, neroBanux Cu, JeryBaHHS 30UTHIIWIO KUTBKICTh MPOBIAHUX HOCITB
3apsay moOim3y jaHa 30HU mpoBigHOcTi. Hanokmactepu (Ga,0j)s, neroBani Ni,
MalOTh TCHJCHIIIO JO0 KOHCOJIJAIil IOMINIKOBUX pPIBHIB B 00JacTAX BHIIMX
CHEPTii, M0 MOXKE CIPHUATH MOKPAIICHHIO ONTUYHUX BIACTUBOCTEH HAHOCTPYKTYP
(Ga,0;). Bcei neryroui aroMu 301bIIYIOTH KUIBKICTE HOCITB 3apsiy B CUCTEMI, L0
MOXe OyTM KOPUCHHM I TOKPAIICHHS Ta304yTJIMBHX  BIACTUBOCTECH
HaHokJactepiB (Ga,03)s.
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STUDY OF THE STRUCTURE AND ELECTRONIC PROPERTIES OF -
Ga,0; NANOCLUSTERS DOPED WITH METAL IMPURITIES USING
THE DENSITY FUNCTIONAL THEORY METHOD

The results of first principle density functional theory studies of energy spectrum and
ground state parameters of f-Ga,O; nanoclusters, doped with different metals (Co, Cu, Ni)
are presented. Calculations were performed using ultrasoft pseudopotentials in the basis of
plane waves. Optimization of the nanocluster structure was performed using conjugate
gradient method. No symmetry restrictions were used during structure optimization. We
determined for all doped systems that the fundamental band gap decreases with increased
doping concentration. In the case of Co- doped nanosystems we established that the doping
states create an energy barrier inside the conduction band that can contribute to the blue
shift of the energy gap. For the Cu-doped (Ga,03)s nanoclusters the doping increased the
number of conductive carriers near the bottom of conduction band. The Ni-doped (Ga,0;)s
nanoclusters have the tendency to cconsolidate in the higher energy regions, which can
contribute to improving of the optical properties of the (Ga,0;)s nanostructures. All of the
doping atoms increase the number of charge carriers in the system which can be useful for
increasing the gas sensing properties of the (Ga,0;3)s nanostructures.
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