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[Nw 7 29 A NEIRALNZ IS % 3d FET-BLE OZAL 2 T2 Mk & ik B 22 2 O il 4

Sd%@éﬁ,@ EFEUEOZAL 2 VT Wk L SRS EZ ORI 2@ Lo, # LWBEREOAIRZ BHE L7, mEABIEIC IV ERLZ, 49
CPb*EIIBIY, BYA M 3dEBERELEL N0 T A A MURBEITIER Lz, Py o Ak — SFREERRY - - T TR
7&/rbf»ha%$%l_&‘fuuﬂ*%¢£$®r i & P E 21T o T2,

H—IZ, Co E#a% L7z BiFeOs \Z81T 5, F99BEMEDFBL L BHFIINC X 2 Bl Ml B3 2 98 21T o 7=, BiFeOs IZH A 1L 5 T X
LR E THEEEN L SO (VA 7 m A RAE ) "3, BYA RO Fe % Co™ T—# (10-20%) E#3 52 & C, KROY A 7 m A R
AV UGN D | BIRCIETRMME L RIEA 2 Y =7 A U ~OBRB L Z 5, MG EEIROMBRF B Z 0 A EUREZLO R
TIRFF SN D720, IR TR & EEEMNZ IFERF o, AL TIE, mIEAMIEE VT 4 6Pa OEE T THM L7 BiFer-Co05 (x=0, 0.05,
0.10, 0.15, 0.20) ZHEfEEAK L, Z DR UHEEEE BEHMRIER & A AT 7 =431 K0 G-I L7z, Co BHEIZHHI L Tl =Y =7
ACURENEET HZ &b AU UEEES —REE THH 2 EEMLNIC L, DI, ABETEY vy r Y v AF— - SFRMAEERM
A UTe B3 & B R OFS G M TR I TN A 728, 3 GPa DEESM: T BiFenoCon 0s Hifitdh 2 /ER L. HJE/08 & Bb 5 M OfE IO
TR EAT o1z, ZTORE, BROMBICRERBACESEAFEEL, BHAMICLY ZOMEAESEREIET 5 Z L 2B b Lz, EHICEY
MKFREOEZALNBTRETH D Z b, KIROAE ) —F NS AR E~OIEARR/RIN D,

FAT, ERRIEFHEHEZFFO POVO; ~D 7 4 U o VBN & 2. IES S DR ENE & ABIIRRFEIC BT 28784 1T - 72, PbV0, 1% PbTi0,
&H%@IEHH%J& (Phmm) % 62, V¥ (3d) O¥—r « 77 —RICL 0 VO NFRNE T I » RIICKE BRI LT, o/altid 12312
BAEBERRESBEREZAT D, ABFFETIE, AT A MTBi¥E7213 Na'Z&H# (10, 20, 30%) THIET, NFVTLLA DT 4V Tl
EiTolo, X BEEMIT LY . BT F—71C L 0 EREEELNRBAT 2 2 &85 hoT, PbV0s Tid 3 GPa CHEfR A& BIEH 2 1 5 1E 7 fh-
NGRS E Z 5, ZNEFIA LA TOREOES) T COBKIRIUNE 21TV, ENMRZER LTz, BT R—7TIEZ0BBENARE <
BFT25ZLmnb, EHREENRREENLT D ENbhrotz, —F, A—/ F—7Tld, EHFRERLEBENRIUITE-EThH T2, EHIT
20% A EFEF RF—7 L7 PbV0; Tl WHETHIRT 2 2 LT, 6-8 % OERRMEFURIHNEZ 0 5 IE - HER AL 22 L 3mgnoiz,
ZAUFE ETICHE SN ABEIEYEOh CRORER/ETH Y | HhBRWENE & L CoOEAREIREND,

FEAT, BRI EEMRRICE T 2R AT o7, BUER b % & L2 EBMENL. PbTi0s & PbZr0s DM (PZT) Th 5. PIT ITHH2H
B AYA MTEDRTZD, 7 U —OREBMEIOIEN L AT TS, Bi 1E Pb & FIERIC 65 AINETET-%f O SEARRE E 0 B0 R s 2 &2 e b
HIEND, EATABS N0 T AN A MIFHSREBREMDE E LTI TWS, LL, 5 TICERINTEFSa 72 A Me
BTN TRY c/atbin 1.2 L L KET &, BIFREBISELREBLT-0DBEL 2> TS, PbTi0y & RFRED c¢/a bbb HIESIEL HO Bi &
Na T AHA hOBERIT, FHEBMEBIROERH D 1 >ThoD, AU TIE, AV A FORE LS HIHHEL S (Plon) <27 201 b
Bio.sNao.sV0s & Bio.sKo.sV0s DEEAMICHEII L, PhTi0s & FFREED o/abb & HRSWMEA T2 2 & &2 F R L, BERIEGUHECHAGRIE,

LD, POVOs EFRRIC VI DY —2 + T T =B REMIHN TN D Z E EALNIC Lz, AR T, A% OFBIESEBIRMEIBRTEIC o728 5 %0
%M%éhtrﬁﬁ%f:o

AN TIL, 3d BFEUE O ZALZ Wzt & EE 2 OHIENC X 28 LUWSBE ORI E B L Lz, Bi E721EPb Xe 7 204 MC
BV Ry AR — SERMAEEASY = - T TR EN LB TRE &SRS E A O AR LR 21TV, kit 2 £ Y
—HHE KA BZREM B, FORIESNEBROISIC 27228 5, Bl 2Mie DR R%E Lz,

% FRSCERIT, FAsC 2000 57 & BE3C 300 384 1 #3282 T 24, & L<IFDEL 800 784 1 Hifeii L T< 2 avy,
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[Electronic configuration control of 3d transition metal in perovskite oxides for tuning physical properties and structural
distortion]

In this thesis, | showed three examples of materials design based on the electronic configuration control of 3d transition
metals in Bi or Pb - 3d transition metal perovskites.

Firstly, the spin structure change and the strong coupling between weak-ferromagnetism and spontaneous polarization Ps
via Dzyaloshinskii-Moriya interaction in Co-substitute BiFeOs were studied. In order to study the magnetoelectric coupling,
BiFe0.9C00103 and BiFeo.s92Mno.008C00.103 single crystals were grown at high pressure condition. Electric field induced
reorientation of magnetic easy plane was demonstrated by means of remanent magnetization measurement on the single
crystals. This result is the first demonstration of an electric field affecting the local magnetic moment of Co-substituted
BiFeO:s.

Secondly, the stability of tetragonal structure and negative thermal expansion in filling-controlled PbVVOs, Pb1xNaxVOs3
(hole-doping, x < 0.30) and Pb1.xBix\VVOs (electron-doping, x < 0.30), were studied. The electron-doping reduced the c/a ratio
and spontaneous polarization and effectively destabilized the tetragonal phase. In contrary, the hole-doping scarcely affected
the stability of tetragonal structure. The tetragonal-to-cubic transition occurred at ~500 K in Pbo.7Bio.3VO3 and ~ 650 K in
Pbo.gBio2VVO3z even at ambient pressure. Notably, the structure transition was accompanied by 6-8 % colossal volume
collapses, which is the largest value among oxide materials. Filling control is an effective way to develop a negative thermal
expansion material based on giant-tetragonal perovskites.

Thirdly, new lead-free tetragonal perovskites, BiosNaosVOs and BiosKosVOs, were designed based on the idea of
competing optimized stereo-chemical effect on the A-site cation and a Jahn-Teller effect on the B-site cation. The tetragonal
perovskites BiosNaosVOs and BiosKosV O3z were successfully synthesized using high pressure condition. The magnitudes of
c/a ratio and Ps were comparable to those of PbTiOs. Magnetic and electric properties indicated a Jahn-Teller effect as in
PbVQs. These results provide a guideline to design new lead-free ferroelectric and piezoelectric materials.

In conclusion, the findings of this thesis would lead to the development of new functional materials, including

multiferroics, negative thermal expansion materials and lead-free ferroelectrics and piezoelectrics.
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