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Photocatalysts for Their Water-Splitting Properties:
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Abstract

Abstract

The establishment of energy systems is demanded without dependence on fossil fuel and nuclear power in
order to solve energy and environmental problems. As a candidate of the systems, hydrogen production by
photocatalytic water-splitting has received a lot of attention. However, the quantum efficiency of reported
photocatalysts has not reached a practical level. Thus, a clue to achieve a further higher photocatalytic activity
is required.

Sr,Ta,0O7 with NiO, cocatalyst is known as a photocatalyst, which has the high activity for overall water
splitting under ultraviolet (UV) light irradiation. The activity increases about two times by Ba substitution for
Sr in Sr,Ta,07, whereas it decreases to about one-half by Ca substitution. The mechanism of the changes in the
activity has not been revealed. The larger-sized Ba or smaller-sized Ca substitution than Sr would introduce
some distortions in the crystal structure of Sr,Ta,O;, such as changes in the degree of distortions of TaOg
octahedra and/or in the angle of the octahedral tilts. In this dissertation, based on the thought that these
distortions in bulk of the Sr,Ta,O; photocatalyst would change mobility of photoexcited electrons and a
probability of recombination between photoexcited electrons and holes, the author proposed a guideline for
enhancement of the water-splitting activity by control of the distortions. For the purpose of a demonstration of
the guideline, accurate crystal structural analysis of the photocatalysts was performed by synchrotron X-ray
and neutron diffractions. Moreover, high-temperature UV Raman spectroscopy was performed for estimation
of chemical bonds and vibrations of the photocatalysts.

Sr,Ta,O; and Ba- or Ca-substituted Sr,Ta,0; for Sr are complex systems consisting of heavy and light
atoms. X-ray gives precise information on heavy atoms due to the larger number of electrons but not on light
atoms with the smaller number of electrons. Since ceramic materials consist of both heavy and light atoms, the
crystal structures are often difficult to be decided by powder X-ray diffraction. On the other hand, neutron
diffraction data give useful information on O atom because the neutron scattering ability of O atom is
relatively high compared with that of X-ray diffraction. Lattice parameters and structural parameters of heavy
atoms such as Sr, Ba, Ca and Ta were accurately obtained by using high-intensity and high-resolution powder
synchrotron X-ray data. In addition, structural parameters of O atom were accurately obtained by powder
neutron diffraction data.

Strength of chemical bonds in the substances can be estimated by in-situ observation of the Raman spectra
at high temperature. However, the measurable region of temperature is limited under conventional Raman
spectroscopy using visible-region excitation. Weak Raman scattering from substances is difficult to be detected
at high temperature in comparison with an intense continuous background due to thermal emission. In such a
case, continuous-wave UV Raman spectroscopy is more suitable for measurement at high temperature,
because UV excitation shifts the Raman scattering to a shorter wavelength away from the intense thermal
emission. In this dissertation, high-temperature Raman spectra up to 1773 K were successfully observed by

using UV laser to diminish the influence of thermal emission on the background intensity of the spectra.




Abstract

This dissertation is divided into four chapters. The results in each chapter are summarized below.

Chapter 1 presents the principle of the photocatalytic reaction on Sr,Ta,O. The objective and significance
of this dissertation are described.

Chapter 2 presented the results of crystal structural analysis by synchrotron X-ray and neutron diffractions.
Partial Ba- or Ca-substitution for Sr in Sr,Ta,O; increases the distortions in TaOg octahedra and induces dipole
moments in TaOg octahedra and the spontaneous polarization. The electronic field in whole crystal of Sr,Ta,0;
(the spontaneous polarization) and/or the local electric field around Ta ions (the dipole moments) seemingly
enhance the photocatalytic activity of NiO,-supported Sr,Ta,O; due to the suppression effect on the
recombination between photoexcited electrons and holes. However, this fact cannot explain the difference
between an increase in the activity by the Ba substitution and a decrease in the activity by the Ca substitution.
The bond angles of Ta-O-Ta are changed by the distortions in TaOg octahedra as well as the tilts of the
octahedra. The Ba substitution does not change the bond angles of Ta-O-Ta, while the Ca substitution makes
the bond angles to deviate from 180°. The deviation of the bond angles of Ta-O-Ta from 180° prevents overlap
between Ta5d-t,, and O2p orbitals, which compose the lower part of the conduction band. In conclusion, the
photocatalytic performance is effectively enhanced by the elemental substitution introducing the electronic
field in the bulk crystal structure without a large deviation of bond angles of Ta-O-Ta from 180°.

Chapter 3 presents the results of high-temperature UV Raman spectroscopy. Estimation of the strength of
chemical bonds related to respective Raman bands was carried out by the in-situ observation at high
temperatures, which enabled each Raman band to be assigned to vibrations of internal or external bonds of
TaOg¢/NbOg¢ octahedra. For Sr)Nb,O-, one of the related compounds of Sr,Ta,07, the strength of the internal
Nb-O bonds was as weak as the external bonds. The weak Nb-O chemical bonds induce the large distortions of
the NbOg octahedra and the static displacements of Nb ions from the gravity center of six O ions in the NbOg
octahedra, which is as crucial as the static NbOg octahedral tiltings to decide a deviation of the Nb-O-Nb bond
angles from 180°. The deviation leads to a decrease in electron migration and would decrease the
photocatalytic performance. On the other hand, for unsubstituted and Ba-substituted Sr,Ta,O; for Sr, the
strength of the internal Ta-O bonds in TaOg octahedra was estimated to be stronger than that of the external
bonds. Due to the strong Ta-O chemical bonds, the dipole moments in the TaO4 octahedra and the spontaneous
polarization in the whole crystal lattice can be induced by the Ba substitution without a large deviation of the
Ta-O-Ta bond angles from 180°, which enhances the photocatalytic performance.

In chapter 4, the results of this study were summarized and the ways to enhance the photocatalytic
performance were discussed on the basis of both results in chapters 2 and 3.

As stated above, this dissertation experimentally demonstrated a guideline that enhances the photocatalytic
water-splitting performance by inducing distortions in the bulk crystal structure of the photocatalyst by the
elemental substitution. One of the important keys is suppression of recombination between photoexcited
electrons and holes by introduction of electric fields into the crystal, without reduction of the electron
migration by controlling a degree of overlap between electron orbitals composing the lower part of the
conduction band. This guideline can be applied to visible-light responsive photocatalysts and is expected to

contribute greatly to this field.
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T BOs \EEDEERN 8 25 DIZxf LT, T EITIX 2 DOE1JE 0 12 BOg /\H AR Al
MEOND, Elo, MATIE, BOs NEEDEFRDEEL S, Fig. 2.1 ODRHITHR
SNDEIRADTF AL DEVENOBNEMDR B D, 1HIZIE, SrTa07 125 LT
Ishizawa (O [1]23#4 U712 Z2fIBE Cmem, Z = 4 (Z IZBAEFHICE a5
AB,0; BT D$) THD L H L. Yamamoto K 5 [2]703V8RkE L 7= 2R P2y/m. Z = 4
ThoH LD 2MEEDETNNNEZ ObND, LI OWTIE, EFEEE TIIHRE S
LTV, TBRUZIZZERBE Cme2y. Z=4 O 1 FEEOET VNS 5, MEIZIE, BOs
INERDEERRS 4 77 F A OBUNERLOATFTIZ L - T LA, IL A, LR LT
LB O 4 FEENH 5 GEMIL Appendix A2 22 M), I B LayTi,04[3] THAE S
T 5 ZEMIRE P2, (Z=4) 1L BT CapNb,yO;[4] TS X4 Cu 5 ZERIEE Pra2, (Z=18) .
115 B % SroNbO7[5] T S 40T L ZEMEE Pna2, (Z=18) . £ 72, 1L 23 Nd, Ti,04[6]

THEINTWALZEREE P2, (Z=8) ODESETILTHDH,

|
BO. J\[HI{A o, (Cmcem, Z = 4)

DEIL VAU = o, (P2,/m,Z = 4)

ol (Cmc2y,Z=4)

(P2,,Z = 4)

(Pna_,, Z=28)
| , (Pna2,, Z = 8)
. HL1 (P2, Z =28)

Fig. 2.1 AB,O;BIRARO TR A A MEED I3 DD, Z (FBEMEEFRICEFEFND
LK ABO; B DEERT o
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2.1.3 WESE X S EIT D B
AFESC TS Y XRREIHTIC L 0 | R A SR 217 5 o BUH S XHRREIHT D RF %

ERR=E

(@)

(i)

(iii)

(iv)

™)

(vi)

(vii)

(viii)

FICBIT A XHRRET & g L CTLL TSR],

BEHITERX R THDLDOT, T/ 7 A =22V THEH—-DOFEEDX
FRETY L CHRXBMETHIEZITO Z E08HKD, ZORER, FERE
ROMKRXBRET —FICBNTROND Ky & Kp E—2IZL D7 rT7 7
ANDHHENRL, TVEOEWT =X EZINETLHZ LN TE D,

FREE EATE NS WO THE SRR BT 52 LN TX 5,
FREE N B OO TRREGRH 2 B, BIEREEZELS T2 LR TX S,

TATENE WO T, 0 ZEE L TEEOBEZET 20 2 AXy 952 LT
FOVTF—=2ZNETHILENTED, BECELER EOREHFREREEE
0)an+75)4§~5](§)%)

ELEENE VDT, E—LDOREIEZ/NELLET A, « =T
FRWUNEIROBIENES Th b, F7-. MELEENES N & 240
T EERSCEER CREHFBRRIE COMENES TH D,
RENLOERNXBE TELETEOLTIIICEELEBIRTX 5,
BEEOXBEAWSZ EICLD., BT EHEE d O/NS 72K Z2HIE L.

XBEORINAZHO T Z LN TE D, THIULEFEERMIT 2 O S8 E T
(CBWTHLR E 72 D,

HO SV ZFED#RYIRL TH D Z & 2 E0 L THE v a b o RS AR E
BITHO ZENTE D,

Z O & D T XRREIT IIRE T 7o i S AT 217 5 £ T 3ER I ek a fr
STND, LLABRE, BEOEEITWAXBETH LU, JRFES O/ S WVEEET

13



F2E BEOEXERETR L OHEFEYTO U — UL MEIC X DS AT
(25 U CRREE DMV &0 9 RRIEH S R 722 0, RFR ST TR O A RITER 7 & 8

T DEEZRTH DD, B XBRET7ET TIE, + BB ST 21795 2
EITEEL VY,

2.1.4 PHEFERIFTrORE

Fig. 22 12T X012, X#EF TRIEFESDREWEFIZRDIZ LR > TH
ELIREEDS & < 72 D 05 T EHT CIREELIRE IR FE 5 DIRF K & 720, L7zn
ST, BTy 7 AD L) REFRF LEFEF P EFT 5 RSBV TI, XBREFTZT
TR HFHEFET, & ZIZIENMR X7~ CHELS 0FH U CTEERET 217 5O WEN &
Do

Fig. 2.2 X#&E#r. HEFEF. NMR, SIYUEELICEITSE
FBF FeB&LUVZr) EBEF HELUVO) DEE
D HLE,

14
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215 E_ERHEREE (SHG)

B (SH) RO R VRIS A B CRERIC A U BT, ASED
WEDO1/2DEEDHTHD, LizBos T, HRaOMHALOFELTIRLEEICE
ET 5, XBEHT TIEXROSHHREDOTZDICT U —FN%t, Thebbhkl Lhk
DiEREER T ORE S THD|IFhED EFh k DICENET BT, LavL, BERD
EFERICBNTUIZDOT7 ) =T A& AT 5 2 L IFEE LW, LIz > TRG@HXLT

I, SHEEZ WS Z & T, btz R oG o245 2 &I LT,

2.2 FEBA®
221 BHEDERK

Sr,Ta,07, BalO, Bal5 36 X U8 Ca60 Oy ARFEHL, & TRMBLENE 2 HIE L 7508
CARRICBEREARIBIC L VAR L b O A L, $EREAECAR L2 EHIE
FERGIE THBL LT b DITHA RBRCDNE)— TR D - 7o IR+ T d 5 [8],
L7228 o T BIRE AP KRL T O EZ 2 12 < | MROEHTHIEICHEFITH 2
EWVIORIE LD D,

222 FZ@|AK (SH) RIE

SH JIZE X, Kurtz X & Perry KO RIEINZ L » THIE L7z, KimX THWZ SH
BIE DIEFR % Fig. 2.3 1279, HIRAEHI 2 M DBZBH2 AT A KT T ATEITEREAR
AT, SH 7 FMd7 = b5 RSV AL —F—E— A Z RN Y T TRAEX
®7z, T—FKevyZ Ti: 75747 L—%— (wave length ~800 nm, repetition rate ~82
MHz, pulse width ~80 fs, Tsunami, Spectra-Physics, Newport Corporation, USA) 757225
FIRIEZ CW YAG L —H— (wave length 532 nm, Millennia, Spectra-Physics, Newport
Corporation, USA) (Z X - T L7z, SH OFRE X AFHOTRE D 2 | Hefild 2 7=
D, L= HE L ARETENT DL, BISND SHIREITIRE D, Lz

NoT, BE—ATaHEL X (L =100 mm) CTEEREICEZRR 0.1 mm O AR >

15



F2E  HEOEXERETRS LOHHEFETO U — F UL MEIZ K D b s S AT

M ETK T2, AFPDEEABR (~800 nm) OEEDLZETe SH ¥ 7 /vid, KD
AR EORNCE M- AEL X (L2, =100 mm) 12X > CTUEL7Z, AFSEE
AR (~800nm) DA SH v 7 F /b (~400nm) M HERL oIz, BH T AT (v
4 (transmission from near-infrared to blue light, V-44, Toshiba glass Co. Ltd., Japan) % f#
AL7, SHYZFidHh7 7 A /3—7 12— (Hamamatsu Photonics K. K., Japan) |Z
Lo TEN L., 5)tes (Imaging Spectrograph 250is, Chromex Inc., USA) T433% L. CCD
fres (M6296-01, Hamamatsu Photonics K. K., Japan) (Z 1 VU #aH U7z, FEERFR] 30s

(Sr,Ta,07, Bal0 3L Bals) & L<iE2s (Ca60) T, ZH LR 2 [ SH il
EEATH TR, vy v X —&MBHIRRET, 30s (SryTa07, Bal0 B3 XU Bals) &L

<IX2s (Cab0) T, ZNENHERE2 BNy 7 7T vy FAIEZEIT ST,

Fig. 2.3 SHAIEDEFER,

2.2.3 S X R EH

U XRREIHT C O 2 30BH T, 38 F 0 EBRE R OBy K X #RETEEE (RINT2200TS,
Rigaku Corporation, Japan) Z W T20 Z[EE L, 0dz A%y o320 v F 2 70—
TERPE L, RGNS EEHR LT, £o, 77 vy Z7EFroE—7 O
EREAREL R FTETCWRNI EBRITFHMNT ERN & LRER LT, Ut

16



2 E FEDEXEREYTS LOHETFETO U — L MEIC & D RS AT
XAREFTANE L, &L X — R e (KR, > < IXT) @ Photon Factory
0 BL-4B, (SRR E ST D s o iR O 8B R X AR E 1T o 72, BIESRMH
Z Table 2.1 (I~ ZOEIT 6 KOMHERZIHA TR, T L ZRFFHIERT
HZ L CHIERMZN L/ SITEMET 2 LN TE 5, @HOERERRXMREHTE
BETIE 020 A% %> GHREIRE) ICL 0 EF Y — 255038, Z0EETIEX
POANFAZ 0=a=T7"CEEL. 6 KOMEZEZ AT 0-20 2% v > GEAFREITT
) XV EHT AR — 255, SRR Z AW KGHEC IV RET 5 Z &N TE
HDOT HI7AFXET U =2 HWFZBRIEIAT Ay 7 75 T RORWEITT
— R ERHIENTE DL, BFE., RIEEICL2HE TIE, #E®EIC L 2HEICH~ST
TIRELA SRR T OB EZZITROTWVWE WIS REND LN, TOEBETIEIHIZ
SARGREL 2 PR S 72N GRIET DH 2 ENTE, ZIUT X0 BIREL W & KR O

BEMADHILNTE D, SHICEAFSEOREREHIE L T, s§FERIEIC X

il

DEREIZ AR LIZOT, FRITHI > TS EEZ BN, AR TFOOLEIZD 20,
6 AOfEHERE AW IEFREITEIC L » THIE LT7-T —# 1%, BAaKfEk o~
1277 . DATAPRO # W45 Z L T, AR E—LOMELZZEB L THEES 2TV, #8

BOMET— 5 ' 20)2y(20) = 3[1+ | - y" (20)I17 & 0 RFFEHFHEOH A &

sin(260—a)

LORIPFRET — H yQONIEH L T-[10],

Table 2.1  HR&H X #REIHTHIE D &4

A Sr,Ta,0; Bal0 Bal5 Ca60
E/O01X—% Si(111) 2 #ERn s
X R & 1.197487(4) A
EE 20 &FH 7° ~155°
EER Y FREFREMEA. 30 rpm TKFICEER S A5 BIE
BIERE =R
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2.2.4 PiEFEHT

HPE BT, GO XBRETENE CER LB E R C b D2 W T T 72, H
PrEBRIL. BARFEF OB FER MR (KR, iER) @ JRR-3M @ BL-T1-3 I[CRE
ST B ZEEE ;K M1 [EIPT2 & HERMES CfT 5 72, HERMES 28 514D JF 1
BNLNT A —Z EREHAL T E DIE EDHERITR 220 Wbt T 553 X#REHT
THEUELIREE DR ST DL F FEAR & FEH MR F BN T A =2 2RO L DITHH

Th b, HESME% Table 2.2 1277,

Table 2.2 H4-FEIHTBIE D EH

ELg 8 Sr,Ta,0; Bal0 Bal5s Ca60
E/0OA—4 Ge(331) 58 EBEANY K
E//O0*A—4f 90°
/0447 10 cm
4 FEE—LIE 2 cm
PitEFRE 1.8265(1) A 1.8204(5) A
FEE 20 HEH 7° ~157° 3° ~157° 30 ~154°
HMEEHE
VeI DEE 0.5cm 0.5cm 0.495 cm 0.6075 cm
BI7E R E =R
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2.2.5 J— FR)L MERIC K S EEmEERTT

U— hUb MENTIX, REBER L2 Y — hL MigfT 7 1 77 A RIETAN-FP[11]
ZHAWTITo T2,

Fig. 24 (TR TIRNVTHIT 21T o 72, XFRITETLRDORENEV D3 L TEITH
OREFEIIR, F7o, FHEFITHELRRAEFHICKRES T, BILRORE b i &
W, TNHEFBEL T, AT, BEDEXBRETO Y — kb Mg & FE7-[E
POV — L METERAICB I/ 9 Z 82Xk o T, LY EMREEEZRD D LD
BT, BHEXAEEFO U — F UL MEFTICIBWTIZ, EXHETHD Sr. Ba, Ca
BELO Ta OERT A -2 BT DL 2B E L, FUHEFERIFOY — F~UL
MEMTIZBWTITR LR THD O OEENRT A —F BT L2 L2 BMLE LT
T 24T -7z, Bals KLU CalZ St ¥ MIEAT 2 LHEL. Bak LU Ca DJFEF
JERERS L ORFEM AT A—2 (RERT) 1% St LELWERE LT, Ba BLD
Ca O EHRIT, BRREOEALMBEDIRIATND EARE L, St A MIZEELR 4
U7 WS TR 21T - 7,

ERDY—k~)LE

EH: BERFETHAODRFEZ -FHMEREFENM
NSA—RIFFILEYDXFIETEE.

Bl): BEOSMEFTEHEESSHALD
Badp AW ICah BEEFS,

-

QHEFEHF D —EN)LE
BFEH. BabdWNECah BEZZDORBRMBEROIE

TEE.
BRXETHAODRFEEZ -ZEHMEREFEL
INSA—ADBEEFIL.

P
QI AXEEEIIF DY) — LR T

BRHETHAIODRFEZR -FARRFENM
NFGA—BEQDBMIERDETEE.

BRREBIE/N\TA—EDRE.

Fig. 2.4 1)— kXL MEF DTN,
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2251 HBHEXEXBEHFEOY)— FRIL HMEH

R HELR T IC B % RIET LB OBLIREEI, ST, Ba™', Ta’, 0" L CHEfT
AT o Tz, AFRHFL A FFIZ RV ZERMBEC R T 2WE O XRETT — % Tk, Xfn#k
BEDT=DIZ 7 V—F Nt THDH h k1 &h k IOFEBEERTFORE S |Flhy)| 107%
DEL D, BRFE2EOWE CITRFICHMBEOENKRELS D, V— UL Mg 7' o
277 2 RIETAN-FP TlX, ZD X5 RZEMEBEOSHE. 7 U —7 /L3t O aiEE R 1
Fh)Z B 2 \CHBE LZEE mp % 2 THo THETHZ & T |Flhy)| DREEZED D
FEEZAVDZ ENHED, 1o T. TO7 ) —F x5t &4/ L C|Fhy)| OWE %
=5 FiEL . HHRFLDERTZ R WEMEBEE T2 T 5BRICIIER Lz, £ LTK
L7 5 XM HEHIE AT 5 72901, BURAXBOFERE R TH S 1.197487 Alck
FHETERORFEILA T ORE S BBEOEKE fLES FEFHEL TRV,
Sasaki FOR[12)IC#H > TV L BRESEHIEOMHEE ZHEXT 4 v T 4 7 LT,
XBOEHEE TH D 1.197487 AlZH T HE 7T O FHELE F O RF S BIED E
BER £ & S A FE LT AR A Table 2.3 12”7,

Table 2.3 X#DKE A= 1.197487 AIZBIFBEF)
DX BHEERFORESHE £6 & U £ OfE,

J i v

Sr -0.881 1.162
Ba -0.383 5.593
Ca 0.348 0.818
Ta -9.195 9.487
O 0.029 0.019
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2252  HEFEHFEO ) — FR)L FEHT

TR O U — kUL MK IR, IR X RETO U — kL M TR
AT EBEFER L, £/, & Sr A PO Bad L Ca HHEFICE L THHR
XAREIPT CHRIE LB A L CHT 21T - 72,

23 HRLEE
2.3.1 EZF\HKE (SH) AlEDHFER

SH HIE DOFE R % Fig. 2.5 1ZR T, £ 800 nm DI FD L —HP — 23 EHI AK S8 72
726, 400 nm {312 SH ¥ 7 F VDBl S viuiE, £ OFEHIF Lo PRZ2 /72720
BThHoLYIMT 52 LNTED, EBEMO SrTa,071% SH ¥ 7 F /L2 £ LT
72, FLXHREROME THLZ LD bhoTo, £o, ZNLAD Sr %2 Ba b H W\
I% Ca |[ZEH#L L 7= Bal0, Bal5 38X WNCab0 1L SH ¥ 7T &4 T TRY, FLitHae
Bl WWWEThDHZ Enbhrolz,

100
I(D
g Ca 60
5 %
3 60f Ba 15
\ L -
2 a0pnt 4 Ba10
(7))
C | ]
()
E 20 %W Sr2T8207
0 " 1 "
350 400 450

Wavelength / nm

Fig. 2.5 800 nm O L—4—MBE T o1z SHBIEDHKER, Cac0 [ZEH L TILFEIR
EETRERFETY. AAFHEDNV I TI5U0 FiaEZELSIL
TERERLTWLS,
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2.3.2 B RBOHER : MEETILORE

5O N BEOEXBRET S 2 — 88 L O F RIS % — 2 2 £ Fig. 2.6 3
K WVFig. 2.7 12T, A,BO; B~ 7 A A4 MEEIZIL, 2.1.2 TH TR/ 6 fE%H
DETIVPFET D, 2.3.1 THO SHG OfER LV | SroTa,0; DHEETE 7 /L DA%
KHRFLOHD LS LA LBIKS Z E N TE 5, —F ., Bal0,Bal5 3 XU Ca60
OIEEE T VOEFEMIE, TR, 1L A, LA, TLAB L0 L B S 2o 7z, kgt

XMREPNZ — B L OHEFET Y — U BB E LR, SnTa0; X4 #
P2i/m, Z=4 (L") | LIS @ Bal0, Bal5 3 X O Ca60 | ZEERE P2y, Z=4 (111, &)
D A,BO0; IR~ 7 2T A MEEZFTLHZ L broTe, Bals IZEL TR, &
<HRED(SrxBay)sTasO1s N £V T, HHEET VO IAAIZE 5 LTz 2 0 #iFH
DO [aFff /% — > % Fig. 2.8~Fig. 2.15 I~ 7,

Bal0, Bal5 35 LU Ca60 D U — UL MEHTIZEB T 2 IiEEET L & LTE, 22
f#E P2y, Z=4 (III; A1) @ CayNb,0;[13]% Unique axis b (a =y =90° #90°) & L7=
tHL xRV (Fig 2.16 2RR), £72. SnTa)O7 1T ZEMEE P21/m, Z=4 (L) THD
ZEWNDRoTZR BV A N ORFEIRERRFEN T A —2 OFERBHE ST
RN, RESUTIE, BN P2) ThDH CaNbO4[13]DFEiEEZ B EIZ LT, P2
(Z8EE (m) 2MBINE 7= ZE[MEE P2i/m (Unique axis b, a = y = 90°, f#90°) @ LD

WG T V2 ERL L T (Fig. 2.16 Z8) U — hUL M 24T > 72,
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Ca60
=
g
. Bal5
o) I
S
~
iy uL Bal0
4 \_;_JJ_.ML U_.A__L_rkwwwm
-
£
— LKL SrzTazO7
20 40 60
26/°

Intensity / (arb. unit)
|8
&
=

SrzTazO7

60 &0 100 120 140
20/°

Fig. 2.6 Sr,Ta,0;. Ba10. Ba15 £ & U Ca60 DS H#HEK X #REIHF/ 72—,
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Intensity / (arb. unit)

il e
s e = AT

20 40 60 &0 100 120 140
20/°

Fig. 2.7  Sr,Ta,0;. Ba10, Ba15 & U\ Ca60 DRI EFEIF/NF2—2,
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600
_ (\Il W T T '(\ll =
400 e e -
YIS N 00| o | ]
(=} - o o
< Sa |~ 2 ©
&z 350 T ‘ 4 < 400 o |
=t =) o
1 ERE
2 300 1 300 Al
z s o
3 L a
= RS =
= 200 S
250 ] _ S
. b e 01 I |
1 L L L 100 1 1 L
17.5 18.0 18.5 19.0 29.0 29.5 30.0
20/° 20/°
350 i o
O —
; o
300 F i ‘l
3 = |
= 7 -
3 250 ol | N i
z =ty b
- AN
o) 200 -
=
150 i
o |

325 330 335 340 345 350
20/°

Fig. 2.8  Sr,Ta,0; DMK X B/ F2—2 D56, BEETILORY AHIZEF
B Lz 20&BEOEI/AZ—2, BH/NF—21E, ZREE P2/m, Z=4 (1, &)
THERBMT LTS, EMIEZEEE P2/m, Z=4 (L) IHBITETT v I R4
DEIBETRY . KX, ZMEEE Cmem, Z=4 (L E) THEHEIFAEI 5HLVR
SHDMEZTRT,
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FOR O XR BT X OFHEFEIT D U — F UL MEIZ K 5 db i g

H
I

4500 F 'm ' ' ] 1600 ——————
[\~ ]
4000 - I
3500 N
£ = @ -
2 3000 S 1400 &
2 3 @
2 2500 s g
2 ' ‘g —
5 2000 ~ 2 o 3
k= E -
1500 ‘ _ 1200
1000 1 ¢ L e bt ' !
445 450 455  46.0 734 736  73.8 740 742
20/° 26/°

Fig. 2.9 SrTa,0; D#MERPEFEF/NNFI—2DS56, BEETILORYRAAIZEFEL
= 20 SEEAMEIFT/2 —>2, BIF/NNE—21E, ZRE P24/m, Z=4 (1, B) T
BT LTS, EMIEZERBEE P2/m, Z=4 (LE)ZHITE TS5 v I REDH
BETY. EEOKMIEL, Z/BE Cmem, Z=4 (L E) TIXEFEHIEI 4
WRE DB ETRT

T ~ T T
900 F i
O
Q
(e}
) o 300 F o .
~ — «4(2 (e}
=) — =} in No)
: =5z -
é % =
= = 200 .
300 F
| I Il |
20.0 328 330 332 334 336

20/°

Fig. 2.10 Ba10 OMEH# K X B/ —> D56, BEETILORY AH#IZHFS
LTz 20 S8 DEIH/NF—2, BF/\F—2(%, ZREE P2, Z=4 (I, B)TH
BFFLTWA, EME N BEIZEFETSVvIRFDOEHUEETT ., TREDK
XN BTIEHEANTERVWE—Y ERT, FIRAZEDKREIL. N1 EH 1,
BTULAIRBEATERVWE—VMEETT . REREIE. . Nz HBWLE I,
BNZEIZBNSIE—VRMBETH SN, Bllshishot-,
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|
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a
L
S 800F .
I I N | I | Il
’700 1 " 1 . 1 . 1 " 1

20/°
Fig. 211 Bal10 OMEKRBEFEF/AF—2 D55, BEETILORKYRAAHIZHFE LT
20 SR DEIT/NE —2, B/ N2 —2lk, ZMEE P2, Z=4 (Il B)THEH
fFFLTLS, EMENBEICEFTEITI VI RFOMEEZTRY ., EEDX
BN, Z=RE Cmc2,,Z=4 (I &) TIEHERI I SHBLVRIIDEBERT
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Fig. 2.12 Ba15 DM AMER X BRERNNZ—2D 56, BEETILORY AHICEHE
Lz 20 &BEDER/NNZ—>, B/ N2 —21E, ZREE P2, Z=4 (11 B)T
BHTFLTWWS, EBOEWVERIZNLEIZETEITS Vv I RTDEEZE
7.|_TL/\ -FEQ'@%EL\ﬁﬂﬂli(Sr1_xBax)5Ta4O15 (D:I:.DFEﬁg¥ P—3m1) 0)73 W) 7&%‘1
DEBEETRT . EEOKHIE N BETERENTELRWVE—Y ERT, Ziah
ZEOXRHIE. N ENILETULAFHATELRVE—VMREFTT ., RRK
EE. b Nz AN NLBEDSEICENSE—SMABZTRT A, 88
*Lﬁb\’.)f:&%ifl:\%)o %O);EEEH:\ *0)9‘JTI':)VC*‘ﬁTT(Sr1_XBaX)5Ta4O15

(=[R2 P-3m1) DE—YHREBEEL>TWSERODNENLTH S,
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20/°

Fig. 2.13 Ba15 OMFRBPHEFEF/IZ—2 D55, BEETILOKRYAHIZHFS LI
20 OB/ —2, BH/SE—2IE, ZME P2, Z=4 (L B)TEHR
FFLTWS, LEOEWNVERIZ N BEICETHTS v I REDUEZEZTRL.,
-FErXba)%_ELL\E'Hﬂ'lj:(sr1.xBax)5Ta4O15 (EFEﬁ£¥ P-3m1) 0)73 2 7&%?0)11'[@
ETY . EROKMNIE, TR Cme2,Z2=4 (1 7)) TIXEHRNREI S0
EZE%ZTT_;-Q *0):/:/#-:)[/“:, (Sr1_xBax)5Ta4015 (D:I:.DFEﬁg¥ P—3m1) @E_711‘-L
BFTY,
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Fig. 2.14 Cab0 OMHALMEK X REHF/F—2 D556, BEETILOKYRAAIZE
B Ltz 20 &EEDEFR/NZ—2, /2 —20%, ZRE P2, Z=4 (11 &)
THREFFLTWS, ERE N BIZE T2 TS5y I RFOUEZTT ., &
BOXHE N BTEHREANTELWVWE—Y ZEZRT, CZTIRIBELESH
HIE TEGEAD o1z, Fig. 2.15 DFEFERIIFTOFEREMN S | B TIEAZEWEH
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I
Mol

L (P2y/m, Z =4) TaOy \NEARDERIAL GIrdLEB D)

m, A% (pP2,) Ca,Nb,O,
M [Ish|zaw% et al. (1980)] DfhEatd
Jllﬂ 'i.J’/ }/(( N I"”J” (n?) })\\l“U[l‘\
TesTEE— = s mrm NJEP2/m (a=y =909 8 #
90°) MHHASE o )L A Rk

BalO, Bals, Ca60

TaO \EHAD (R L)

LAY (p2.) 0 CaNb,O,
[Ish|7awa et al. (1 990)] =y =

0°, B # 90°(C A L /o 60D % 1))
‘,1,[|'H¥Qa,if'r E)LE U

Fig. 216 ') — bAJL MEIC K SIERBERITTRE LI-AHBEET L.
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233 U— kR FEICKYBON-FEREE

SHG DR 7e & QNSRS XMREIHT R L OV MR O/ % — o 2 FEE LTz
FER LV | SraTa 07 IXZEMRE P2i/m, Z=4 (LAY . Z4LLISLD Bal0, Bal5 3 L O Ca60
RZERIRE P2, Z =4 (UL ) D B0, BEIR~ 724 MEEEZHT LT &nD
Mo lz, B XBRET KO MEFET &2 Fviz Y — b L MENTORE R4 Table
2 1 2F DD, Fz, BEGHEXBRETE L OFEFESTZ W2 U — hoUL Mg
IZ &> TREMICE LN - REE L Fig. 2.17 IR 5, SrTa0 1% TaOg /\HEA
PMENEE LTV RS, Cab0 1 ¢ ElE 0 B8 LUV b-c TN (a BE V) T TaOg J\ A
RELEEREL TWOERT AR TEALD, F£72, Bal0 & Bals b TaOs \NEEA DT H
IZFEER L TV D K 9 IZR 2 5, Fig 218 I[ZHEEREE N D EBBICHE L7 c#/E v B X
U b-cEHAN (@HEY) O TaOs NEEDEIELRS Z 7T, Bal0 3 LU Bal5 Tl TaOg
AT c ElE Y B L b-c T (@ 81E D) (28T 1 ~2°FREE#E L, Ca60 Tl
TaO \FAIL c H/E VW B L D b-c TN (@ EE V) 12BN T 6~ RE L RE < [EiR
LCWe, F72, Fig. 219~ 724 MNEDOWH| St ¥4 ~ I L USMA| St A &
(2B BaB L Ca D EFERERT, Balo B8L U Bals IZBWT, Bald~tm7 2
A MEDOHME St A S0 BIMEI St A PO EFERIE N, BaldSr XV b A A
VHERNKREWTZOH, BalXZ DL D ICEH O T 2 A A RNEOSMA St YA b
EERICERET207ELEZBbND, —F Cab0 Tld, R~ 7 X4 MEDIMAlE
KOSt YA hD Ca HERFIIFIFHFELOZ ERDMD, T, Cald Srictb~
AT A XN, ZEEPIRLS ROAME St A MO BRSICEFETLHZ &
MNTEDLLEOTHDLEEZOND, AP A XD/ CaldEHY A FEED I
HEF, Xa T A HA MEORMIE LOIMAI St A FOmGIZH—IZER LT
ZENbhrol,

32



2B BUHEXEREYTRS L OHEFEITO U — h UL MEIZ K DGR

Table 2.4 RS X#REHTIC K Y EREMIZHEONTZ) — bRIL FMEFORER, OY A4 LD
BENSA—48 (BFEEELUVREFELM/NTA—4) (X, dtEFEFDY—
NIV ERTRELETEE Lz, £D=H 0 MIEL T, BiEFmE
FDO)—ER)VEHTRELZELEBEREEZ TS,

ANz Sr,Ta,0; Bal0
LiE[22- 1 (HAH) 1 (HiAH)
la===v Sr,Ta,07 (Sro9Bag.1):Ta,0;
L& 649.1315 659.073

fiti R HALE HALE
=i P2y/m (unique axis b) P2, (unique axis b)
K1 EH

alA 13.74510(8) 13.7543(3)

b/A 5.69215(3) 5.71271(4)

c/A 7.89778(5) 7.9187(3)

al® 90 90

Bl° 98.2419(12) 98.274(9)

y/ 90 90
BT T- (518, v/ A 611.535(6) 615.73(3)
BN T b F AL O3, Z 4 4
(ZR-as 1 1
EHEERT

Rup! % 6.325 5.87

S (=R /R 1.1226 1.0259

Ry / % 2.528 2.826

Rl % 1218 1.287
Wi/ T A — X

Srl
A NEZEE + wycoff letter 2e 2a
A M EHE, SOF 1.0 Sr 0.958(2) Sr/ 0.042(2) Ba '

3 ERIERE, X, p, 2
LR TEM AT A=K, U/ A?
Sr2
A NEZEE + wycoff letter
A EHE, SOF
T ERIEIE, X, p, 2

FHWRFEM AT A =2, U/ A

0.1032(5), 0.25, 0.2766(12)

0.0058(3)

2e

1.0 Sr

0.1032(5), 0.25, 0.2766(12)

0.0110(4) T

33

0.1058(4), 0.2613(14), 0.276(2)

0.0067(3)

2a
0.842(2) Sr/ 0.158(2) Ba '
0.41195(19), 0.7595(16), 0.3551(19)

0.0128(4)



FH2E ESEXERETTE LOHEFETO U — UL MEIC & Db S AT

Sr3
A NEZEE + wycoff letter
A b EHZE, SOF

YRR, x, p, 2

EHMWRFEMNRT A—2 U/ A

Sr4
A NEZEE + wycoff letter
YA b EAHR, SOF

ST ERIERE, X, v, Z

EHMWRFEM AT A—2 U/ A

Tal
A NEZEE + wycoff letter
A A, SOF

Sy RIENR, x, p, 2

HEHWRFENM T A =5, U/ A

Ta2
A NEEE + wycoff letter
A A, SOF

Sy RIENR, x, 9, 2

HEHWRFENM T A—F, U/ A

Ta3
A NEEE + wycoff letter
A MEHR, SOF

SrERIENE, X, v, 2

HEHWRFENNRT A—F U/ A

Ta4

P A NLEE + wycoff letter

YA ~EAR, SOF

Ty ERIEAE X, y, z

HEHWRFENNRT A—F U/ A
Ol

P A NLEE + wycoff letter

YA ~EAR, SOF

SrERIEIE X, v, 2

SHMWRFEN T A—2, UIA
02

YA NZHE + wycoff letter

Y1 b EAR, SOF

2e
1.0 Sr
0.1091(5), 0.25, 0.7755(12)

= U(Srl)

2e
1.0 Sr
0.4194(5), 0.75, 0.8533(10)

= U(Sr2)

2e
1.0 Ta
0.1107(3), 0.75, 0.0302(6)

0.00178(18)

2e

1.0 Ta

0.00302(19)

2e
1.0 Ta
0.3191(2), 0.25, 0.0785(6)

= U(Tal)

2e
1.0 Ta
0.3210(2), 0.25, 0.5755(6)

= U(Ta2)

2a
1.00
0,0,0

0.0119(6)

4f
1.00

34

2a
0.958(2) Sr/ 0.042(2) Ba 't
0.1055(4), 0.247(2), 0.780(2)

= U(Srl)

2a
0.842(2) Sr/ 0.158(2) Ba '
0.42876(19), 0.7500(19), 0.855(2)

= U(Sr2)

2a
1.0 Ta
0.11072(19), 0.75, 0.0277(13)

0.00179(14)

2a
1.0 Ta
0.3202(2), 0.2548(13), 0.0791(16)

0.00445(16)

2a
1.0 Ta
0.11017(19), 0.7444(11), 0.5290(13)

= U(Tal)

2a
1.0 Ta
0.3197(2), 0.2493(12), 0.5788(16)

= U(Ta2)

2a
1.00
0.002(3), 0.001(7), 0.996(9)

0.0090(4)

2a

1.00
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SRR, X, v, z

EHWRFENM AT A =2, UI A
03

P A NELEE + wycoff letter

A b EHEE, SOF

Gy ERIERE, X, p, z

EHWRTFENM AT A =2, UIA
04

P A NELEE + wycoff letter

A A, SOF

Gy ERIERE, X, p, z

EHWRFENM AT A =2, UI A
05

P A NELEE + wycoff letter

YA M AR, SOF

SRR, X, y, z

EHWRTENM AT A—F UIX
06

P A NELEE + wycoff letter

YA M AR, SOF

Sy ERIERE X, v, Z

HHWRTENM AT A—F UIX
07

P A NLEE + wycoff letter

A MEHR, SOF

Ty ERIEAE X, y, z

SR T AT A =5, U/ A
08

P A NLEE + wycoff letter

P4 MEHR, SOF

T ERIEAE X, y, z

SR T AT A =5, U/ A
09

A NZEE + wycoff letter

A4 ~EHR, SOF

SrERIEIE X, v, 2

SHMRFEN T A—=2, U/ A

0.2002(10), 0.5055(19), 0.035(2)

= U(0l)

af
1.00
0.4122(11), 0.499(2), 0.102(3)

= U(0l)

2b
1.00
0,0,0.5

= U(0l)

af
1.00
0.1971(10), 0.479(2), 0.545(4)

= U(0l)

af
1.00
0.4144(11), 0.477(2), 0.602(3)

= U(0l)

2e
1.00
0.0968(17), 0.75, 0.285(4)

= y(o1)

2e
1.00
0.3017(16), 0.25, 0.317(5)

= y(o1)

2e
1.00
0.0904(16), 0.75, 0.771(7)

= U(o1)

35

0.0949(16), 0.733(8), 0.27(2)

= U(01)

2a
1.00
0.2911(11), 0.232(8), 0.321(13)

= U(01)

2a
1.00
0.2034(19), 0.999(7), 0.558(13)

= U(01)

2a
1.00
0.413(2), 0.010(7), 0.605(15)

= U(01)

2a
1.00
0.2051(18), 0.985(6), 0.044(14)

= U(01)

2a
1.00
0.4128(19), 0.021(7), 0.099(13)

= U(01)

2a
1.00
0.0943(17), 0.731(7), 0.77(2)

= U(01)

2a
1.00
0.1962(19), 0.486(7), 0.545(12)

= U(01)
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o10

P A NELEE + wycoff letter

A A, SOF

Gy ERIERE, X, p, z

EHWRFENM AT A =2, UIA
Ol11

P A NELEE + wycoff letter

A b EHEE, SOF

Gy ERIERE, X, p, z

EHWRFENM AT A =2, UIA
012

P A NELEE + wycoff letter

YA ~A R, SOF

5y RIERE, x, y, 2

EHWRTENM AT A—F UIA
013

P A NELEE + wycoff letter

YA M AR, SOF

5y RENE, x, y, 2

HHWRTENM AT A—F UIX
Ool14

P A NELEE + wycoff letter

A MEHR, SOF

T ERERE, X, Y, z

HEHWRFENNRT A—F U/ A

0.2997(16), 0.25, 0.831(5)

1.00

= U(0l)

2e

2a
1.00
0.412(2), 0.494(7), 0.602(15)

= U(01)

2a
1.00
0.413(2), 0.489(7), 0.105(15)

=U(01)

2a
1.00
0.006(2), 0.000(8), 0.512(5)

=U(01)

2a
1.00
0.3053(11), 0.235(8), 0.828(14)

=U(01)

2a
1.00
0.1889(16), 0.473(7), 0.050(12)

= U(01)

FRISRTEFERFEMNTA—E U FMEIERFER/ANTA—F U BB LIEEZRLTS,

site Un U, Us; U, U
Srl, Sr3 0.0024(6) 0.0092(3) 0.0059(5) 0 0
Sr2, Srd 0.0074(9) 0.0189(5) 0.0058(6) 0 0
Ta3, Tal 0.0008(2) 0.0034(2) 0.0013(4) 0 0
Tad, Ta2 0.0015(3) 0.0043(2) 0.0030(4) 0 0

T Bal0 0 (SrosBag1):Ta,0, FBDE St 44 +D Sr KU Ba DY A FEFEICIX, UTISTRIHFIFIEHE %R LTz, SOFSH, Sr)=1
- SOF(Srl, Ba), SOF(Sr2, Sr) = 0.8 + SOF(Sr1, Ba), SOF(Sr2, Ba) = 0.2 - SOF(Sr1, Ba), SOF(Sr3, Sr) = 1 - SOF(Sr1, Ba), SOF(Sr3,Ba) =

SOF(Sr1, Ba), SOF(Sr4, Sr) = 0.8 + SOF(Sr1, Ba), SOF(St4, Ba) = 0.2 - SOF(Sr1, Ba)
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2R

Table 24 (D0 %)

FOR O XR BT X OFHEFEIT D U — F UL MEIZ K 5 db i g

PN Bal5 Ca60
ok 2 1 (HAH)
=29 (Sros5Bag.15)2Ta,05 ( St2205Baz795)Tas0y5 * (Stp4Cag):Ta,0;
L& 664.0435 1540.813 592.081
fiti R HALE = AL
=i P2, (unique axis b) P-3m1 (hexagonal lattice) P2, (unique axis b)
M1 EH

alA 13.7589(3) 5.7092(7) 13.55242(13)

b/A 5.72077(6) =a 5.59534(4)

clA 7.92844(18) 11.728(2) 7.77635(9)

al® 90 90 90

Bl° 98.293(6) 90 98.233(2)

y/° 90 120 90
BNTHE T (518, v/ AP 617.53(2) 331.04(8) 583.607(11)
BAAE TR b FHEAL O, Z 4 1 4
[ER=vas 0.9923 0.0077 1
(EHE A T

Rup! % 6.477 5.707

S (=Rwp/Re) 1.1447 1.1267

R/ % 4.046 4.887 2.695

Rl % 2207 2.572 1359
Wi/ T A — X

Srl
P A NZEE + wycoff letter 2a la 2a

YA b AR, SOF

S ERIERE, X, p, 2

HEHMRTEN AT A =4 U/ AR
Sr2

P A NEEE + wycoff letter

YA b AR, SOF

Y ERIERE, X, p, z

EHWERFEMAT A=, U/ A
Sr3

P A N ZEE + wycoff letter

P4 ~EAR, SOF

5YHIERE, x,y. 2

0.931(3) Sr/ 0.069(3) Ba 1"
0.1066(5), 0.2721(17), 0.2689(15)

0.0065(4)

2a
0.769(3) Sr/ 0.231(3) Ba "'
0.4111(3), 0.7725(13), 0.3579(19)

0.0182(6)

2a

0.931(3) Sr/ 0.069(3) Ba "'

0.1048(5), 0.2425(17), 0.781(2)

37

0.441 Sr/0.559 Ba
0,0,0

0.00448 #

2d
= SOF(Srl) *
1/3,2/3,0.786(4)

0.00481 ¥

2d
= SOF(Srl) *

1/3,2/3,0.480(5)

0.378(3) Sr/ 0.622(3) Ca T
0.1039(6), 0.2387(12), 0.273(2)

0.0095(4)

2a
0.422(3) Sr/ 0.578(3) Ca T
0.4289(3), 0.7986(10), 0.354(2)

0.0170(7)

2a
0.378(3) Sr/ 0.622(3) Ca T

0.1088(6), 0.2540(17), 0.775(2)



Pararglte Wi w =3

2R

EHWRFEN AT A=K, U/ A
Sr4

P A NELEE + wycoff letter

A A, SOF

Gy RIERE, x, p, 2
EHWRFEMN AT A—H, U/ A
Tal

P A NELEE + wycoff letter

A b EHEE, SOF

Gy RIERE, x, p, 2

EHWRFEM AT A—H, U/ A
Ta2

P A NELEE + wycoff letter

YA M AR, SOF

5B, x, , 2

EHWRFEMATA—H U/ A
Ta3

P A NELEE + wycoff letter

YA M AR, SOF

S ERIERE X, y, z

EHWRTFEMATA—H U/ A
Ta4

P A NLEE + wycoff letter

A MEHR, SOF

&

SRR, X, y, 2

SR MERTEN AT A—2 U/ A
01

P4 FEZHEE + wycoff letter

FA AR, SOF

&

SRR, x, y, 2

SR RTINS T A—2 U/ A
02

A FEZHEE + wycoff letter

FA A ER, SOF

ST RIENE X, y, z

SR TIEN T A—2, U/ A?
03

P A FLZEE + wycoff letter

= U(Srl) 0.00872 #
2a
0.769(3) Sr/ 0.231(3) Ba 1"
0.4263(3), 0.7628(18), 0.855(2)
= U(Sr2)
2a 2¢
1.0 Ta 1.0 Ta
0.1106(3), 0.75, 0.0273(13) 0,0, 0.698(5)
0.00261(14) 0.00477 #
2a 2d
1.0 Ta 1.0 Ta

0.3202(3), 0.2599(10), 0.0811(12) 1/3,2/3,0.068(4)

FOR O XR BT X OFHEFEIT D U — F UL MEIZ K 5 db i g

= U(Srl)

2a
0.422(3) Sr/ 0.578(3) Ca T
0.4082(3), 0.7668(14), 0.851(2)

= U(Sr2)

2a
1.0 Ta
0.1115(3),3/4,0.0271(8)

0.00286(14)

2a
1.0 Ta

0.3211(3), 0.2688(7), 0.0774(7)

0.0063(2) 0.00442 # 0.0039(17)
2a 2a
1.0 Ta 1.0 Ta
0.1102(3), 0.7583(10), 0.5290(12) 0.1117(3), 0.7447(8), 0.5268(8)
= U(Tal) = U(Tal)
2a 2a
1.0 Ta 1.0 Ta
0.3193(3), 0.2644(9), 0.5820(12) 0.3209(3), 0.2567(6), 0.5758(7)
= U(Ta2) = [(Ta2)
2a 3e 2a
1.00 1.00 100
0.997(3), 0.999(9), 0.999(10) 1/2,0,0% 0.0139(18), 0.019(7), 0.962(2)
0.0083(5) 0.00769 0.0113(6)
2a 6i 2a
1.00 1.00 100
0.0919(15), 0.751(11), 0.274(18) ~ 0.1701,-0.1701, 0.1920 ¥  0.0996(14), 0.793(6), 0.279(4)
= U(01) 0.00873 ¥ = U(01)
2a 6i 2a
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2R

A A E, SOF

Gy RIERE, x, p, 2

EHWRFEM AT A—H, U/ A
04

P A NELEE + wycoff letter

A b EHEE, SOF

Gy RIERE, x, p, 2

EHWRFEM AT A—H, U/ A
05

P A NELEE + wycoff letter

A A, SOF

Gy ERIERE, X, p, z

EHWRFEMATA—H, U/ A
06

P A NELEE + wycoff letter

YA M AR, SOF

S ERIERE X, y, z

EHWRTFEMATA—H U/ A
o7

P A NELEE + wycoff letter

YA M AR, SOF

Sy ERIERE X, v, Z

SR TENMNAT A—2, U/ A
08

P4 FEZEE + wycoff letter

A MEHR, SOF

Ty ERIEAE X, y, z

SR TENMNAT A—2, U/ A
09

A FEZEE + wycoff letter

4 MEHR, SOF

SrERIENE, X, v, 2

SR TENMNAT A—2, U/ A
010

A FEZEE + wycoff letter

P4 hEHR, SOF

S RIENE X, y, z

SHERFEN AT A =2, U/ A

1.00
0.2941(15), 0.238(9), 0.326(14)

= U(01)

2a
1.00
0.2028(18), 0.999(8), 0.553(14)

= U(01)

2a
1.00
0.414(2), 0.017(9), 0.605(17)

= U(01)

2a
1.00
0.2115(17), 0.999(7), 0.049(13)

= U(01)

2a
1.00
0.413(2), 0.024(8), 0.099(13)

= U(o1)

2a
1.00
0.0974(17), 0.737(7), 0.773(17)

= U(o1)

2a
1.00
0.193(2), 0.483(9), 0.546(14)

= y(o1)

2a
1.00
0.408(2), 0.500(9), 0.603(14)

= y(o1)

39

1.00
0.1639,-0.1639, 0.6129 ¥

0.00843 ¥

FE e X Er I KO EFET O U — b ~Ub MEIS & D& ST

100
0.3053(13), 0.187(5), 0.342(3)

= U(01)

2a
1.00
0.2145(19), 0.969(6), 0.595(3)

= U(01)

2a
1.00
0.4323(15), 0.063(5), 0.632(3)

= U(01)

2a
1.00
0.2160(17), 0.975(5), 0.032(4)

= U(01)

2a
1.00
0.4202(14), 0.049(6), 0.100(5)

= U(01)

2a
1.00
0.0846(14), 0.674(6), 0.774(5)

= U(01)

2a
1.00
0.1821(17), 0.452(6), 0.524(4)

= U(01)

2a
1.00
0.4009(16), 0.542(6), 0.593(4)

= U(01)
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ol11
P A NELEE + wycoff letter 2a 2a
A A, SOF 1.00 1.00
YRR, x, p, z 0.414(2), 0.491(8), 0.105(14) 0.3997(16), 0.531(5), 0.106(4)
SEHMFA BN T A—F U/ A = U(01) = U(0ol)
012
P A NELEE + wycoff letter 2a 2a
A b EHEE, SOF 1.00 1.00
YRR, x, p, z 0.003(3), 0.012(9), 0.508(6) 0.0124(18), 0.022(5), 0.509(4)
SEHMFAEN T A—5 U/ A = U(01) = U(0l)
013
P A NELEE + wycoff letter 2a 2a
A A, SOF 1.00 1.00
Oy RIERE, x, p, z 0.3019(14), 0.250(10), 0.824(15) 0.3005(12), 0.283(6), 0.827(5)
SEHMWFA BN T A—5 U/ A = U(01) = U(0l)
014
P A NELEE + wycoff letter 2a 2a
A A, SOF 1.00 1.00
Oy ERIENE, X, p, z 0.190(2), 0.489(7), 0.052(12) 0.1836(16), 0.461(7), 0.058(4)
SEHMWFA BN T A—5 U/ A = U(01) = U(0l)

T Bal5 M (SrogsBags)Ta0, MIZENTIX, &St A DSt BELUBa DY A FEARICBL T, RISTRIBEHIHEG %2
L7=. SOF(Srl, Sr) = 1 - SOF(Srl, Ba), SOF(Sr2, Sr) = 0.7 + SOF(Sr1, Ba), SOF(Sr2, Ba) = 0.3 - SOF(Sr1, Ba), SOF(Sr3, Sr) =1 -
SOF(Srl, Ba), SOF(Sr3, Ba) = SOF(Sr1, Ba), SOF(Sr4, Sr) = 0.7 + SOF(Sr1, Ba), SOF(Sr4, Ba) = 0.3 - SOF(Srl, Ba).

M Ca60 M(Sro4Caoe):Ta0- BIZHENTIE, F SrHA FD ST B LU Ca DY A FEARICEAL T, RISRIERHHEEEE
L7=. SOF(Srl, Sr) =1 - SOF(Srl, Ca), SOF(Sr2, Sr) = -0.2 + SOF(Srl, Ca), SOF(Sr2, Ca) = 1.2 - SOF(Sr1, Ca), SOF(Sr3, Sr) = 1 -
SOF(Sr1, Ca), SOF(Sr3, Ca) = SOF(Sr1, Ca), SOF(Sr4, Sr) = -0.2 + SOF(Sr1, Ca), SOF(Sr4, Ca) = 1.2 - SOF(Sr1, Ca).

Y SrsTay0y5[14]& BasTasO15[15]DIEF EE D XHRIED 5 (Sr1.4Bay)sTasOrs DK X EEFARE V OBREFASBR. V0 =
11.4944 + 0.2556 X DIREHBF B 1=, Bals OFAFHIEET N TUV=(Sra205Baz705)Tas01s DHARK L. & DREBAR & G X EEHF/ S
A—UhbBONERFERERL. RE LT

“ (Sr2205Baz.795) Ta4O15 @%‘ﬁ%@fﬂ\:’ﬁ‘@#fs& Uﬁ%%iﬁ/ﬁ A—=R(F, Xﬁk[m]o) BasNb,O;s Q{ETE L7=o
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Fig. 217 1)— FRJL METIZ &K > TH LN #ERIEIE, SrTa,0; IEZEME P2:/m. Ba10
j—f’c!:;b-t—D(SrolgoBao.10)2T3207~ Ba15 ?Eb%(sr0,85830.15)21—3207 Bct U Cab0 ?—
7“t:!::I’)7‘5(Sr0.4()Cao,60)2-'-3207 lj:EFEﬁg¥ P21 _Gﬁg*ﬁ' L/T:o ﬁﬁ@.li Sr "j"f I“s ﬁi
BlETadA b FREFOY A FERL. BEARFEMNTA—F U;BLV
EHIMREFEMNTA—F UDKESTHAKREXUVBRERL TS,
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Fig. 2.18 TaOs /\E{ADEELA, (a) c &E Y DEERA. (b) b-c @A (aEAEY) D
mExf, ROTRAHA FBDOAE TaOs 1O, 4ME TaOg X0 THRT

o o
. Py

o
~J

CaBFD AR
BaR FD S HFE

0|= -\ -—10.00
Ca60 Sr,Ta,0, Ba10 Balb

Fig.219 RXOTR A4 FEORNEI Sr ¥4 FELUSME Sr 4 MIHITS Ba
BFOHEEEREIUY CaRFOHER, ROTRNA ~EDAMAI Sr 44
MO, Ml SrH 4 MMIOTRY,
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234 )= kR MEICEYRO-FREEDZ LMD TM

2.3.41 Bond Valence Sum (BVS)

Sr;Ta;07, Bal0, Bal5 33 LT Ca60 DE A F A 44 ML T, BgET7T =41 L
DFEEFERED O T F 4 Db A RFEDH 5 Z £ 23 T& % Bond Valence Sum (BVS)
ZEt B L7o#E R % Table 2.5~Table 2.8 (27”7, & St A M LS Ta YA F D BVS
. TNENDOEREM THAIR2 BLOHS &LL< —HLTEBY, & Sr-0 HEERL L O
% Ta-O BEREDN U 7RMETH D Z L BRI 472,

Table 2.5 Sr,Ta,0; DE{HFA YA kD Bond Valence Sum (BVS),

A HA B, SOF Bond Valence Parameter, R, [17] BVS
Srl 1.0 Sr 2.118 2.069

A St
Sr3 1.0 Sr 2.118 2.159
Sr2 1.0 Sr 2.118 2.194

SMAl St
Sr4 1.0 Sr 2.118 1.952
Tal 1.0 Ta 1.92 5.176

Al Ta
Ta3 1.0 Ta 1.92 5.17
Ta2 1.0 Ta 1.92 5.022

SMEl Ta
Ta4 1.0 Ta 1.92 5.201

Table 2.6 Ba10 D{HF A YA D Bond Valence Sum (BVS),

Ak A b HEE, SOF Average Bond Valence Parameter, Ry™ BVS
Srl 2.237
PR Sr 0.958(2) St/ 0.042(2) Ba 2.1250(4)
Sr3 2.092
Sr2 1.96
SMAI St 0.842(2) Sr/0.158(2) Ba 2.1444(4)
Sr4 2.288
Tal 1.0 Ta 1.920 5.184
Pl Ta
Ta3 1.0 Ta 1.920 5.024
Ta2 1.0 Ta 1.920 5.107
S Ta
Ta4 1.0 Ta 1.920 4.892

¥ Sr 44 k@ Bond Valence Parameter Ry [, Sr*"-O* M H & U Ba’-0O*' DI L TERFABESA TS
ETHD 2118 BELY 2.285[17]1% St B LU Ba D EHFHRTLHIERSD L=fE (Average Bond Balance Parameter)
A=, £, Ta ¥4 +® Bond Valence Parameter R, [£. Ta>-O*DHNDIE[17]TH S 1.920 ZAL V=,
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Table 2.7  Ba15 M(SrossBao 15).Ta,0; D& A F 4 >4 +® Bond Valence Sum (BVS).

YAk ¥4 b EFHFE, SOF Average Bond Valence Parameter, Ry"™ | BVS
Srl 2.219
PRI Sr 0.931(3) Sr/0.069(3) Ba 2.1296(5)
Sr3 2.104
Sr2 1.977
ML Sr 0.769(3) Sr/0.231(3) Ba 2.1565(5)
Sr4 2.332
Tal 1.0 Ta 1.920 5.002
Al Ta
Ta3 1.0 Ta 1.920 5.102
Ta2 1.0 Ta 1.920 5.029
SMAl Ta
Ta4 1.0 Ta 1.920 5.059

fSr ¥4 k@ Bond Valence Parameter R, [&.Sr*-O* D H & U B2 -0 DI L TENEFNBE SN TS E
THD2118 B KU 2285 [17]% St B & U Ba DEHETLHIEES L7={E (Average Bond Balance Parameter) %
AWM=, E1=. Ta ¥t 4 kO Bond Valence Parameter R, [&. Ta*-O*DFADIE[17]TH S 1.920 AL =,

Table 2.8 Ca60 D& HF A Y4 +dD Bond Valence Sum (BVS),

HA K 4 b EFHFE, SOF Average Bond Valence Parameter, Ry™ ' BVS
Srl 1.947
Pl Sr 0.378(3) St/ 0.622(3) Ca 2.0240(4)
Sr3 2.093
Sr2 2.086
SMAl St 0.422(3) Sr/0.578(3) Ca 2.0308(4)
Sr4 1.732
Tal 1.0 Ta 1.92 5.091
PEl Ta
Ta3 1.0 Ta 1.92 5.184
Ta2 1.0 Ta 1.92 5.286
SMEl Ta
Ta4 1.0 Ta 1.92 5.176

¥ Sr 44 @ Bond Valence Parameter Ry [&, S -O*DHEE LU Ca’-O*' DI L TEFAEFABE ST SIE
THD2118 B KU 1.967[17]% St XUV Ba D EHEETLLHIERS L1={E (Average Bond Balance Parameter) %
W=, FT=. Ta ¥4 k® Bond Valence Parameter R, [£. Ta’"-O* DHANDIE[17]1TH S 1.920 ZHL V=,
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2.3.4.2 TaOg /\EADEIED R E & Sr U4 FOR/NERLE
(D) SPER

Bal0, Bal5 3L Ca60 ICBEL T, d @i Riz~<u 7 251 ~@% Fig. 2.20
27", Fig. 2.20 TiE, #MEI St A 23 b El S ANZIR > CTHAFM S L IE—FHHD
EL LI NEM L TWANEERTHORHITRLTH D, RN TIE, b-c

N @EEDY) O TaOg NEEDEEEDA X 4 #IA 572 FEITR L, FHITEEND
R T 2AA MNEOEFRIZEH LT O %4 " c B A MIZIh> T+ AHAS LIE—F
D ES BITHUNEM L TV D 0% ETFHHORETRLTWD, O A ~D c il
W OMUNELLIZ XV O-0 MEBENFHNWTWD (B<7Z2oTW%) EZALFALTH
L (L 725 TWD) LIABRZTOND, MU St A FD b BT MITIR > 727
INERLDE E & 2B D 0-0 Rl L OBIRZF~TH D & SMAl St ¥ KE 0-0
FIEEBEA AL TV A A TIEZR LBV T WD F~[h o THUNELZ LTWDH Z &3
DT, Stz LTA T oA XD Bab LT CaZEHLS S Z LT, TaOg
NEROEEENE Z 528, LLEO X 512, TaOs \NEED b-c TN (@filiEiHv) OFE

Ball Bal5

1QtQ;O' lC) Ql()' lo‘glo'

AN
'0.0'Q, 'O;C) Oy O i@ O
-m'r)ﬁ “H"Ha} nu Il

10 QIO‘ 10 Olo ;C) O;O

O-Ofilrk & I\-;X{ DA BB IO A

Fig. 2.20 TaOg/\E®D b-cEAN (a@hEhHY) DEEGDREESMASr 4 +D bEas
BOWNEMDAEE EDEFZR,. RAOTRAA FEZR athARANSR TS,
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BAD M E LAMAl St A - D b BG [ OBUNERLO R E (TSR H Y . TaOg /\
ERIT St A FE OV A FEOHEBENRKE S EDLRWE ) REHEOH T 2 LTV
BT ENMREI NI, BT, Table 2.4 TR L7 Y — hUL MENTOEHEE R 713+
SEWEEZ E->TED, 2341 BTRLEZEIIZE St A FBLOE Ta A b
Bond Valence Sum (BVS) ZZNZENEAEM THLHR2 BLUHS5 & K< —&, L TE
D ARF S Ko TT O i SR OFE RIZTZ L HEOFm NS DO TH D L Hlki 4
L7,
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2.3.5 R EHADERBEEDORE

WTE 2z 5 (Fig. 221 &),

F7T. EETBIOEILOHREDHERICOVTE R D, SnTa0; (T TaOg /\HE
KD O DELE Ta DT FEAZRE L 22028 TaOg \EARNIZAUHGRT-E— A > K
PFET D, 72, SnTaOr TR LA FFO7- 0 B ¥ 4 £ 7272 A3, BalO, Bal5
B LU Cab0 13D AT, BREIMBEAT D, ZO2fEDOSE (E5) T
b Ta EL OB TH LD [TaOg NEERNDOFHEFE— A b & fEEREIED 5
(B THD TERSE] IMEE TR L OEILOFEAEZIHE TR’ H D &
EZbhb,

WIZ, EEFOBIEICONTER D, SnTa0; IZBWTIE, BEFO THIX
TaSd-tye BB LY O2p #IE TR SN TS, L7 > T, TaSd-t, #liE & O2p #l
EROERY DR WALIE, EEFOBIBEIIREIWVWEEZ HND, AEEIC
BT, TaSd-t, #E & O2p WLERIOER Y 2P 2 DX, Ta-O-Ta fEAATH D,
2351 BB XU 2352 BIZBWT, EBRITY — ML Mg TR D 725G db G 2 H
WT, TaOg NEFENORIEFE— A b, BEDWII KO Ta-O-Ta &AL FE L.
SR~ D BB A D,

S\EAFRAORIBEFE—AZ

e S [ U T
L|ﬁ%f$@ﬁ@ | TaO A D RPAEI SR |

BH#EEEF () D BEADHR
(i) Ta-O-Taft &8 R
TSRO TEE S I S Tabd-t, JE
& O2pEMOERD
Fig. 2.21 #REENNMIETEHICEZ D LEBONIEE,
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2.3.5.1 EEFLEEANDEBRADHEEADEREEDEE

(i) MBFE—A> b

TaO¢/ \EH{ARRID
B3R (RiE)

(ii) BED2E P,
EREE&ChHE-T
F UGOS3 E (BiB)

Fig.2.22 #HEMREBENAMEEEICEZ SFE, () BFANGI1E (B)
THATBFE— AV LB LUV (i) BREARITOE52918B (B
15) THAHEEMBIE, MEEFLEADOERFZSZINHET MR
ZH,

Fig. 222 (ZRT X 21T, /i (BH) 13 E T & EALOFERREA &M T 28 = 23
bHHEEZBND,

£9. U — bV MET O/ ONICAEREEE 2 VT TaOg J\E RPN O R AR+
ET—AUMEHELE
fE % Fig. 2.23 1ZR T,
Sr D—#B% Ba B #a L 7=
Bal0 ¥ X T* Bal5 (%,

Sr2T3.207 k Jit ~ N W 'LEIJ

TaO J\EHEAD

TaOg J\ [ AN O B AR

ab)

=,
£

[oh)
()
N
A\
h
|.|..l
M-
k=
Fi
B

E—AMIFEALLE

RESNEWVRRODN,
Fig.2.23 TaOg /\EARNDIEBFE— A2 b, TaFLDF

SMEI TaOg /\ 1A PN DI PGS BERT,
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MFE—AL FPRERLTWD, Ziuk, Bald_Xua 7 2 A NEOWHI St %1 kX
DHTLAIMIU St A MIZERTHIEEARBL TS EEZXLND, St D—
# 4 Ca fB L7 Ca60 I&, SryTayO7 & EbX, Pl TaO J\TEIEPI IS L OMAI TaOg /\ T
ERNORBEFE— A2 FOFHFIAHERLTCND, Zhid, Ca a7 A0A MNEo
PRI St A R LOSMAISt ¥4 PO FIIZFH —ICHBETHZ L ARBL TS
EFEZBID, Ba BHid KON Ca BHOW 23, Ta AL D RETHIR /3R %2 ¥ S &
DNEE L O Lo,

WIZ, BEon-BREEEL AT, BRESBEZFHE LR % Fig. 2.24 ITRT,
Sty TaO7 CIEAFIE L TR 7o B33 18E, Bal0, Bal5 35 XU Ca60 D2 TDHE
(CBWTAEL TV, Ba Bl LU Ca BHRO W G NERER OS2 £ L S 5%
RERDL, ZOMRITI Ca BLPBa D ELLOEAED IIZ LB RN LD
>7,

LIEX Y, Ba @&H#il Ca EHROMHN, Ta FELONMRE L OFEREED /5315 % 1
s, EET L ELOBRBEEMEITO0REET LI nbnol, 20T &
[T>FE Y, St O—FB% Ba B LV Ca IZEHT D & LISV RIS D, ZhZEi
EMBLOEADTLHZ %, RETF L ELOHFKFEO LIZ S TIE, @A+ &
DTERNWZ EEZERT D,

D;—————~
Cab0 Sr:TaEO? Ba10 Ba15

Fig.2.24 BRS18, HREEXDOIMMBEERT,
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2352 EEFOBBE~ADKREEEDKE

Fig. 22512 Ta-O-Ta fE & A DK & I L EFOBENE DOBRZ =7, Ta-O-Ta f&
BAIL. EEFORERE Th 258 H FE 2T 5 TaSd-t, B & 02p #lE D
BRYDORZSIZEMSE, BEETFOBBEICEEL L5225 LEDNLS, Ta-0-Ta
FEE AN 180° IZITW AL, TaSd-ty, B & O2p BGEDE/e W N RX <, i ET
BEBENSSENZ ENTFERINS, —F., Ta-O-TafEEANNEL 720, 180° K&
< FeBfET 5 & TaSd-t FE & O2p WLEDE2R W AA/NEL 72D | BIEE T+ OBENE N
K< 722 LM TREIND,

(iii) Ta-O-Ta
wana

GEHTE 2B/ T 3
Ta5d-t, 88 ()
EO2pEfE ()
;1 [PEENANS)

= =
e BFDBENE =
Fig. 2.25 fa@miBEAMEEEICE X 528, (i) Ta-O-Ta a5 A L MEEFOBREE
D%,
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U— bL MWD 6RO T & 2 VT, Ta-O-Ta f5 &M Z 72, Ta-O-Ta
FEEIL, BAEFHIZ 20 REET 5, FFEHCEAL T, BAKEFPIZHD Ta-O-Ta
A OREA A OYYE 2 FHE LI R % Fig. 2.26 1279, Fig. 226 F DT T — R — [,
BEAIFE I 20 Kd 5 Ta-O-Ta fE G D& A DIEERZEZ KT, =7 ——/h&
WL, AEICIEL &R BRETOBEEDEINNINEEZLNDLN, &£
DL 2T —N—DRE ST EAEE LW, LD > T URRETOBEIE L,
Sr;Ta,0;7. BalO, Bal5 ¥ J U Ca60 DZNZE D EAANIZI W CTRBEIZEN 2
LEZOND, FH LI Ta-O-TafiGADRE S 2B THDH L, Srz—H Ba lCEH
L 72 Bal0 & LU Bal5 Tld, SnTa07 & EENE & A EEED 220, —F7, St O—F %
Ca (ZEHE L7 Ca60 TlE, SrTa07 (TR 10°1F & Ta-O-Ta FEEAMET LTV 5,
ZoZ LiE, CaBHAIZ L - T, REH TE AT 5 TaSd-ty, BB LU 02p HuE
DERY PN Y EETOBBENMET T2 L42EB®T 2, Ta-O-TafEE
AEFARDH LT, SnTay0; D St O—Hi % Ba ICEH: L CHEEFOBEEIZIZ L
P RN —T, St O—Hh & Ca [ZEHT 5 LEEFOBIELRTEETL
FOLWVS T ENRBEINT,

RN
oo
o

-
o
o

150

Cab0 SrZTa207 Ba10 Ba15s

Ta—-O-TafE S AN FEMIE /°
N
(@)

Fig. 2.26 BAIHEFHIZ20 K$H 5 Ta-O-Ta fEADHSADFHE, T7—/\—(E 20
AD Ta-O-Ta fEEDHEADFREREEZRL TS,
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24 W (FLH)

REDOFEmEEFATICIB W T L E 72572 SraTay0; @ Ba 38 LN Ca BEHLIZ L 5
it B i D2 & E U HEWE LT 2 BT 3 K OIEFLOME &OtRETE M & 0
BAf% % Table 2.9 (2”7, SrTayO; D Sr O—FR% Ba D\ NF Ca lZBEHET 5 Z LT X
D . TaOs \NEIRNOEL DN L, TaOg \NEAEN DI F-E— A > b &FEREED
HESBPFHR Sz, Ml L0 Ta B0 RATE 2 0@ E8hind 5 & Fitd
BT & IEILOEREE IS S, SERBEES T2 L FE A bNn5, L, 20
T LIZ LY Ba EHUCHE D SeAREEME O E L | Ca BHUZ L D ARG O T 0%
WEBAT 5 2 LI TE 2V, TaOg NEERFT DEI & TaOg /\EARDEHRD [T DO %)
R LY | Ta-O-TafEEGAITENT S, BaBHRIZLE Y Ta-O-Ta A AITEL L 72D >
F2DIZxt LT, Ca BEHOEE Tl Ta-O-Ta fEE AN 180° 1D RKE BN TNHZ &
Rh-o Tz, Ta-O-Ta fEE A D 180° 2> 6 OTEREIL, B E T OIRERE TH D84
THER A AERCT 2 BB BIE D TaSd-ty, & O2p IO ER W BN D Z L ZEHRLTE
D, 2O LIZXY HAMETEEAZRES T OEEFOBIENMET LIZEBZ X b

Table 2.9 Sr,Ta,0; M Ba H& U Ca BT L 2HERBEDELEZNICL>TELRT S
REEF () BLUEA (h') OMBEDZEIL & REiENE & OBIE.
TaOs/\NEI{&
AOREF BHEIR Ta-O-Ta
AR (HERLHR) REfs
(EPEY)

FEARI S

e
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Do TIUDHDFERNG, SCRETEMEZ A B S 570 0I2IE, Ta-O-Ta fEH A % 180° 7
DRELEEESE D Z L EREETICOMAEFHL CE D uHRERIE DML
e, EBREICHOLNE ST,
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FIE EIESIN T~ oI L AR L OMEESE S OME O
F3E BRENSTUNRICLEBILERSOHEED
= 'm
31 HE
3.1.1 W

JERRBETE PRI X T B DIRIMYC, £ HUTFENZE LT SRR O ELH RIS
o THEED R E S LT %, BAURTFOBRSIERINZ. (bR a OME DR E L 78 <
2D, LIeio T, MMM E OLFREEOMWEZR L LIFEELLEEZI LN
D, RETIE, HABTEVEA R SrTa07. (SrossBag.is)Tax07 (Bals) 36 K U fiifi
IEMEDMEVY SrNbyO7 (22T, ®iRESN 7 ~ VHELHIE 21TV, (LFEfE S O %

N

I
DY

o

3.1.2 BREDFHAEIZ & %1LFEHES DL ~isobaric mode

Gruneisen parameter, y;p~
WEHRFIREN T I2BWT, U 2 A B /NT A—F yp EEZNTEBP DO NRT A —F
yip PIRDATERE S LTV D[1][2].

v = Olnw, _ K, . 0w, ocKTrf 3.1)
olnp ). @, \ 0P ),
= alna)i —_L. % ocﬁ 3.2
Tir = olmp ), a0 \T ), « (52
CIZT, 0l XiBZBHONRN FOT< 27 b, plTTNVEE, KR E#ER (%

BIEEMER) . o (XEBE 7 D i BB O T~ 2\ ROREE ORBEGZERE, o 1TFESED
BRERRETH D, yp X i FEOT <0 NICBERT DA ORRBEIRRE o
BT 2 2 EMbnoTWD[R2], LIzl oT, N R i D yp /ST iE, o
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FI3E IR T ~ o X D IRENRS L UM S OB ORF

T =N RICERT 5556 OMBMZER /NS W, T hbbZD T <30 RiZ
BRI AENHENEWND Z EE2BWT 5, IREESLIZHENT U7 b w3

;= 0 H(0w; 10T)p (T — T)) (3:3)

D X HARANZZELT B LB TED 01, yp DIEZHETHZ LB TEX 5,
T, wiplZ T=Ty=298 K IZHME L7z o; DEZETT, RiwSCTiE, 3.2): D 3

(Y

HODRIZHD 0, DIEE wiy & LT yp RO,

313 NS T URREDERRR

— M T < CRBELRIE T, i e L TRV —F—Z2 A5 Z B E0, 20
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3.3.1.2 SryTa;07 @ Isobaric mode Gruneisen parameter
i=1~20D& T~/ RO 473 K LLEDREIZE T 2 IRERTEEZ(GI)N o =

w0+ (0w; | 0T)p (T - To)1» & 3RO T AF BTz 0 B L N Bw; / 0T)p 2 VT (3.2)7 L D |

isobaric mode Gruneisen parameter y;p % 515 L 725 5 4 Table 3.1 38 L (' Fig. 3.6 IZ7~ 7,

Sr,Ta, 07 DIEFEIZIER a DEIZIZ. (1/ Vo) (8V /0T)p=1.83 x 10° K [10]% IV 7=,

Table 3.1 SrTa,0;DHESI VNV KSTULT FDOBEKREES
BEfELT A L2k YKRDT= wo. Ow /0B L yip

Dk,
C el [ @) )
,,
1 61.2(2) -0.00321(15)  2.87(14)
2 89.3(19) -0.0080(17) 4.9(11)
3 95(2) -0.008(2) 4.4(12)
4 125.4(4) -0.0089(3) 3.88(13)
5 141.4(4) -0.0093(3) 3.61(13)
6 198.7(17)  -0.0125(12) 3.4(4)
7 247.6(4) -0.0062(4) 1.36(10)
8 285(3) -0.010(3) 1.9(7)
9 298(4) -0.005(4) 0.9(7)
10 326.7(15)  -0.0083(18) 1.4(3)
11 35203) -0.016(3) 2.4(6)
12 362(4) -0.009(4) 1.3(7)
13 431Q2) -0.0066(19) 0.8(2)
14 446(3) -0.007(3) 0.9(4)
15 459(4) -0.003(3) 0.4(3)
16 581(3) -0.019(3) 1.8(3)
17 630.1(7) -0.0186(7) 1.61(6)
18 790(5) -0.002(5) 0.2(3)
19 840.59(12)  -0.01207(9) 0.785(6)
20 884(3) -0.003(3) 0.16(18)
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3.3.2.2 (Sro.ssBag.15)2Ta207; @M Isobaric mode Gruneisen

parameter
SBBKUED AT IR LT, &7~ /N RORERFEMES(3.3)2%& AV T
F=.(3.2)70Z L Y isobaric mode Gruneisen parameter y;p % 515 L | Table 3.2 33 &2 O Fig.
3.11 1Z7R L7z, (SrossBag.s)TayO7 IZBE LTI, flidl D BFEIZIRE o IT|ME LTV
W2, SuTa0; D o ((1.83x10°K!) [10]%2H L7z,
Table 3.2 (SrpgsBag15)2Ta 07 DRI IV ST T FDIR

ERFEEZERALT 5 EISKYRDTz wo. (Ow;/ 3T
33 ct U VI'P o)ﬁgo

o,

i oo (cm™) ' [a_T], em™/K) (=)

1 60.4(2) -0.00495(16)  4.48(16)
2 87(2) -0.006(2) 4.0(14)
3 91.3(18)  -0.0058(16) 3.5(10)
4 126.1(5) -0.0105(3) 4.55(17)
5 138.1(7) -0.0101(5) 4.002)
6 201.2(10)  -0.0139(7) 3.8(2)
7 244.5(3) -0.0052(3) 1.16(7)
8 286(2) -0.008(3) 1.6(5)
9 298(3) -0.004(3) 0.7(6)
10 327.6(14)  -0.0096(14) 1.6(2)
11 354(5) -0.016(4) 2.4(6)
12 360(6) -0.006(5) 0.8(8)
13 432(3) -0.008(3) 1.0(4)
14 447(3) -0.011(3) 1.4(3)
15 465(3) -0.008(2) 0.9(3)
16 571(5) -0.012(5) 1.1(5)
17 629.0(12)  -0.0167(10) 1.45(9)
18 793(13) -0.003(13) 0.2(9)
19 843.14(15)  -0.01591(11)  1.031(7)
20 830(11) -0.009(11) 0.5(7)
BIAORTE. £/135 4 —EORBOBRERI-H s BEREE

RLTWS,
Yo lZATBKULDBEBEOS I VI b EMELTEONET
=Ty=298K IZHIT5IHE,
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Appendix % 2 ED{TER

A1 AB,O;BRROTRHA FEED LE, LESLT IR
D B L HEF O X IGEa R

BOs NHEDEEED 72 <, MFRFHLDOH A 1TRIE, I8 (ZEfEEE Cmem, Z=4) B X
LA (ZEREE P2ym, Z=4) O2FEH D, —FH. BOg \EAEDIEER) —DDHHE
DIZHD . XIRFOLOZR T RIZEEE Cme2,, Z =4 O 1 FEIHREIN TS, 1

MCHD LA LOL B 5N I B OB O3 R BEfR % Fig. A-1 (2R,

I, (Cmem, Z = 4)

I (Cmc2,,Z =4)

Fig. A-1. AB,O;BRROTRAAhA FMEED I BETHS W EBESLVLELZSTICNBEOE
A& F DX B R

Z IR A,B,O, AL S BT il D50 AR L TV D, Z=4 Thiu, B3I,
AB0; A, DFED, B AT AN SE, BN SH, OMN28HGFAET LI EE2ENRT D,
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A2 KX THELNE LED SrTa0;BIRRATRAA ME
ED R

L& (P2i/m, Z=4) \ZOWTIE, 1B (Cmem, Z =4) & OBALFEF ORISR
Appendix A.1 TR L7 LD ICHE SN TR, FHFOMEFBRICE L Tix, @5
o To, KimXX D2 BETHONTZ LA HT 5 SrTa0; Dt fbiiE % Fig. A-2 [I7R
T, ZOWE&EIZIL, TaOg \EEDREERIZIRND, N7 AT A MRIBEICHE L7oH#
T DNTFENIMA] TaOg I\ A & FEDS D9 MR VWIMAl TaOg I\ RS ¢ BT AT AS
HIZFEAEMR>TND, £72. St O a BT E~OBNEMR R LD,

<HR L (SBEODIEDSHITaO0,
SO ICHEERER T C(S9MITaN & &,

NI DS AR T (C(IHMITa0 D TESN & 5.

\ SHUSr-AMITafI DR A A 1
N Fr HaootE

s AMITa0 - D)
e ISy TaRI DB A
= 2.837(17) A jjﬁ-jjf&ﬂém

Flg A-2. *uﬂﬂx 2 E—C’Ef *LT' |2 E:o) SrzTazo7 o)!ﬁgl: *ﬁL& %@%g

ZIT, BfoRXa T 2T A NE~@ho T a 8FEICHEUNEA L TW A AME Sr i
HEEHT 2 (Fig. A2 &), =0 St OWUNEMDEERH EIZiL, BEo~<Xa 7 21 b

J& DAMAl TaOs \NEIRDOERH Y . & HIZEER EIZIFIMU Ta N5, ZD L 9724
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f St ODBEDONXa T 2 A ~NEDIME TaOs ~DIETIL, S1EH LTV AH4MAl Sr &4+
8l Ta OFICES GA A HFRDEENSE5EE2605, ZOBA A EFRI%
KR ST 572012, HEH L TW DMl TaOs NTEED N1 7 2 A NEIZHE LI-FEIE
c B MIZEEY & 9 4MAl TaOg NEEDZNIZEHA, DT MIcEWEEZ bND, —
. X T AAA Nallm LIEBER DT IRV T OIMEl TaOg \mEAEIZ ISV T,
ZD TalZlxt L TCEED a7 2714 MgDHMAI St iTBEN D L 5 ITUNER 2 L THY |
St-Ta DGA A EFNZTHDTND Z LR TE 5,

PRI St DFUINERL TN I, SMAl TaOe NTEADTER D O 236 ¥ | Sr-Ta I DR5A
A URIFRICIZES Lenw e bl s,

A3 AB,O;BRAROTRAA MEED 4TEED Il BORHFE
I B4 ClE, BOs \EIKRD — S O8E W ORER & ZHUTEED 4 B FF 2 O INENL
NI 6D, Fig. A-3 (Z 1L, 1ML, 1MT; 3 X O ML, O stk 2 77 97[1]-[4], Fig. A-3 128
WTC, A NTF A ORMELEG T W OBINEMIZIER T 5 & ZORNEMDTTE O
HIMEZ, FOT~VA B, CEBIUD TRLIZAEEICHDIATLZIENTES, A
BIOBIX, A DT AL OBNEMOREN Do) BIW D] O L9
(2, —OOFENIERTI > TRV DIZX LT, CBIUD T, ] BIW
[———— ] DX ITHI-> TS, BITREND L IIC, L BEUX, 4 H T A D
INERLD R E R —2DFMIZHT > TWRWVWA B I B 2 &) JIEE TR L
TVWOLHEETH D, L IE, ABAB LESI L TWD, 13 T, 4 7 F 4 ORUNERL
DEEN—2DFMIZHI>7- CB LD 3, CDCD &EFIL TW5, £z, I3 Tl
CHIUVUDIZBITD—FHHHioT- A B TFH 2 O/INEMDF X IZEHE T, TaOg
NIERS A AFA L OWINER LR UM EICHUNEN LTCBEEZ & > TnD Z EN
FEThs, ILATIE, A L NEBO LD REEPELERSTEEEL L > TV D,
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IIHD4TEED EOMEPHBRT 20T, REOBHEE L LA EEZEZ N TEY,
INOORESM (ICHH) NHIRTLIH5ELH 5,

I, (P2, Z = 4)

Fig. A-3 AB,O;BRAROTRAA MEED NETH DB Iy, ly, Nz KU, [1]-[4]D 5
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