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MeTronoM pEHTIeHIBCHKOI CIIEKTPOCKOII Ta 3a JOIOMOrOI 30HHHMX po3paxyHkiB y LAPW- naOnmxenHi

JOCII/DKCHO ~ CJIEKTPOHHY CTPYKTYypy oproBanamara Y VO,.

OTpuMaHHI JaHHI PO 3apsloBi Ta CIIHOBI

XapaKTePUCTUKU aTOMIB, a TAKOX IPO 3aKOHOMIpHOCTI ()OPMYBaHHS CHEPreTHYHUX 30H BAJICHTHHUX CTaHIB B OKCHII

YVO,.

KurouoBi ciioBa: enexTpoHHa OyaoBa, BaHaJaT, pEHTI€HIBChKi CIICKTPH, po3paxyHKun LAPW.

Cmamms nocmynuna 0o pedakyii 19.12.2004; npuiinama 0o opyxy 30.05.2005.

I. Beryn

OKCcHIHI CHONYKH, WLIO MICTSITh PiIKO3eMeEINbHI
enement (P33), 3acTOCOBYIOThCS B PI3HHX 00IaCTIX
Haykd 1 TexHiku. Taki Marepianu MaroTh Habip
VHIKQJIbHUX €JEKTPUYHUX, MAarHiTHUX, ONTHYHHUX Ta
iHIMX BiactuBocTed. Cepes OKCHUAHUX CIONYK MOXKHA
BUIUTATH OPTOBAaHAJATH 13 3aralibHOK (HOPMYJIIOO
LnVO, (Ln=Y, La+Lu). ocai/pkeHHS OKCHIIB TaKOT'O
THUITy sIBJISIE COOOIO iHTEpec y 3B'SI3KY 3 iX ONTHYHUMH
BractuBocTsMH. Cepen BKa3aHHX CIONYK MOXKHA
Buginuta okcug Y VO, lleit oproBaHamat € moOpmm
JTOMIHO(OPOM 1 Ma€ IUPOKE 3aCTOCYBAHHS B JIa3epHIiH
TEXHilll K aKTUBHE CEpPEIOBHIIIE.

BuBYeHHsI eNneKTPOHHOI CTPYKTYpPHU OpPTOBAHAJIATIB
paHilie MPOBOAWIIOCS y paMKax KJIACTEPHOIO MiJXOy.
Po3paxyHKu KiacTepiB CTPYKTyp OpTOBaHaaaTiB Oyiiu
BUKOHAHI HamiBEeMIIpUYHMM MeTojoM MajulikeHa-
Bonbcoepra-I'enpMronbia [1] i Xo-MeTo1oM
JUCKpETHOTO BapiroBanHA [2-4]. Y pobGoti [1] Oymm
OTpHUMaHI PEHTIeHIBChKI €MICIHHI CMyrd BaHajilo i
kucHIO B crnonykax LnVO, (Ln=Y, Pr, Nd, Eu+Yb)
eIeKTPOHHUM 30y/DKeHHSAM. Takuid MeTon OTpUMaHHS
PEHTTCHIBCHKUX  CIIEKTPIB  MOXE TIPU3BOIUTH [0
PO3KIIaTaHHS PEYOBHHH. Jlost iHTepHpeTartii
JIOCHIKeHUX cHekTpiB Oymu 3pobmerni MO JIKAO
pospaxynku knactepis Tuiy VO, i LnOy~ y Brazanux

Miaxig  BUBYEHHS
MOB'SI3aHUX 3 BLAPHUBOM

Bulme cnomykax. Kiacrephuit
NPU3BOJUTE 10 TOXHOOK,
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3B'SI3KIB JIITaHIIB 3 CYCIIHIMH aTOMaMH, IO HE BXOJSTh

Jo xmacrepy. lli  oOcraBuHM He  J03BOJIAIOTH
CTBEP/UKYBaTH TIPO BUCOKY TOYHICTH OTPUMAaHHUX
pe3yJbTaTiB.

VY maHiit poOOTi JOCTIHKYETbCS SIEKTPOHHA OyI0Ba
cnonykn Y VO, 3 BUKOPHCTAaHHSIM 30HHUX PO3PaxyHKIB i
PEHTTeHIBCEKUX eMiciifHnX crekTpiB. OCHOBHa yBara
NpUJIeHa 3apsIoBUM 1 CITIHOBUM XapaKTEPUCTHKaM
aToOMiB, a TaKoX 3aKOHOMIPHOCTAM (HOpMyBaHHs
€HePreTHYHUX 30H BaJICHTHUX CTaHIB.

II. MeTroauka nocJjigkeHb

Cromykn YVO, BiZHOCATBCS IO OpPTOBaHAIATIB i3
CTPYKTypOI0  LMPKOHY. Y  BKa3aHOMy  OKCHII
KpHCTaJIIUHA pelIiTKa HAJIEKUTh 10 MPOCTOPOBOI Ipynu
141/amdz(141), dparmeHT sIKOi cCXeMaTHYHO 300paskeHNI
Ha pucyHky 1. IlapameTpu TeTparoHaabHOI KOMIpKH
BaHajaty HacTymHi: a=b=7,1183A, c=6,2803 A.
KoopiuHaTH  HEeKBIBaJICHTHUX  aTOMIiB B JOJIX
BIZMOBITHUX pedep KOMIpKHM MaroTh Taki 3HaueHHS: Y
(0,0; 0,75; 0,125), V(0,0; 0,25; 0,375), O(0,0; 0,4342;
0,2008). [5]

Jis  mocmimpkeHHS eJIeKTPOHHOI OyIOBH OKCHIY
YVO, 3acTtocoBaHuii KOMIUIEKCHUM ITIIXIJI, 3aCHOBAHHUI
Ha BUKOPUCTaHHI PEHTTEHIBCHKUX EMICIHHHMX CIIEKTpIB 1
pe3yNbTaTiB 30HHUX po3paxyHKiB B LAPW-HaOmmkeHHi
[6] 3 TpajieHTHOW ampPOKCHUMALIEI  EJIeKTPOHHOI
nrineHOCTI (GGA — generalized gradient approximation)
y dopwmi [7]. 1nst po3paxyHKy MMOBHOI i apuialibHOT
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X a ¥

Puc. 1. ®parmMeHT KpUCTATiYHOI penriTku oproBanagaty Y VO, ATOMHU BaHAIIIO 3HAXOATHCS B IICHTPI KUCHEBUX
TeTpaepiB.

T T T T T T T
515 520 525 530 hv. eB

Puc. 2. Pentrenieski VLa- OKa-criekTp i pe3yibraTu po3paxyHKy okcuay Y VOy; BeprukanbHa fdiHist (Eg) Ha
PHCYHKY BiJIIOBi/Ia€ MOJIOKEHHIO piBHS PepMmi, ofiep>kaHOMY BHACIIIOK po3paxyHKy. Tyt i gami (—, — - — ) — cTaHu
CIIiH JOTOPH i CITiH JOHHU3Y BiIIIOBIIHO.
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Puc. 3. [ToBHa eneKTpoHHA HIITBHICTE 1 TOBHA aTOMHA SIIEKTPOHHA MIUTBHICTH CIONYKH Y VOy.

IIIBHOCTI cTaHiB okcuay Y VO, BUKOPHCTaHUH CHiH-
nossipuzoBanuii Bapianr LAPW-metony [8]. Sk BuxinHi
JlaHi ISl pO3paxyHKiB BUKOPHCTOBYBAJIHCS 3Ta/IaHi BUIIE
CTPYKTYpHi XapakrepucTuku. Paniycn MT (muffin — tin)
cdep Oymu BuOpaHi 3 MipKyBaHHSA MiHiIMi3amii po3MipiB
MixkcdepHoi obnacti Il B okcnai 3 HaliMeHIIAM 00'eMOM
eneMeHTapHol koMipku B Hu3li LnVO, (Ln =Y, La+Lu)
i cxmamm wis Y- 2,2 A, V= 1,67 A i atoma xucHio —
1,55 A. Tlpu pospaxyHKax IIiILHOCTI CTaHiB CIOTYKH
YVO, BukopuctoByBajiocs 126 TOYOK B YaCTHUHI 30HH
bpitroena, mo He mnpuBoAWUThHCS. s ampokcuMartii
XBIWIbOBUX  ¢QyHKmin  V3d- 1 O2p-enexTpoHiB
BUKOpHcTOBYBanncsi APW+lo-6azucu, aist XBHIBOBHX
(yHKIIM pemTH BaJeHTHUX eleKTpoHiB Oasmcu LAPW.
Hobytok pamiycy MT-chepun wMiHIMampHOTO 00'eMy
(Rmt) i MakcHMaJIEHOTO 3HAYEHHS XBUJIHBOBOTO BEKTOpa
wiockux XBwib (Kmax) BuOpaHuii piBHUM IIIECTH.
MaxkcumanbHi 3HaueHHs KBaHTOBOro uucia 1=10 misa
napiiajbHUX XBWIb ycepeauHi cdep 1 1=4 vy
obumncnenHsx non-muffin-tin MATpUYHUX €JIEMEHTIB.
Pentreniserki guiyopectientni VL0a-, OKa-criektpu
3apeectpoBani Ha mpwiagi CAP® 3 migHuUM aHOIOM,
KPHCTaJIOM-aHaJi3aTOpOM RbAP (MIXIITOIIMHHA
BizicTanb 13,068 A) i npoTounnm nponopiiiitHum apros-
METaHOBUM THYATHHAKOM IMITYJIBCIB, i ()
BUKOPHCTOBY€ETHCS B SIKOCTI JIeTeKTOpa
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BUNIpOMiHIOBaHHs. Po3pisHeHHs npmmaxy minst VLDo- i
OKo- cmyr cxmano ~ 0,2 eB. BiamosigHo 10 OUITOIEHUX
npaBun Bimbopy Lo-cmyra Banaziro BimoOpaskae iHoro
BajeHTHI 3d- 1 4s- enextporm. IlimpHicTE V4s-
SIICKTPOHIB y CIOJIyKaX NPH LEOMY BHSABISETHCS BEIBMU
Manoro, i 3 mie€i mpuumHM VLo-crmekTp BimoOpaxkae
NPakTHYHO B  YHCTOMY BHIUIAI  V3d-3IeKTpoHH.
Bigznaunmo Takoxk, mo OKa-cmyra, y cBow uepry,
XapaKTepu3ye eHepreTHYHUN po3monain BaneHTHUX O2p-
€JIEKTPOHIB B TOMY a00 IHILIOMY OKCHII.

II1. O6roBopeHHs pe3yJbTaTiB

Ha pucynky 2 naBeneni pentrenisebki VLoa - 1 OKa
CIIEKTPH 1 PE3YIbTaTH pPO3PaxyHKy eJIeKTPOHHOI
IIIBHOCTI 2p-CTaHIB KHCHIO 1 4s-, 3d-BaHajiro uis
conyku YVO,. CyMilleHHS eKCIepUMECHTAIBHUX
CHEKTPiB 1 PO3pPaxyHKOBUX KPHBHX IIUIBHOCTI CTaHIB
NPOBOJMJIOCS 33 XapakTepPHHMH MaKcUMyMamH. Sk
BU/IHO, OCHOBHI OCOOJHMBOCTI €KCHEPHMEHTAILHUX
CHCKTPIB MPaKTUYHO CIIBMOAJAIOTh 3 BiIMOBITHUMH
KOMIIOHEHTaMH pO3paxyHKoBuX KpmBux. Cmyra VLa
copMoBaHa B OCHOBHOMY 3d-cTaHamu BaHaHif0, a 4s-
CTaHW JAI0Th MaJHH BHECOK y (DOPMYBaHHS JTaHOT CMYTH.
OTpuMaHi pe3ysbTaTH pPO3PaxyHKIB BKa3ylOTh Ha
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ribpuan3aIiito aTOMHAX CTaHIB BaHAIIIO 1 KHCHIO.
VY3rojkeHHss ~ €KCIIEPUMEHTAIBHUX  JIAaHUX 3
OTPUMAaHUMH TEOPETHYHO JTAHUMH CBIJUUThH MPO BUCOKY

SKICTh TMPOBEJIEHUX pPO3paxyHKiB. PosrisHemo wi
pe3ynbTaTh NOKIAAHILIE.
Ha pucysky 3 HaBemeHi TIOBHA INUIBHICTh

CJICKTPOHHHUX CTaHiB cnonykun Y VO, i moBHa aromHa
eJIEKTPOHHA IIUIBHICTh CTaHIB BKAa3aHOTO OKCHAy. Bike
TYT MO’KHA BiJJ3HAUYUTH BiJICYTHICTh MOJSApPHU3AIlil CTaHIB
aTOMIB METAaJiB i KUCHIO i, OT)KE, HAsABHICTh HYJIHOBUX
MarHiTHUX MOMEHTIB Ha aTOMaX OKCHIY, II[0 BUBYAETHCS.
BumgHo, mo B 30HI BaJCHTHHX CTaHIB CMyra IOOIH3Y

KOBAJICHTHHH 3B'SI30K aTOMIB METAy 1 aTOMiB OTOYEHHS.
CMmyra TinuOOKHX CTaHIB BHSBISIETHCS TaKOlO, MIO
CKJIaJIa€ThCsl B OCHOBHOMY 13 CTaHIB aTOMIB iTpil0 1
KHUCHIO.

PesynpraTn, npuBeneni Ha pucyHkax 4 1 5,
YTOUHIOIOTH IHTEPIPETAlil0 PO3IJSIHYTUX BUILE JAHHX.
I'muOoKi cTaHu YTBOPEHI B OCHOBHOMY 4p-CTaHaMH iTpito
i 2s-cranamu kucHioo. Cmyra moOmusy piHs Depmi B
ocHOBHOMY c(opmoBana BameHTHUMH O2p- 1 V3d-
cTaHaMH. BUKIMKae IIKaBICTh ICTANBHINIMNA PO3TISA
KapTHHU PO3TOALTY CTaHIB aTOMIB BaHA/I0 1 KUCHIO, IO
IAfOTh HAMOIIBII BHECKH B CTAHM CTEJ BAJIEHTHOI 30HH.
Ha pucynky 6 HaBeleHi KpUBI pO3IMOJTY €NeKTPOHHOT

1BHS Depmi copmoBana B OCHOBHOM . . . ) .
P p bop . . Y mijgbHOCTI OKpemux rapmonik V3d- 1 O2p-craHis.
riOpuaAM30BaHUMH CTaHAMU aTOMIB KHCHIO 1 aToMiB . . ; .
. . BumHo, 1m0 BaJIEHTHI CTaHM aTOMIB KHCHIO 1 BaHAIilo
BaHamito. Il1 oOcraBuHA MOXE CBITUATH TPO . ; .. .
riOpuizoBaHi i (PaKTHUHO HE MOJIAPH30BaHi. BraxkeMo
IoBHa IloBHa
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Puc. 4. [ToBHa 1 mapiiianbHa eIEKTPOHHA IUTFHICT aTOMIB iTpito 1 BaHagito okcuay Y VO,.
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Puc. 5. [loBHa i mapiriabHa e1€KTPOHHA MIUTBHICTh aTOMIB KUCHIO BaHamaty Y VO,.
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Puc. 6. [TapuianbHa eeKTPOHHA IIJIBHICTH ATOMIB BaHAIIIO 1

KUCHIO criontyku Y VOy, po3KiiajieHi Ha TapMOHIKH.
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Puc. 7. 3onHa cTpykTypa oproBaHaaary Y VO,.
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Ha TUNH XIMIYHHX 3B'S3KiB, 3MIHCHIOBaHMX HUMH. TyT
MOXe HTHCS TPO YTBOPEHHsS KOBAJEHTHUX 3B'SI3KIB O-
THUITy aTOMIB KHCHIO 3 aTOMaMH BaHA/II0 3a OMOMOTOI0
xombinamii O2pz- V3dz*-op6itaneii i m-38'13KiB aToMiB
KHACHIO 1 BaHAQIII0 3a JOMOMOTor KkomOiHamiii O2py-
V3dxy O2py- V3dx*-y*

Ha pucynky 7 nmpuBereHa 30HHa CTPyKTypa (E(E))
okcuay YVOQO,. 3 HaBeAeHMX [aHUX BUXOAWUTH, LIO
BKa3aHUH OKCHA € I30TOPOM 3  MiHIMAJIEHOKO
ONITUYHOIO IIUIMHOI, PO3TAIIOBAHOK B Touli I 30HH

Bpimmoena.  JlertampHi  JOCHIIKECHHS  pe3yINIbTATiB
PO3paxyHKIB MOKa3yIOTh, IO MIMPUHA IIUJIMHU CKJaJae
3,019 eB. MoxxHa TakoX BiJ3HAYMTH, IO B CHEKTPl
craHiB  YVO,; mpucyTHi JBi 3a0OpOHEHI 30HH,
posTtamioBaHi mo0iau3y 3HaueHb eHeprii 4,0 i 6,0 ¢B
BiJITIOBITHO.
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Electronic structure of the YVO, ortovanadate is investigated using X-ray spectroscopy as well as the band-
structure LAPW-calculations. The information about the charge and spins description of atoms, and also about law’s
conformities of power zones forming of the valency states in an oxide YVO, has been receipt.
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