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JIOCITI/PKEHO EJIEKTPOHHY CTPYKTYpy opToBaHanata GAV O, OTpuMaHHi 1aHHI OO CHiHOBI XapaKTePHUCTHKU aTOMIB,
a TaKoXK PO 3aKOHOMIPHOCTi ()OpMyBaHHS CHEPreTHUHMX 30H BAJICHTHHX CTaHiB B okcuai GdV Oy,

Knrouosi cnosa: enexrponna Oynosa, BaHa/laT, PeHTTCHIBCBKI ClIeKTpH, po3paxynku LAPW.

Cmamms nocmynuna 0o pedakyii 15.01.2010; npuiinama oo opyky 15.06.2010.

Beryn

OKCHIYM PiIKO3EMENFHUX €JIEMEHTIB, 10 y CBOEMY
CKJIaZi MICTATh mepeximui Mertamw, ocobnmuso d-
€JIEMEHTH, HIMPOKO 3aCTOCOBYIOTHCS B PI3HHX TaIy3siX
HayKH ¥ TexHiKH. BHacmiok crieruiqHOro moioxeHHs
ENIEKTPOHHHUX  PIBHIB, sKi J00YIOBYIOTbCS, BOHH
XapaKTepU3yOThCs 3MIHHOIO BAJICHTHICTIO i YTBOPIOIOTH
OKCHW Pi3HUX cKiafiB. [Ipu LbOMYy B OKCHIAX TaKHX
eNIEMEHTIB BHACTIJOK BeiuKkoi oBxkuuu O - opbiTaneit
iCHye 3HAa4YHMIl BHECOK KOBAJEGHTHOI CKJIaloBOi B
XIMIYHHE  3B'I30K  MeETali - KMCEHb, IO JIOMyCKae
(dbopMyBaHHS OCOOJNMBHX EICKTPUYHMX 1 MATHITHHX
BJIACTHBOCTEH. 3HAUHY MOMYJSIPHICTh OTPUMAIH OKCHIIU
BaHAMIl0 3aBIJKH  BJIACTHBOMY iM  YHIKQJILHOMY
(ha30BOMY TIepeX Oy METAJI - HAIliBIPOBITHUK.

Oco0nuBoro iHTepecy HaOyBalOTh OKCHUIH 13
saranpHOI0 Qopmyitoro LNVO, (Ln=Y, La . Lu). 1
CTHOJNIYKH HaJleXaTh 10 OPTOBAaHAJATIB 31 CTPYKTYPOIO
uupkony. OpToBaHaJaTH BiJ3HAYAIOTHCS PO3MAITTAM
MAarHiTHUX, €JEKTPUYHUX, ONTUYHUX Ta IHIINX (Hi3UIHIX
BJIACTHBOCTEH. 3IaTHICTh OpPTOBaHAJATIB  3aIacaTu
€HEeprito 4epe3 BIUIMB 10HI3yIOUOrO BUIIPOMIiHIOBAHHS
Jla€  MOXJHUBICTH  BHUKOPUCTOBYBaTH  iX K
TEPMOJIOMIHECLIEHTHI JI03UMETPH. Oxcunu
pinkozemenpHux enemeHTiB (P3E) BUKOPHCTOBYIOTH SK
moMmiHopopr 3 pPI3HOMAHITHUMHU  CHEKTPaJIbHUMHU
XapaKTEPUCTUKAMH 1 SIK aKTHBHE CEPEIOBHUIIE ONMTHIYHUX
KBaHTOBHX T€HEPATOPIB.

Bigomo, w0 mupokuii  cHektp  (i3UUHHX
BJIacTHUBOCTEH opToBaHamatie LNVO, (Ln=Y, La | Lu)
0€3yMOBHO TOB'SI3aHUH 3 OCOOJHMBOCTSIMH €JIEKTPOHHOL
cTpykTypu. ToMy B nmaHiii poOOTi MPOBENEHO 30HHHIA
PO3paxyHOK €NeKTPOHHOI CTPYKTypH okcuay GdVO,
JITIIX - merogoM. Sk KpuTepiii BipHOCTI HPOBEAEHUX
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PO3paxyHKIB  BHKOpHCTaHAa METOAMKA  IOPIBHSIHHS
OTPUMaHUX  PE3yJAbTaTiB 3  EKCIePUMEHTAILHUMHU
JIAHUMH PEHTTeHOENIEKTPOHHOI criekTpockorii. OcHOBHA
yBara B poOOTi MpuijieHa OTPUMaHHIO iH(pOpMaIii mpo
CTPYKTYpY €HEPreTHYHHX 30H, pO3MOIT IOBHUX 1
MapiaJbHUX EJICKTPOHHHUX INIIPHOCTEH Yy BaJICHTHIN
30HI Ta CMY3i IIPOBIHOCTI, CITIHOBHUX CTAHIB aTOMIB.

|. MeToauka nocaiIKeHb

Oxcung GAVO, BimHOCHTBCS 10 OpTOBaHagaTa 3i
CTPYKTYpOIO IMPKOHY W Ma€ KpHUCTAJII4YHy PEUITKy 3
npoctopoBoro rpymoto [41/amdz (Ne 141). Tlapamerpu
TETPAroOHAJbHOI ~ KOMIPKH  JIIS GdvO,  Taki:
a=b=72122A; c=6,346 A. Koopmunatu
HEEeKBIBaJICHTHUX aTOMIB Yy YacTKax BIAIIOBIIHUX pebep
KOMipkd MaroTh Taki 3mHauenns: Gd (0; 0,75; 0,125),
V (0; 0,25; 0,375), O (0; 0,4323; 0,2028). [1]

Y nmanii poOOTI 1O MOCTIDKEHHS eJIeKTPOHHOI
oynoBu oproanamatie YVO,; i HoOVO, 3acrocoBanuii
KOMIUIEKCHHI TiJIXiJ], 10 3aCHOBaHHMI Ha BUKOPHCTaHHI
PEHTIE€HOENIEKTPOHHOI ~ CIIEKTPOCKOMii 1  pe3yJbTaTiB
30HHHX po3paxyHkiB y JIIIIIX-wabmmwkenni [2] 3
IPaJiEHTHOI AIPOKCHMAIIIEID EJICKTPOHHOI IiJIBHOCTI
(GGA — generdized gradient approximation) y ¢opmi
[3]. Mus po3paxyHKy TOBHOI Ta MapiialbHUX
LIUJTBHOCTEW CTaHiB 3a3HAYEHUX OKCH[IB BUKOPHCTaHUH
CHIH-TIONAPU30BaHuil Bapiant Mmeroxy [4]. VY sxocri
BUXIJIHUX JaHUX JUIA PO3PaxXyHKIiB BHUKOPHCTOBYBAJHCS
BUIIIE 3raJlaHi CTPYKTYpHi XapakTepucTuku. Paniycu MT
(muffin —tin) — chep Oynu obpaHi 3 morIAAy MiHIMI3aIl
PO3MIpiB MiKC(EpHOI 00JIaCTi B OKCHII 3 HaWMEHITUM
00'emom enemenTapHoi koMipku B GAVO, i ckmamu mis
Gd-22A,V —1,67A i atomis kucuro — 1,55 A. ITpu
pO3paxyHKax UIUTBHOCTEH CTaHiB BUKOPUCTOBYBAJIOCS
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Enexrponna OymoBa oproBananata GAV O,

Iepetun (oToioHi3alii aTOMHHX PiBHIB (B OJMHHUIIAK, IO BiAMOBiAa0Th mepetrny Cls-o6omonkwu) [5]

Ta0auna 1

ATom PiBenn .Hep.eTH.If
10H13aIli]
0 2s 0,1405
2p 0,0193
V 3d 0,0309
Gd 4f 1,434
Atomu okcuy p d pX py
i ! i ! i ! i ! T ! i !
Gd 3,8889 | 3,9202 | 0,9801 | 0,9810 | 2,6924 | 2,6903 | 0,1577 | 0,1818 - - - -
Vv 51103 | 5,3843 | 1,0055 | 1,0081 | 2,8434 | 2,8476 | 1,2479 | 1,5151 - - - -
@] 2,4837 | 2,3586 | 0,7833 | 0,7742 | 1,6915 | 1,5742 | 0,0065 | 0,0074 | 0,5667 | 0,5383 | 0,5540 0,5170
pz px+py dz2 dx2-y2 dxy dxz dyz
i ! i ! i ! i ! i ! i ! T !
0,5705 | 0,5187 - - - - - - - - - - -
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Puc. 1. PeHTreHOGNEKTPOHHUN CHEKTP 1 pe3yibTaTh
pospaxyHkiB  oxkcumy GAVO,; Tyr 1 gam
( N ) — CTaHW CIHiH-Bropy i CIiH-BHH3
BIJIIOBiAHO.

126 Touok y Henmpu3BOAMMIH yacTHHI 30HM BpriuttoeHa
wis cnonyk GAVO, [l anpokcumariii  XBHJIbOBHX
byakuist Gdaf -,  V3d- i O2p - enektpoHiB
BUKOPHUCTOBYBAJIHCS APW + |o-6asucy, a JUTSt
XBWJIbOBUX (YHKI[H I1HIIMX BaJICHTHHX EJIEKTPOHIB
6asucu  JIIIIIX. [lobyrox paxmiyca MT - chepu
MiHiManbHOTrO 06'eMy (RMt) i MakCHMAIIbHOTO 3HAUCHHS
XBHJILOBOTO BekTopa miockux xBwib (Kmax) obpano
pPIBHMM IIECTH, a MaKCHMaJbHI 3HAYEHHsS KBAHTOBOTO
yucna | =10 a1s mapuiadpHUX XBHIb ycepeauHi chep i
=4 B obunciennsx non-muffin-tin  marpuusUx
eJIEMEHTIB. 3a IOTIOMOTrO0 MPOIEAYpH «Open core» [4]
Ho4f - enekTpoHU BpaxOBYBAJIHCS B SIKOCTI OCTOBHX.
PenrrenoenextponHi CHEKTpH BaJICHTHUX
enektponiB Banagaty GdV O, oTpuMaHHi MpU KiMHATHI#
TemmepaTypi Ha crekrpomeTpi «Krat0s» 3 anroMiHi€BUM
aHo/ioM. BinTBopeHHS pe3ynabTaTIB BUMIPIB 3HAuYeHb
€Hepriil 3B’ A3Ky €JICKTPOHIB aToMiB ckiano ~ 0,2 eB.

[1. Pe3yJbTaTu ekcnepuMeHTy Ta iX
00roBOpeHHs

Ha puc. 1 HaBeneHi peHTTEHOENCKTPOHHUI CHEKTp
(PEC), moBHa miinmpHicTh cTaHiB BaHajaty GAVO, Ta
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TIOBHI €JIEKTPOHHI IIIBHOCTI aTOMIB B HOT0 CKJIai.
[loemHaHHST ~ €KCHIEPUMEHTAIBHOI'O  CIIEKTPY 3
TEOPETHYHUMHU KPHBUMH MPOBOIWIIOCS 32 TOJIOBHUMH
MakCUMyMaMH. 3CyB B 3HAUEHHSX EHEPrid 3BSBKY
BaJICHTHUX €JIEKTPOHIB BiJIHOCHO PO3paxyHKOBOI LKAl

eHeprii npu mpomy ckmaB 2eB. B minmomy
CIIOCTEPITaeThCs Y3TO/PKEHHS OCHOBHHUX IIKiB
PO3paxyHKOBOI Ta EKCIIEPUMEHTAJIbHOI KpPUBHX, IO
JIO3BOJISIE ToTepeHBO IHTEpIpETyBaTH

PEHTIEHOENEKTPOHHUN CHeKTp. SIK BHIHO 3 PHCYHKY,
BaJICHTHA CMyra OKCHUAY CKJIaJIa€ThCi 3 JBOX YaCTHH:
30HM mMbOokux cramie (miku A Ta B) Ta
npudepmiiseekoi 30uu (C). Kommonenta C (E; =
1,8 eB) peHTIeHOCNEKTPOHHOIO CIIEKTPY B OCHOBHOMY
chopmoBaHa 3a paxyHOK (oroemicii 4f - enextponin
nmaHTaHoimy. Ha  kopucTh Takoro MiIXomy 10
iHTeprnperanii 1€l TpynM JIHIH CBigUaTh BUCOKI
3HAUCHHS TMepeTHHIB (oToioHizamil 4f - enekTpoHiB
TaJONiHII0 y TOPIBHSAHHI 3 TaKUMHU JUI EJEKTPOHIB 3
MEHIIMMHU BEJIMYUHAMHU OpOITaJbHUX KBAHTOBUX YHCEI,
mo OepyThb ydacTh y (OpMYBaHHI 30HH BaJICHTHHX
craniB (Tabm. 1).

PazoM 3 TUM mOpiBHAHO Maji 3Ha4YeHHs Mepepi3iB
10HI3aIlil EJEKTPOHIB aTOMIB BaHAMil0 W KHCHIO Ta
€JIEKTPOHIB iHmoi  cuMmerpii  mantanoiny (¥
PEHTTCHIBCHKIM 00JacTi JOBXUH XBHIb 30yHKEHUX
(OTOHIB) He J03BOJSE€ IOBHOK MIpOI0 3a JaHUMHU
HAIIOTO  €KCHEepHUMEHTY BHSBUTH IiXHIO pOJb Y
¢bopMyBaHHI CTelli 30HA BAJICHTHHUX CTaHIB OKCHUIY
GdVO,. Cnia 3a3HaunTH, MO (OpMa YaCTUHU CIIEKTPIB

Gd
50

ITOBHA

10

0,04 4
0,024
0,00 ==~

N A
I

cranu/eB/crin
o

1,6 1
0,8+
0,0

20 f
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T T T T T T T
-20 -10 10
E,eB

Puc. 2. [loBHa i napuianbHa €JIeKTPOHHA IIIIBHICTh
atomiB P3E B oxcuni GdV O,.

(mix C; puc.1) B OCHOBHHX pucax 30iraerecs 3
BIJIMOBIZIHOIO CTPYKTYpOIO crekTpiB Ln4f - enektpoHis
cnonyk LN,Ozi LNF;, HaBenenux y po6ori [6]. et dakr
CBIMYUTH MpPO Te, MO CKIAJA CIONYKH HE BIUIMBAE Ha
dopmy crnektpa. OmTke, MOXHa mpunyctutd, mo 4f-



Enextponna 6ymosa oproBanagata GAV O,

€JIEKTPOHH JIAHTAHOiNy He OepyTh ydacTi y XiMIYHHX v

3B's3Kax B oproBaHaaati GAV Oy, ]
3ona rmbokux craHiB  okcugy GAVO, mo 6+

Bignosimae mikam A (E,, =-19,6e¢B) 1a B (E,, =- 3_'

16,08 eB), mae ckimamHy CTPYKTYypYy 1 € pe3yibTaToM

riOpuau3aliii aTOMHUAX CTaHIB raJ0JiHII0 Ta KHCHIO. 0 ; ; : ;

OOMexeHI  MOMKJIMBOCTI  PEHTTHEOENEKTPOHHOI
CHEKTPOCKOMii HEe JIO3BOJIMIIM  OTPUMATH  Oinblie
netanbHy iH(MopManito 1po OylOoBY BaJEHTHOI 30HU
opToBaHazaata. [lonanpiie yrouHeHHs ii XapaKTepUCTHK,
a TaKOXX YCTaHOBJICHHS OCOOJMBOCTEH XiMIUHHUX 3B'S3KIB
cTae JIOCTYITHUM pu BHUKOPHCTaHHI
KBaHTOBOMEXaHIYHUX PO3PAXYHKIB.

PosrmssneMo  OunmbInl  JIOKNIQAHO — PE3YJbTAaTH ]
po3paxyHKiB. SIk BHOHO 3 puc. 1, eHepreTHmyHa cMmyra 0,04
oproBanagaty GdV O, ckafaeThes 3 TPhOX SHEPTETUUHO
PO3MiTIEHUX CMYT: CMYyTH TuOokux craHiB (-25 + -6 eB), y T T T
creni BajeHTHOI 30HU (-6 + 0 eB) i 30HU BiNBHUX CTaHIB
(3+10eB). Cwmyra raubOKHX CTaHiB CQOpMOBaHA ] d
CTaHaM{ aTOMIB JIAHTAHOIMY 1 KHUCHIO. ATOMH BaHaJIilo 2
JAIOTh MaliMii BHECOK Y (opMyBaHHS Mi€l YaCTUHU
BAJICHTHOI 30HMU. 0 .

Cranu cremi BajieHTHOI 30HM it okcuny GAVO, -20 -10 0 E, eB
copMOBaHi B OCHOBHOMY TiOpHIM30BaHMMHU CTaHAMHU
aTOMIB BaHAJiI0 Ta KUCHIO, IO BKa3ye Ha iCHYBaHHS
KOBAJICHTHHX B3a€MOJAIH MK HUMH aroMaMu. BHecku
CTaHIB IpH IBOMY BiA JIAHTAHOIJIB BUSBIIOTHCS Puc. 3. IloBHa i mapuianbHa €IEKTPOHHA IIiTBHICTH
He3HayHUMH. [le CBimYMTH Mpo CIa0KOCTI KOBaJCHTHOI aToMiB BaHafilo BaHagaty GdVO,.

B3a€MOJIii aTOMIB JIAaHTAHOINIB 3 aTOMaMH OTOYEHHSI.

CMyra BiBHUX CTaHIB copMOBaHa TiOpUIU30BAHHUMHU

CTaHaMH aTOMIB, 110 (POPMYIOTh JTOCHIPKYBaHHH OKCHI.

Cnig Bi3HAYUTH, IO JJIS CTaHIB aTOMIB OPTOBaHAJATy 0]

GdV O, xapakrepHa Malia MoJsipH3allis.

Pe3ynpraT, HaBeneHi Ha  pucyHkax 2- 4, 6 TIOBHA
YTOYHIOIOTh IHTEpPIpETAaIi0 PO3MIISAHYTHX BHIIE JaHUX.

I'mu6oki CTaHU yTBOpEHI B OCHOBHOMY 34
riOpuan3oBaHuMu  5Sp - 0OOIOHKOIO TajfodiHil0 1 2S-
000110HKOI0 KUCHIO. Halibinbmmii BHECOK B (hOpMYBaHHS
CMyru T0ONM3y HYNBOBOTO 3HAYEHHS EHEpriil JaioTh
O2p - i V3d - cranu. Bukivkae IiKaBicTh JeTaabHIIIHAIA
PO3TIISIT KapTHHU PO3IOIUTY CTaHIB aTOMIB BaHAIIIO i
KUCHIO B ipuepMiiBchKiit 30Hi. Ha pucynky 5 HaBeneHi
KpUBI PO3MOIUTY €JICKTPOHHOI IIIJIBHOCTI OKPEMHUX
rapmonik V3d- i O2p-craniB. BuaHo, 1110 BalieHTHI CTaHU
aTOMIB KHCHIO 1 BaHaJiro riOpuan3oBaHi i (GakTHIHO He 004
MOJISIpU30BaHi. BkakeMo Ha THUIU XIMIYHHMX 3B'S3KiB, 08

3nificHIOBaHUX HUMU. TyT MoXke HTHCS IIPO yTBOPEHHS
KOBAJICHTHHX 3B'SI3KiB G-THITy aTOMiB KHCHIO 3 aTOMaMH ; p
BaHAmil0 3a JomoMoro Kombimamii O2p- V3d- 04-
opOitajneif 1 7-3B'I3KIB aTOMIB KHCHIO 1 BaHalil0 3a '
onoMoroto kombinariit O2p,- V3dy, 02~ V30>, ]
0.0+ T T 1
0 10

T T
-20 -10

TIOBHa

0,044

0,02+

0,00 -—&/k‘.

cranu/eB/cnin

0,8+

0,4

cranu/eB/cnin

E,cB

Puc. 4. TToBHa i napuiajibHa eJIeKTPOHHA IIIIEHICTh
aToMiB KHcHI0 optoBaHamaty GdV O,.
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Sk BumHO 3 puc. 2-4, 30Ha BIUIBHHX CTaHIB

21 copMoBaHa B OCHOBHOMY mmopoxkHiMu f-cranamu P3E

ta d-cramamMu BaHamgiro. Takox y QopMmyBaHHS

H ,"ll.ll. : 3a3HAYCHOI 30HM MOMITHHH BHECOK MJalOTh 1 S, P-
0- <'::-'\: : CHMETpii aTOMIB KHCHIO. .

N PosrmstHemo  mutaHHS  (OpMYBaHHS ~ MAarHiTHHUX

vl MOMEHTIB atoMiB B oproBanamati GAVO,. PospaxyHok
u MOKa3aB, IO MOBHHUI MATHITHHH MOMEHT eleMEHTapHOI
KOMIpKH JOCIIDKyBaeMOro okcuay ckiamae -0,00003

CIIIH-JIOHU3Y CIiH-OBEPXY

T mardetoHa bopa (M ). Po3nozin MarHiTHIX MOMEHTIB B

0,4 MT - cdepax aromiB BusBuBCs HactymHum: Gd —
= 0,00036m,, V — (-0,00085)m,, O — 0,00039M, .
E) 0,2 YacTHa  Mar"iTHOro MOMEHTY JIOKali3oBaHa B
as) . - . . .

2 " mixcoepniii obmacri  (-0,00074 M, ). BincyTHicTs
‘E 0,01 - MAarHiTHOIO MOMEHTY CBiJYUTb, IO EIIEKTPOHHI CTaHHU 3
© v PI3HOOPHUEHTOBAHUMH CITIHAMH 3aCeJieHI OIHAKOBO, IO

0,2 MATBEPIKYE BHIIIE BiJ3HAUCHY BiJICYTHICTb

MOJISIPU3AITii.

04 T T T T T T T

-5,0 -25 0,0 25 5,0

E,eB

Puc. 5. I[lapuianbHa eneKTpoHHA IIIIBHICTH aTOMIB
BaHaio 1 kucHio crionyku GAdVO,, poskianeHi Ha
TaDMOHIKH.
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Electronic Vanadate Structure GdVO,
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65026, Odessa, 2, Dvoryanska, &r, e-mail: allforme@eurocomod.ua
2National Pedagogical University named after K.D. Ushynskogo
65091, Odessa, 26, Saroportofrankivska, Sr.

Electronic structure of the GdVO, ortovanadat is investigated using X-ray spectroscopy as well as the band-
structure LAPW-calculations. The information about the spins description of atoms, and also about law’'s
conformities of power zones forming of the valency statesin the oxide GdV O, has been receipt.

Key words: electronic structure, vanadate, X-ray spectras, LAPW- calculations.
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