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MeTtomoM pEHTIeHIBCHKOI CIIEKTPOCKOMII Ta 3a JOMOMOTOK 30HHHX po3paxyHkiB y JIIIIX- HabmmkeHHi
JIOCIIIKEHO eNIEKTPOHHY CTPYKTYpy opToBaHanariB LnVO, (Ln=Y, Ho). OtpumanHi gaHHI Ipo 3aps0Bi Ta CIIHOBI
XapaKTePHCTHKU aTOMIB, a TAKOX IIPO 3aKOHOMIpHOCTI (hOPMyBaHHSI €HEPreTHYHNX 30H BaJEHTHUX CTAaHIB B OKCHII

LnVO, (Ln=Y, Ho).

Korouosi ci1oBa: enekrpoHHa Oy10Ba, BaHAIaT, pEHTTEHIBCHKI CIIeKTpH, po3paxyHku JITIITX.
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Beryn

PigkicHO3eMeNbHI OKCHIIU 31 CTPYKTYPOIO IMPKOHY
LnVO,; (Ln=Y, La+Lu) Bimomi sIK yHIKaJbHHH KJac
CIOJIyK, LI0 MAalOTh BJAJIE CIOJYYeHS EJIEKTPUYHHUX,
MarHiTHHX, ONTHYHHX  Ta  IHIUX  (I3UYHHUX
BJIaCTHBOCTEH. JlOCIIDKEHHS OPTOBaHAaTOB CTAHOBUTH
iHTEepec y 3BI3KY 3 IXHIM 3aCTOCYBaHHSM B SIKOCTI
pobounx MarepialliB y Jla3epHiii 1 e1eKTpOHHIN TexHili. 3
pPAAYy TaKuX CIIONYK MOXKHA BUAUIHTH OKcHau Y VO, i
HoVO,. 1li chnoiyku € ONTHYHMMM MaTepiagamm. Ix
BUKOPHCTAIOTh K JIOMIHOGOpH 3 PI3HOMAHITHUMH
CIEKTPAIBHIMHU  XapaKTEPUCTUKAMH 1 SK aKTHBHE
CEpElIOBUIE  ONTHUYHMX  KBAaHTOBHUX  T'€HEPATOPIB.
OueBnaHo, 1m0 (GOPMYyBaHHS BHINE 3a3HAYCHUX
BIIACTHBOCTEH B OCHOBHOMY BU3HAYA€THCS EJIIEKTPOHHOIO
CTPYKTYPOIO JAaHUX CIIOJYK.

Panime uis BHMBYEHHsSI €JIEKTPOHHOI CTPYKTYpH
OpTOBaHAIATIB LnVO, Oy IIPOBEEHI
KBaHTOBOMEXaHI4YHi PpO3paxyHKH €JIEKTPOHHOT
CTPYKTYpH B paMKax KiacTepHoro mimxoxmy [1-4].
Po3paxyHKkn KiacTepiB MPOBOIMIICS HAITiBEMITipHIHUM
MeTogoM MainikeHa-Bonabsdcoepra-I'ensmronsma [1] i

X0-MeToIoOM ~ AWCKPETHOTO  BapitoBaHH [2-4]. VY
3rajaHdx po0OTax OCHOBHA yBara HPUALIIETHCS
BUBYEHHIO CIEKTPaITbHUX XapaKTEePUCTUK i
MO/ICIIFOBAHHIO Mpo1IeciB MOTJINHAHHS 7}

BUIIPOMIHIOBaHHS PEHTIE€HIBCbKUX KBaHTIB y 3a3HAUE€HHUX
croiykax. Y pobGoti [1] AOCHIIPKEHO PEHTIEeHIBChHKI
eMICiiHI CMyrd BaHajil0o W KHCHIO, OTpUMaHi
€JIEKTPOHHUM 30y/DKeHHAM y cnosykax LnVO, (Ln=Y,
Pr, Nd, Eu+Yb). Takuii Merox oIep)KaHHSA
PEHTIEHIBCBKUX  CHEKTPIB MOXE HPU3BOJUTH IO
PO3KITaTaHHsA PEYOBHHH. Hns iHTepIpeTamii
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JIOCTIKeHnK crekTpiB Oymm mposemeHi MO JIKAO
pospaxyHkn Kiactepin Tthmy VO, i LnOf— B
3a3HAYCHUX BHINE opToBaHamaTax. OOipBaHi 3B'S3KH
MPUKOPJOHHUX aTOMIB TPU3BOIATH JO IMOXHOOK MPH
pO3paxyHKax 3a3HAYEHUMH METOIAaMH, IO CTaBHUThH I
CYMHIB TXHIO SIKiCTb.

VY nmaHit poOOTI AOCHIKYIOThCS cronykd YVO, i
HoVO, 3 BUKOpHUCTaHHSM 30HHHMX PO3PAXYHKIB JiHIHHUM
METOJIOM TpHueaHaHuX Iockux XxBuib (JIIIX), sxwuit
JO3BOJISIE OTpPUMATH JaHI TMPO TOBHI W mapmianbHi
IIITEHOCTI ENIEKTPOHHUX CTaHiB. SIK eKCTIepUMEHTATbHIHA

METOJI BHKOPHCTOBYETHCS ¢yopecrieHTHA
pEHTTeHIBChbKAa  CIEKTPOCKOINs,  SIKA&  BHUKIOYAE
MOXIMBICTS  po3KiamaHHs cronyk. OCHOBHa yBara
MPHILIIETHCS 3aKOHOMIPHOCTSIM (dbopmyBaHHs

€HEepPreTUYHUX 30H BAJCHTHUX CTaHIB 1 MeXaHi3MaM
YTBOPEHHS XIMIYHUX MIKaTOMHHUX 3B'SI3KiB, 3apsIOBUM 1
CIIHOBHMM XapaKTEPHCTHKAM aTOMIB.

I. Metoauka nocjaiKeHb

Okcuan  YVO, 1 HoVO,; BigHOCATBCS 10
OpTOBaHaJaTaM 31 CTPYKTYpPOIO IIMPKOHY M MaloTh
KPHCTaJIIUHy PELIiTKy 3 MPOCTOPOBOIO rpymnoto [41/amdz
(Ne 141), a ii ¢parMeHT cxeMaTH4HO 300paKEHHH Ha
pucynky 1. IlapameTps TeTparoHalbHOI KOMIpKH ISt
YVO, Taki: a=b=7,1183A; ¢=6,2893 A, a mi
HoVO,: a=b=7,1227A; ¢=6,2891 A. Koopaunatu
HECKBIBAJIGHTHHUX aTOMIB Y YaCTKaX BiAMMOBITHUX pedep



Enextponna O0ynosa oproBanaznatie LnVO, (Ln=Y, Ho)

Puc. 1. ®parMeHT KpUCTATIYHOT PEIIITKA OPTOBAHAIATIB
LnVO4(Ln=Y, Ho) Atomu BaHa/it0 3HAXOIATHCS y
LEHTPI KUCHEBHUX TETpac/piB.

KOMIpKH MaroTh Taki 3HaueHHs mist YVO, Y (0; 0,75;
0,125), V(0; 0,25; 0,375), O(0; 0,4342; 0,2008), mus
HoVO,: Ho(0,0; 0,75; 0,125), V(0,05 0,25; 0,375), O(0,0;
0,4341; 0,2010). [5]

Y nmaHiii poOOTI O IOOCHIIKEHHS eIEeKTPOHHOI
Oynosu oproBanamatoB Y VO, i HoVO, 3actocoBanmii
KOMILUICKCHHMI ITIAXI,I0 3aCHOBAHWN Ha BHKOPHCTaHHI
PEHTIeHIBCbKUX EeMICIHHMX CHeKTpiB 1 pe3yJsibTaTiB
30HHUX po3paxyHkiB y JIIIIX-nabnwkenni [6] 3
TPAJMEHTHIO AalPOKCHUMAIIIEI0 EJIEKTPOHHOI IMiIJIBHOCTI
(GGA - generalized gradient approximation) y ¢opmi
[7]. Hdns po3paxyHKy TIOBHOI Ta MapiiajbHUX
MITBHOCTEH CTaHIB 3a3HAYCHHUX OKCHIIB BHKOPHCTAHHH
CHIH-TIONIIpU30BaHNK BapianT Merony [8]. Y skocrti
BUXIIHHX JaHUX U PO3PAXYHKIB BHKOPHCTOBYBAIIHCS
BUIIIE 3TrajlaHi CTPYKTypHi XapakTepuctuku. Pagiycu MT
(muffin — tin) — cdep Oynm oOpaHi 3 MOTIALY MiHIMI3aITT
po3mipiB MexchepHOil 001acTi B OKCHII 3 HAHMEHIIMM
00'eMoM enemenTapHoi komipku B psmi LnVO, (Ln=Y,
La<+Lu) i ckmamu mus Y, Ho — 22 A, V — 1,67A i
aromi kucHio — 1,55 A. [Ipu pospaxyHkax miinbHOCTe#
CTaHiB BUKOPUCTOBYBAJOCS 126 TOYOK y HETIPH3BOIUMIiA
yacTuHi 30HH bpmmmoena mus cnoiayk YVO,4 i HoVO,.
Junst anpoxcumarnii xBuwiboBux ¢(ynkuisi Ho4f-, V3d- i
O2p-enexTpoHiB BukopucroByBanucs APW+lo-6a3ucu, a
JUISl XBHJIbOBUX (DYHKIIIH IHIIMX BaJICHTHHX EJIEKTPOHIB
O6asucu  JIIIIIX.  [Jobyrox pamiyca MT-chepu
MiHiMasbHOTO 00'eMy (Rmt) it MakCMManbHOTO 3HaYEHHS
XBWJIBOBOT'O BeKTOpa Iiockux XxBwib (Kmax) oOpano
PIBHUM LIECTH, 8 MaKCHMaJbHI 3HAa4Y€HHS KBaHTOBOTO
yucna | =10 s mapuiaibHUX XBWIIB ycepenuHi cdep i
1=4 B oOuucnennsx non-muffin-tin  MaTpUIHUX
€JIeMEeHTIB. 3a IOIOMOTOI0 TpoLeAypHu «open core» [8]
Ho4f-enexTpoHu BpaxoByBaicCs B IKOCTi OCTOBHX.

PenrreniBebki  ¢ayopecuenti VL av5-, OKav -
creKkTpH 3apeectpoBani Ha npmwiagi CAP® — 1 3 migHuM
aHOJIOM,  pHUCTaJloM-aHamizaropoM  RbAP  (Mixk-
mwiomuHHa  Biactans 13,068 A) i mporounum
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MPOTOPIIHHUM aproH-METaHOBUM TYAITHHAKOM
IMITyJIbCIB, 110 BUKOPHCTOBYBaBCS  SIK  JIETEKTOp
BUNpOMiHIOBaHHA. Po3pisHenHs mpwiany mnt VLo - i
OKa, - emyr cknano ~ 0,2 eB.

YV BiANOBITHOCTI 3 JUIOJILHUMHE MPABHIAMH BiIOOPY
Lo, ,-cMyra BaHagito BigOusae iforo BameHTtHi 3d- 1 4s-
enexTpoHu. OK «v | ,.cMyTa, y CBOIO 4Yepry, XapaKkTepusye
EHEepPreTHYHU po3nonin BadeHTHHX O2p-eleKTpoHIB y
OKCHJAX, 1110 BUBYAIOTHCS.

II. OGroBopenHs pe3yJbTaTiB

[Mpoananizyemo orpumai pesynbratu. Ha pucyHKy
2 HaBelIeHI MOBHI INUIBHOCTI CTaHIB OpPTOBAaHAIATIB
LnVO, (Ln=Y, Ho) i moOBHI eNEKTPOHHI INiTBHOCTI
aToMiB, 1O (OPMYIOTH JaHi CHOJYKH. SIK BuaHO 3
pucyHka, npu mepexoxni Binm Y no Ho B oproBamamari
EHePreTUYHUI PO3IOMALT  eNeKTPOHIB  OJHONMEHHUX
aTOMIB 3MiHIO€ThCA. [IpoTe, MOXKHa BKa3aTh i Ha CXOXi
pHCH B €JEKTPOHHIH OynOBI JOCIHIIKYBaHHUX OKCHJIB:
30Ha BAJCHTHHUX CTaHIB CKIAIAEThCS 13 JBOX MIJICMYT:
IITHOOKKX CTaHiB, PO3TAIIOBAHMX B IHTEPBAJl CHEPIrii

Bim -20,0 g0 -15,0eB, i cramie 0Oe3mocepenHbO
NPUISATal0YKX 10 HYJbOBUX 3HAYEHb EHEpTii.
Crann moOnu3y HYJIBOBHX  3HA4Y€Hb EHepril

chopMoOBaHi TiI0pUIM30BAHUME CTAHAMU aTOMIB KUCHIO i
BaHairo. e (akT ykazye Ha iCHyBaHHS KOBaJICHTHOTO
3BSI3Ky MDK AaroMaMH BaHAQMil0 W KHCHIO, SIKHHA
MpUTAMaHEeH JUI TaKuX croilyk. CMyTa rIHOOKHUX CTaHIB
BUSIBIIIETBCSL  C(DOPMOBAHOKD B OCHOBHOMY aTOMaMu
piaKiCHO3eMeJIbHUX eNeMeHTIB 1 KucHio. Cllifi 3BepHyTH
yBary Ha Te, wmo mnpu nepexomi Big Y mo Ho

CHOCTEpIraeThCcsi 3MiHA  CTyleHs mnojsipuzamii. B
oproBaHazari YVO, mnonspuzauis BiACYTHS, a B
oproBanagati  HoVO,  crmocrepiraetbcs  ciabka

MOJISIPU3allisi CTaHiB METaJIIB 1 KMCHIO.

Ha pucynkax 3 i 4 HaBexeHi MoOBHI ¥ mapriajibHi
CJIEKTPOHHI MIUTPHOCTI aTOMIB BaHANil0 W KHCHIO. Tam
e HaBeJleHI peHrtreHiBcbki VLa,,- 1 OKa, ,-cexTpu.
ExcnepmMmeHTanbHi  CHEKTpH ¥ po3paxoBaHi KpwHBi
IIITFHOCTEH CTaHIB CIIBCTABIBUINCH 32 XapaKTepHUMH
MakCUMyMaMm#. SIK BHIOHO 3 PHCYHKIB, OCHOBHI
OCOOJMBOCTI B CIEKTPax HEMOTaHO BiATBOPIOIOTHCS
PO3paxyHKOBUMHU KpuBUMH. CTaHy mOONU3Yy HYJIBOBHX
3HauYeHb eHeprii s oproBanagaroB YVO, i HoVO,
chopmoBani B ocHoBHOMY V3d- i O2p-cranamu.
BiamoBimHO 10 po3paxyHKIB MiHIMaJbHa IIMPHHA
3a00poHeHOi 30HM B Toulli I 30HM bBpwmmoena mis
cnonyku Y VO, cranoButh ~ 3,08 eB. B okcuni HoVO,
3d-crany BaHamil0O TOJNAPHU30OBaHi, NpPU LBOMY B
HYJTBOBOMY 3HA4YCHHI €HEprii € He3HayHa eNeKTPOHHA
IITBHICTD TOJPU30BaHUX (JOHU3Y) 2p-CTaHiB KHCHIO.

Sk BugHO 3 pUCYHKIB 4 1 5, y hopmyBaHHI TITHOOKUX
CTaHIB OepyTh y4acTh B OCHOBHOMY EIIEKTPOHHI piBHI
aTOMIB ITpisi ¥ roybMist i 2s- cTaHy KUCHIO. Y CIOJyKax
YVO, 3a3Haueni craHu (GOPMYIOThCS OULIBIIOI MIpOIO
4p-piBHsiMu Y 1 2s- pIBHSIMH KHUCHIO, a B cniostyui HoVO,
Sp-piusimu Ho i 2s-cranamu kucHio. J[j1st oproBanagara
HoVO, mnonspusamisi eneKTpoHiB aroMiB TOJIBMIIO
NpakTHYHO BiacyTHs. OpHaK, crioctepiraerscsi ciabka
NOJISIpHU3allist 2s-CTaHiB KUCHIO. [HIII eJIeKTpOHHI CTaHH
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Ha pUCYHKax HyJb mkanu eHeprii (E) Biamosinae po3paxoBaHOMY HOJ0KEHHIO XIMIYHOTO ITOTEHITIAITY.

A%

YVo, HOBHA HoVO, [OBHa
8 8
4 4
ol e
0,04 s
E
E 0,02
Q
2
m
i; 0,00 L A-0,00
<
=
Q
0,08 p 008 p
0,04 04
0,00 00

cHiH-710ropH
3] CIiH-TOHU3Y
La,,
2
’ J\
0 JrR
-20 -10 0

d
-20 -10 0
,eB E, eB

0, J
d 4 CHiH-I0TOpH

3] CHiH-TOHHU3Y

Lo ,

2

1 w,//\

0 - : =
E,e

Puc. 3. [ToBHa # napmianbHi €IEKTPOHHI IIUTBHOCTI aTOMIB BaHaito 1 oro Lo , peHTreHiBChKI CIIEKTpHU B
okcuaax LnVO, (Ln=Y, Ho).
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Puc. 5. IToBHa i mapimiagbHi €JIEKTPOHHI IIITBHOCTI aTOMIB ITpist i TOJIEMIIO B OKCHIAX
LnVO,(Ln=Y, Ho).
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aTOMIB [HUX OKCHIIB [JalOTh HEBEIIMKAH BHECOK Y
(dbopMyBaHHs 3a3HAUEHHMX BHILE CMYT. 3apsaoBi CTaHU
atomiB B okcumax LnVO, (Ln=Y, Ho) HaBeaeni B
tabmmni 1. Sk BuUOHO, TpM TEepexoai Bix ITpis a0
roJIbMitO BiZIOYBa€ThCS IEPEPO3OILT 3aps/iiB Ha aToMax
okcuny. 3aceneHicts Yd- craHiB B okcuai Y VO, OinbIie
3aCEeJICHOCTI BiANOBIAHUX PiBHIB rosbMito B HoVO,, y
TOW Yac SIK 3apsf, 30CEpPEeDKCHUH Ha 2p-piBHIX KUCHIO,
30uIBIIy€eThCS TipH Tiepexoi Big YVO, mo HoVO,,

Taoauns 1

PI3HOOPHUEHTOBAaHUMH CITIHAMH 3aCEJICHI OJHAKOBO, IO
MiATBEPIKY€E BUIIE Bil3HAYECHA BiACYTHICTH IOJAPHU3AIIii.
3Ha4YeHHsS MAarHiTHOTO MOMEHTYy Ha aToMax TOJbMIio,
chopMOBaHOrO #Oro BaJCHTHUMH €JIEKTPOHAMH, Y
crnonyui HoVO, BUSIBISETBCS IPAKTUYHO HYJIHOBHM.

Taoauns 2

MarnitHi MOMeHTH (M, [l ) CTPYKTYPHUX KOMIIOHEHTIB

okcnny LnVO, (Ln=Y, Ho), chpopmoBani ixaiMu
BAJICHTHUMH €JIEKTPOHAMH

[oBHuI 3aps BaIeHTHUX eXeKTpoHiB (Q) 1 ixHi
HapLiaibHi 3apsaau (B ONHHHIAX €) aTOMiB OKCHIIIB YVO, HoVO,
LnVO, (Ln=Y, Ho) EJ‘[eMel‘lTapHa 0.00026 2,0306
KOMipKa
YVO, HoVO, Ln 0,00000 0,00029
7 9‘5{08 9 6\7]62 5 ;)37 71-;(6)2 9 6\2]61 4 9238 Y -0.00002 00897
Q7 - . - . - (0] 0,00000 0,23145
S 1,9792 | 2,015 | 1,5566 | 1,9863 | 2,0138 | 1,5679 Mizkcdepna 0.00029 035786
p | 55612 | 5,7032 | 3,4636 | 5,4899 | 5,7035 | 3,3691 00J1aCTh > >
d | 03758 1,929 | 0,0122 | 0,2579 | 1,8813 | 0,0119
OcHOBHY y4acTh y (JOpMyBaHHI MarHiTHOrO MOMEHTY B
3a3HaYeHid croiyli npuiiMaroTh mMOOKi f-cTaHy
POSrISIHEMO  3MiHY MArHITHOTO MOMEHTY —IIpH TOJNBMiIO, @ TaKO)XXK CTAaHM AaTOMIB BaHAJil0 W KHCHIO.

MEPEeXOJIi BiJl OKCUY, III0 MIiCTUTh ITPild, 1O OKCHIY, IO
MICTHTB TOJbMil. JlaHi PO MarHiTHI MOMEHTH HaBeJCHI
B Tabmumi 2. 3 BHINE HaBEIEHHX MNAHUX BHUIHO, IO
MarHiTHUA MOMeHT B okcugi Y VO, TpaKkTHYHO
BigcytHii. Lleit dakT cBIAYMTS , IO EIEKTPOHHI CTaHH 3

[IpraomMy, y BaleHTHIH cMy3i HAHOLTBIIMIA BILIB MArOTh
2p-cTaHU KUCHIO. HasfBHICTP MarHiTHOro MOMEHTY Ha
atomMax cnoaykn HoVO, migTBepmkye  paHimie
BiJJ3HaUEHY MOJISPU3AIIII0 aTOMIB IIi€i CIIOIYKH.
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The method of X-ray spectroscopy and by area calculations in LPPH-approach explores electronic structure
LnVO,4 (Ln=Y, Ho). Obtained data about the charging and spin performances of atoms, and also about legitimacies of
forming of energy bands of the valence states in oxide LnVO, (Ln=Y, Ho).
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