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Electronic structure analysis of transition-metal ions and rare-earth ions in crystals based on

non-empirical relativistic configuration-interaction calculations

(HERSDFIE)

REVIEE  BEFERS  NVEJFR—%  Kwansei Gakuin University Kazuyoshi Ogasawara

The “true electronic states” of various lanthanide compounds and transition-metal compounds have
been investigated by the first-principles relativistic configuration interaction calculation program
developed by the author. The following results have been obtained. (1) The long life time of the
charge-transfer luminescence of Sr,CeOy4 was found to originate form the symmetry of the molecular
orbitals rather than the spin states. (1) The Eu ions in BaMgAl;(O;7 mainly occupy the BR site in the
bulk and the aBR site on the surface. (3) The peak assignments of Ni L, 3-edge x-ray absorption near
edge structures (XANES) of NiO and NiF, were confirmed by first-principles calculations. (4) A
novel program for first-principles calculations of magnetic circular dichroism (MCD) of
transition-metal L, 3;-edge XANES has been developed. A problem in the applicability of the “sum
rule” for 3d transition-metal oxides has been indicated. (5) The peak assignments of K'L'! multiply

ionized Kf§ emission spectra from Si and SiO5 have been clarified for the first time.
WL B Y

T D, h§a§7 /7A@%E@£$uiwxﬁﬁfﬁ% JFBR Sy 8 71T
DG RBE(L R EDOEERFRELFRIATAD L IR TETWS, L#L%@*ﬁf\
A F o fGa R OF LA A ORE  EARINA T MACEEESRE A A ONERRNE 2
X7 MR EDH L, SEEHENHEILDS A7 MUVIZEL L, KR E L TR ASHER
RAMSLA A VBRI IS < BRBRA R ENT LT Tnivy, Zhud, THExmmaEl &
TR0 OERFLVWIBEHESOLDIEIEIRETHL ZLBHEERTHY . ZO5E
LRI HEFHE AN L ELERBAROEK TH DL L EZRLTND

ZOXDBRBREFHT B0, REWEFIT I E T, 2B TR Dirac FFE ARl
MFEAEAER(CEIZ & » TR T —JRERMXIER CLEI R 7' e 7T A )OS EZIT> TET,
AR TIE, HFRAEREPMBICEAR Lz LR Y v 77 22 HWT, A A VBT o
i HEA A ORI - FNBRINA R MASREBREGRE A A ORI A7 ML &%
FERBRITFRT T A Z L Lo T, fix DLAMTOFH LA 4B AR A A BT
5 TEOERE] 2BAT5Z L 2A0E LTHIEZ{To 7,



1. SraCeO4 H1> Ce¥ DB ERLER DIALIR O]

SrCeO4 T Ce* IZBERBENF N (Ce 4f—-> 02p) ZaRTZ ENERMICHEShLTWY
Do ZORKDOFEAMITI5~65us TRETH Y, WHED Ce™ D 5d— 4 F)e (30ns F2E) &L
WL THROTEEMTHD, TORBFIZOVTIE, TRETHOEZA, [HE b L EERE
IZBWTAE—EHIERETH-72H DM, 02p — Ce df OFBEBMBEIFILICHE > TR 0
RERL C=EIEREE L R D7D, BWMBEIRIFE AN ALV ERHEE e, REME
Dol EFEREILTUVNAIL. van Pieterson ef al., J. Electrochem. Soc. 147, 4688 (2000).], L/>L
NG, EOBRIZA B NKERT A HBICHOWT, BiERFEmITITbhcunwiy, 2
TAMFIE T, Z ORIRO LU E RIS D 72D, S1CeOs D Cetlz o T, B E)
Nty Uﬁkiﬁﬁ —JFEAR R CLEHE 21TV BB EALES A7 ML OIERBRT
RTMELTS & & BT, BREMBIEORFIZ OV THRE L,

2. FEIOLEBAM IZBT 5 B O AV A OB

Plasma Display Panel (PDP)IZ/A< VY 54T 5 F @ HE(R BaMgAl O7: Eu®' (BAM:
EUNE B—T A I TS EE L, AVRAT 2y 7D Ba-0 JEBIZ Eu MFEEL TS L&
ZHNTWDD, JENIZEIT 5 Bu ONLEIZIAfEIZIZ DD > TV RV, Mishra 51, ZERK
BIEIC L D7 72 F —FHEICESW T, BAM (2B 5 Eu™' 0 4£5d BB A7 M LDEHE
ATV ZOFERN G (Bud’ 3 204 kD% ¥ Beevers-Ross (RB)¥ b, anti-Beevers-Ross
(aBR)¥ A k. mid-Oxygen (mO)¥+ M & HH L TW5D L L CUWA[K.C. Mishra et al.,
Lumin. 96 (2002) 95-105.], BR % hE, FEEEIZHBT D Bad¥ A FTHY, aBR VA b
& mO VoA MIMEFHAMEICKIST D, F72, Stephan HiE, /N> REFEZHW-£xT R L

—EIEOERNS, b STEEOY A FOFTRLEERYA ML aBR A b THD
& LTV S[M. Stephan et al., Zeit. fur Phys. Chemie 215 (2001) 1397.], L2sL7an s, =
NHOFEIINWTR S —ETEPICE S bOTHH 0, FEMAITICIT, £ BEEE
ZERLIE, LVBEENRIELSLETCHLLEEZOLND, T CAIFIETIE, Zhb 3
OV A M2 EFET D EulcoWTETILY T AZ— 250 L MxEh CLIEIC & 5 47-4/°54
BB A hLE LU Bu Ly I XANES OF —FEEIE 21TV, 20 O RICES
T, BEuDERYA MIET R 21To 7,



2. BBARE LW XANES (2815 U U Ri— L O
BRERELEYOEBRERE Ly WIUHIZET 5 X BRI EHMEE (XANES) (X
INFET, ERT—FE2HBATHL VNI A—F—2RETH, &I ERBRRFIE
(2 & > THRHT ST & 72, NiO B L UNiF, @ Ni Lys WG XANES (22oW Tk, ZOFk
2, WNTA=F =L LTI I RN EEOHREZEID ?\ﬂf:?‘/if‘ﬁﬂh ST
D0, FFREFRICES RIS O TWRY, T TRIFETIE, ZndD{LEW
{ZDVNT NI Lo WIS XANES O — R H 21TV EBR A ML & O AT -7z,
AR T, =27 ORIE, iV B2 FR—/L ORI EH ~ O Fhitt 0> %h 5 4 B fife

2T 5702, LTORSMETEHEZITV, RE R LT,
(a) Ni2p, Ni3d ZERSy &3 DHED HE[E
(b) Ni2p, Ni3d, O 2p (F 2p)%& ElSy & T DA O A5 )E.
(¢) Ni2p,Ni3d, 0 2p (F 2p), Ni 4s # F sy &3 DHuE DA B

B AR Ly WU XANES (2381 5 MCD A7 M Lo —FELEHE
ERRER Ly WIH XANES (28 2R MR G (MCD)AXY MU EEwmR O
BEERA TV OFOHEMRE—A Y FEAY VR E—A Y ML TROL 72D

ODHERRFETHD, sum rule ZWHTHZ LICL Y, EBRAXY M E2RST D120 T,
EHEZ D DREERD D Z LN TE B[P Carra er al, Phys. Rev. Lett. 70 (1993) 694.], L72>L
RSB, F— R CLEHE 2RI 4uE, EBREAT O :&fcﬁﬂiﬁ’—ﬁ%wx > bR
IZE - TRODHZENFREL 22D IXT TH D, £ TARFIETIE, FE—JRIEM G CLEE
7a s T AERRELTCHESE NI TEGEOF RIS TS L b %) :%lzx/\// NV DEF
Brwa 7o nEMRELCHEEE, ZEEBEEOWIN AT MIZBIT SR HRE
EMEOF—FEEIE 2 WHREIC Lo, BERR7F & LT, CrO, @ Cr Ly Wiim XANES (235
75 MCD OfF—FHEE ATV, EBRAY ML EOHEZITo72, & SIHEBEENS
EROSRO IR T— A 2 FOfE & BEGG A7 R/ b sum rule 2 VTSRO 7=l 2 Lbige -
AHZEIZED, sumrule DEYPEIZONT HBET LT,

5. Si& Si0DK'L' BEA A AL KB X MFIEARY MAOFE—FEFHH

Si & Si0 @ K'L' S EA A ALIREED B O X BRI AT MUTTBIRB R LT 223,
SiO DAY FARRRT 12— RIZR>TWND, THLHDANY MUIIEIT S E—7 Ok
DWW T, YRR R VT 23 T T 525, %ﬁﬁfﬁﬁﬁﬁﬁéi/? SALTUNRUY [T Yamamoto
et al., Nucl.Instr.and Meth.in Phys.Res.B 109/110 (1996) 23.], & Z CTAMFZE T, Si & Si0, D
K'L' ZEA 4 ML KB X I ALY MAOFE—FHFHE 2TV, 227 b ORIROfEH
G



d
g

1. SrCeO4 1> Ce* O B BALER 0 FEIR O fiRt ]

F—IRPERI RS &V RO T BB B ERL O = 2L F— LSS T O WIN AT h LA
Wy % & BRBEREEMD 56, HEAET R X — 0O EG ~ OB i 13m0
TS BINANRZ FZIZEAEFEE LRV ERRALNE R -7, BIEOHEITIE,
IO DEMIIRIRBIZ/R D EEZONE700, BHERBRITERGER 2 E%HICEIEL T
Wb, £, HTHEO =R ALXF—EN 2T 5 &, lEFH L0 FHuaIZE T
ungerade T& ¥ | [F] U< ungerade T 5 Ce 4f MENL~DIEFRS | THIE O X FMEIZ L 0 BB R
TR L 72D, LIzh 2T ZOREEIE SrCeOy 1 Ce* I W TEMBEILES N E
LR BIERED, A REBRY e L ABUEOKMHEICER T 250 THL LR LT

W5,

2. HEENAEBAM 2B 5 B O EHH A F otk

RIS L > TEONEEY A F O 47-4f5d ERBOBGRWILA Y b % FEBRE
BAR7 h T D E, mbBW—FERLIZDIZaBR A N THY, BuDEELH
YA MLaBRYA N THDHZ LRSIz, —7F . Bu L WU XANES OB A~
hL & FEEBRANY ML OHENDBIE, Bu DFEEREFGYA MIBR A N THDHZ EMN
RESIL, MEFOMTRRLERNG LI, L LR B, XANES O EIZITRENE
B DIERAE DAL, 4F-4f°5d i 227 ML OBEITHE OREHEDTEHRO HBHSHH
TWHZEEEBRETDE, ZhHOERIT. IBBARETIE BR 1 FoEFERNE, &
BIRE Tl aBR A FOEFEREN] EBXDTETFERSHATHZ LN TE D,

3. EBBERE LW XANES IZ81F 5 U Y Rik—/LD%hH

FIREFEIC L s TRONEARY MLEERARY ML ERETH L, RBBEL
FHUEB O Z NN )DHEICE TOMMEENFEHR S, v—7 OREY BIERNREE
R OMITIZE SV CTHIEICIRET D Z N TE T2, FFHEFEICESL -7 R
BAZZNE TOFRBR LR R E 2 —ET LD THY . THLETOMROZLLME
ERTZENTE T, 612, VAV FER—LOFRKIZ L DM OBEAREICSOWNT S,
BB EICE SO TERNICEMT 5 2 N TE T,

4. BEAER Ly WIUE XANES 1281 5 MCD A7 hLOFE—FEEHH
BRI L o TE S =BG MCD A7 kL) sum rule &2 AW CTH S - e
GRE—A L PBLUOAE VBERE—A 2 MIZFEER MCD A7 Kb sum rule 2 VT
FohicfEme By—8zr L, Zhid, F—FEEHEIZE > TMCD 27 MRRLSHF
RENTNDEIEZRLTWS, —FH, E—RHEEIR T, £EFORBIREE BANIC

=



FoONTWDID, WEIREE G EHE, PUERKE— AL PBLIOAEUVHERKE—A L b
EEMET D ENFRETH D, WEIBE D EEAG LN E . B AN b sum
rule ZHWTROTAEZ EET 25 & ME I3, sumrule |2 1 2 TR RIZEN H
D ATREME2METH S AU72, sum rule 2@ T HERT, LW & Ly WIS & OFE/ED 24
BERDIA, 3d BEBERBILMIZBO L, TRHDOAXT MANEEMBEEERCLD
RSV, BAfERSBENREC /572010, ZOXIRENELZbOEEZOND, LT-
o T, sumrule # HWTEBRARY M GEERTE— AL FEROAEITIE, 20X 57
MEZZBEICANDRLENH D B LN,

5. Si & Si0, D K'L' EA AL KB X IS ALY bAOFE—FEEEE
F—FREEOMELY . SiOK'L' £HA 4 1L KB X AL M/ Si 3s,3p — Si 1s
DEBIHIGET 208, —BFELGEIE CTIIERASY M AFHTET, 2ETOEE
ToTHIHTHEINAZ ERbroTz, LIeRN-oT, KEMIZEEGRNEETH D,
—J5. Si0 DHEEIE, Si3s3p ZEHATAEFN L E D EFTELRWVA, O02p ZERHIET
HAME I Si38,3p DO WNRISH1-DIC, ZIMLDFENICLY | RfER AT bR
oD, LaL, ZHAETTIE, Si OBELRERRANZ b LLMMELRT, Tr—F
270D Z EDFATERY, I T, ZEA A MEOBRIZ—HOETH O 2p 225 Si 35,3p
AL A~FhEE AL D &2 2R (Shake up) ZF[E L7-FHE AT 9 &, & TOMMEEFHR
TELHZ LBRbhal,

WHIEFER

REEER S

Lo /NSER—1E, BESBEUR, SRBAH, HHEESE, A HEKE, Mikhail G Brik ; [y 48
EMAEEDFE RIS HFEAY ML OfiENT) . ISRk TS
P & 122 EWFES GRAL, 2005)

2. B RB. B FR, PR . ER ESE; TBaMgAlOi:Eu 2381 D 4£5d
HRIXAN T M OFE—REGE ] ISAmEEs G, 2005)

3. Hiroaki Toyoshima, Shinta Watanabe, Kazuyoshi Ogasawara, and Hisashi Yoshida;
“First-principles calculations of 4/~-5d optical absorption spectra in BaMgAl0O17: Eu «, The
14th International Conference on Luminescence (Beijin, 2005)

4. Kazuyoshi Ogasawara, Mikhail G. Brik, Takugo Ishii, Hidekazu Ikeno, Isao Tanaka;
“First-principles calculations of MLD and MCD in Cr L;3-edge XANES of CrO; «, The
20th International Conference on X-ray and Inner-shell Processes (Melbourne, 2005).

5. Kazuyoshi Ogasawara , Takugo Ishii, Hidekazu lkeno, Isao Tanaka, “First-principles

Calculations of Transition-metal L,s-edge Electron-energy-loss Near-edge Structures of



Transition-metal Oxides” European Congress on Advanced Materials and Processes

(Prague, 2005)

6. B8 IR, M UK, MR —t, HH S TBaMgAlgO:Eu 12555 Eu

Ls-edge XANES A7 ML OFE—REREIE | ICHWEESES (BE, 2006)
LR

Lo /R, ESBIUR, BRRBA, WAL, ARG, Mikhail G Brik ; [y 148
B EOE—FEIZ IS BFE AT MAOffir], IS AYEESES T¥
M= B 122EWFERT 2 b (2005)

2. H. Toyoshima, S. Watanabe, K. Ogasawara, and H. Yoshida; “First-principles calculations
of 4/-5d optical absorption spectra in BaMgAl;(O;7: Eu «, Journal of Luminescence (in
press)

3. Kazuyoshi Ogasawara, Shinta Watanabe, Hiroaki Toyoshima, and Mikhail G. Brik,

“First-principles calculations of 4f'-4/"'5d transition spectra”, Handbook on the Physics

and Chemistry of Rare Earths (in press)



