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1.1.1 HERBREE & B EM

HIERBREE « EI » = L X —[EIIES ORE2E L 72> T\ 5, 2014 £ 2
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T b, TDIW COy 78 EDIREZNR T ZADPEH & 72 S BREEAR /DS &
ST AV FBFET D, & BIZERRRIYTZEEEHL(SOFCs : Solid Oxide
Fuel Cells)iF= /L X —EHh305 5 < IR OPREFE & L TR ST
% 3, BITE SOFCs DOEREME & L Thrd Mk LTW5D YSZ(Yttria Stabilized
Zirconia)*® 1% ZrOx IZBIT 2 ZtH O—% YHIEB L I-MEBITH 5, YSZ IEH
R TEWA A MREE 2R L (8 mol% Y203 Z2 &4l ZrO, 1% 1000°C T 0.15S/cm
DAREE Z 7 T), ALFREMEN R < . A AV HEN H FEKH T >099 TH
D BRI ZEME D BV ST, L L7Zen 6, YSZ IXH IR ML (600 ‘CLLTF)T
A A AMNEEENMENE W) IEZ R Z TV DT, 20k 5 2R TE R

(A T NRBEEZ R THMEIOR AR RDO N TNDS &

1.1.2 B{e1 A 158

At A A ARER 1T, WEFOBRUSEX v V) T BB 4 Th D
WE T D, ERBILTEREER(SOFCs) DEMRE ., hFt ¥ —, BBFRFERE
BEA~DISHAN I SN D EBERMEIT, 20T A ZOMRED ] EIZ13A
FUMEV TR T VEDR RO LN TWD, 4 F MREIRICEB T DA 4D
LRE LT I A MBI v UV T IRELBEE (BAESHZY OX v

U7 OBENEE) (ZHFIT 5, fdPEEEROSE. F v U 7 BT g
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IZENTZTEL DX U THFEET D0, BEEIZA A N FEREEoh s &
DL TIEET DL TIRED, TDTD, A T AREFE L iatE
EIXBBICEE LTV 5D, 1960 FRIC Zr0, D Zr¥ D —# & Ca2 |2 {E#a L 7= 12
E D@ WA A T ANARBE 2 BT 5 Z LR ST, B2 5 InEE M
EER ., ARG ORI A A ARER OB IR E T L,
SSZ(Scandia Stabilized Zirconia)’, Bi,Os 7 & D ar A AU 10 OB AR R S
T& 7, ERIC, X7 2l A MO b @O A A AREE 2R
ZENFER S, EVEF L, £ DT A A NG OBIL) OME
PHRINTE T 28, 20X I A A ABEROWF IR L A TSR
N T AN A NG OB RET LT LE->TWD, B b1 4
(R LS X BB b > TV A T2, KV EPEREZ SOFCs DB %
(1IN A T AEROFEE Y 7 X —OREADPEETH L 4, 207D
PAETIE, 7357 A MRS, AU T4 NEEE 2 & OB(LHoR a7 A
714 BEER LW e E TR E TR L A A ARER OB MER 1A T T
WD IR TR RERRERO T, EHELRILWA A AREROFHEE T 7
I U —& LT Ba,Y,CuPtOs A BaGdInO, BB R L7 2, ZD XK 5 7Rk
%% TR DB A A ARERIEZL < RSN TE T2, Fl 2 IXmE )
2 EDEET =F MEEMDOBILIA T AMASERTIIIEF I TH D, LK

IR CEMEEZ SOFCs Z{EHI9 2 7= DIZIXE b & o T2 [RER 2 &l TR
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RIZVT T BBEAb e EOBEET =F AbEW Lo T 0 R THE

KT DREND D,

113 BET=FLEW

SRERIX. BB, B, SRR, B, BT N R Ekkx e ERHC
JISHFATHETH D | THE THF A > ORI 2 2 b S, mPERE7Z 24 k)
PEM ST E T2, LNLIR S WES DIERZ2METRIR - BRI R DRSS
HF A DMK EIEAZ D Z & TORFME DI R AHRE R LIZ R 20 2 T
Do ZHUXT =F U NBIIIA T DB TH D E VST OHIRR7: Sl LD
LOTHD,

ZORIBRBPREITHT D2 L HHEN T DLONEET =4 L&MW TH
Do ZIT, BAET =FUAEH L ITHALEMTITER DT =4 e E T
EEMEIRORIETH 5, Bl 2T BBEAIIT =4 & LT kA 4 &
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5
=

A - FEARS - AR - AWK - IO H A ¥ — R80T A— 5 &

RS

2O, TNWEERD T I L ST CTELNTMAEEbE D
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1.14 BET =F U MALEMDOT =F o8k
BEET =4 MERIT =F A BKRE LTHIEFITER SN TWD, BT >
{3t A 4 &7 oAb A F BRI UIBICAD 9 D7, Mo R 5
T=F AT LI ETT =4 OEPHIEITE, v U7 ZEHAT LHEN
AR & 72 5, HARULEW E 21 3a A BEE Y Thd 5 LaOF R EHIA A4
(BRI T DTN T D 268, ZDOHTH | LageSrg0pssF, 1L L8
ETHEMT YSZ KD b EWnWA T UnEEEZRT I ENHREINTWVD,
iz & ER AL <Pk 3 V{4 T % PbFCl A% O LaOBr <° LaOI B#E L A4
mEL, ENENEALA A ARENEE LS T A A AREER I BT
NG 2930
BRBEAZONTEWN ONOMENT =4 s8R L L THRE SN
TW5, LaOCl R EHIIE ) A A 58k L LCTHlE S TR Y 3132 BEH
DEACIA A AREIRTH D CsPbClL 72 & L 0 B L OVKICHK L CREMEN
BN E WS TR A EE - TV D, ZObEF Y S~ AR S
T % ¥, LaOCl O &1L PoFClI It E CTH Y . T=F ITERT 5 L2
bW A1 2 LA A F I THAME L7 iE 2 B D, LaOCH IZHE SR R A 1ES
HIC Ca % 20% K—7" L7z LaggCag,0Clos idA A AREFEE A 800 CT 1.9 x

102Sem™ TH Y . BEROEALIA A AMBEE LD bW LA A M8
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Zand(Fig.1.1.a), I Z CHALIA 42 OPEEREEE I Fig.1.1.b (R T X 91
HED CI-Cl % “IRITHICHER T 5 Z E RN BTV D 34 iz e 1 4
MRERE LT CanAlyOnCh A S TWD ¥, A A =8 800 CT
#1107 S em™ TH Y CapAlLyOs DA Z & OFADOIY LV & 10* S em™
BREDKRWERMEEE AR L TWD, £72, BiSeOsCLIZ DWW TIHA A 58K
THDHEVWIMENRH DN, Fx U T OREIFIT> TR 3, BiOCLIZDW
THERNEMABREDOMILESIT> T DA, BiOCl H—F TOELXZEEIZD
W TSR S AL TR T

R LTI A 2 LD b A T U P RERORE WY A 4 % B—FH
CELHEND, BEA A DBEIT DEROE (R vy 7)) BRRELR
0 AR TEWEL A T A B2 R THEI O ARG SN D, S H6IT4
THFF 2 DWREEZ TR A 4 MARBARDEER LHMThIL TV o
R, B—RICEBROT =4 L a2 FOoEND, T4 OREEZDH L
DR D T2 OB R FH A RRATRE L 70 D, TLb D X 95 BRFED & EisE b
Y DA A T ANABARDERRINIFAET 203, @RBE Ot A F
{REMICEE T 2 WEILIEF IR Th 5, 2022 F1Z, Kluczny HIZ & - T Sillén—
Aurivillius 18 BisNbOsCl 36 KX U D EEIR DIt A A AREAROHE D3 72
7= 3, BigNbOsCl @ Bi O—#B% Sr (& LI ELOBRL A A A5G

1L 600°C T299x102Sem! TH Y | fkmZ 7 ADWBIA A NMEIRTH D
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Lag 9Sto.1Gao sMgo203(LSGMI182)IZ VLGN T~ 5 i WL A A ARG L 2 R BT
%( )12, 61T, ZOMEHT Bl 2@ T B H1 TIIE LR PR TR
IR WEEEZFFOFENH LN TS, Sillén—Aurivillius 80D BisNbOsCl 1%
Bi,0; J& & NbO4 JE & Cl #7672 Dl & 2 BV | k&R 23 FAE L 722V i
ETHDH( Yo ZAUCMZBRFRZEALAZTA L2 & B ERH E L
ZEmb, BEA AT EHSE IR T A B A DD,

BET = MBI A T ARERE LTHEHEBR SN TE Y, FloeRiRE
{Li3A LI b A A ARERI 72 B FREtE 2 R oM Bl C b 5, & mERtE L
WII A F A DR RICMNA T =4 OFERCHELEZbND 2 &
D, BERARBRBFRFAN D 5126 00 53, Sillén—Aurivillius 470> BisNbOsCl
VSR TIIBFZES L TWRY, £ D72, @RIBIE Ot A A A8k D

PRI ZAT ) 2L THERMBOR RIS 5 LR s D,

1.4 23 3R

(1) BBEFES. VX —HE2022. http://www. enecho. meti. go.
jp/topics/hakusho/2022/index. html 2022.
(2) Tanaka, Y.; Momma, A.; Negishi, A.; Kato, K.; Takano, K.; Nozaki, K.; Kato, T. Progress

towards Realizing Distributed Power Generation with Highly Efficient SOFC Systems. Synth.
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Fig.1.1 (a) A plot of the conductivity of the LaosCao.OClos solid solution (@) as a function of

temperature. Also shown are the data for pure LaOCI (L), the Laoos:Cao.01s0Closss solid solution (——

—), and the conventional Cl- ion conductors PbCl, (—) and CsPbCl; (- - - -) which exhibit a high
CI- ion conductivity. Copyright © 2002 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim.?! (b)
Crystal structure of Ca-doped lanthanum oxychloride La.sCao.200.932Clo.936 at 295 K, which was
refined using the neutron-diffraction data. Purple line denotes the C1-Cl atomic pair, showing a
possible Cl™ ion migration path. The thermal ellipsoids are drawn at the 99% probability level.

Copyright © The Royal Society of Chemistry 2021.3
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Fig.1.2 (a) Comparison of the oxide-ion conductivity in Bi-based and typical ion conductors in air
(8YSZ, LSGM9182, Bi203, GDC20, CsBi,Ti2NbO10-5, Ba7NbsM0O20, BasNb3.9Mo1.1020.05). (b) Two-
dimensional crystal structure model of the Sillén—Aurivillius phase, bismuth niobium oxychloride
BisNbOsCl, as reported by Ackerman. The image of the structure was drawn using VESTA. Copyright

© The Royal Society of Chemistry 202238
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8 2E Ruddlesden-popper HHDEREIE{LYDESIL
A F {=E

2.1 BEE

FAL A A AsBARI, BRI CAIREL R 72 IS A W REZRMEN T H D,
ZOMBIDOBRZEIT & o T, B LW A A AMABR DI FIT M EAR TR T
%, W< O7® Ruddlesden—Popper (RP)&: Bt L1%. RP & Bt L v
b B AR L IRER R E W IHHE LT L T —ME < SO B b A A
MNREMEE R T E RS D, ABFFE Tl Ba;Y205Ch, S13S¢,05Cl, Sr2ScO5Cl
S B IR YEAV ) ClXGm U Tl & 72 D8RR b A 4 M BRTH 5
Z L ERH LU, BaY205Ch, Sr38ci0sClh. SrScOsCl O FEH e+ U 7 ik, LA
TOWMSOEBRGERNOBILA A ThdEbhroTz, (1) BEI(DC)r iRl
ECERMEMD —END, TOHD EPMA JIENHRTRENY 7T 2IRIC
B)—1Z5340 LTz, (i) DC BRAREFE O FESE 3 AR IERI E D> DARERE 23—
EThoTz, (i) KWWY R¥ v v 72 Ff-TUWW5, (iv) DFT #ENG., i
A A2 L0 BB A A QIR = )L —FEEE DRV ME 2 7= LT,

DFT 8 X V| Ba;Y,0sCl, Db A A 13T YOS WUAHD=7 7 R~

7 J\(equatorial: JRIE M _ED)EESRH 2/ L T-01-01—-#% 2> T 2 Rt

TR D 2 L AR & T ( Yo Ba;Y,05ClL, O A A M5BT
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Sr3Sc,0sCl £ 0 & i < | ZAUiE BasY,05Cl @ H HRFE & k8 TR K & < Mk
WA A ANAREOIEMALT RV F =R 2D TH D, BayY,05Cl, ORE{L# A 4
NAEEDOTEMAL =R L X —F LY DFT HENG S o 72 B(bW A 4 L JEH
DT F)LF—[ERE IR 7 T A DL A T MAEAR LagoSro.1GagesMgoosOs-s
CVCET B IRWME A R LTz, L3> T, RIFEN S RP &BEE LTt

MA A ANEEARE L THETHD Z DRI NT,
———Oxide ion conducting layer f————

Fig. 2.1. Crystal structure and oxide ion diffusion path in Ba;Y,0sCl,.

22 S

AR, AT =4 ALEWITR BRI NEE LR a2 R o 7o
FROVBALEZRD TWD 12, BIZITEERT = ke D —>Th LR/ T
TV F 0 LA TR A A MEET D LM TS ¥, Ll Rk
WA A 2 DMET D HNTHE S TW W, b1 A B ER O 2 {m8 4

HEFCH HEEEY A A BRI SOFCs OEMYE - il « T AP —%
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FR &Y BN 72 IS FRER M CH D 110 LS o TEMLM A A 158
HWE RO BBE D ORERIIRFLZORBIZENWTEHETH D, AR TIE
Ruddlesden—Popper (RP)FH D4 J& W b DERER 21T > 7=, RP MIT—MA T
Ap1BuXsp EFLIRTE, X T A B A NEABX;) & BB (AX) DR HAZTEE L
IPHEECHD, T2 T, AFKEWVWIT AL BIVNEWAT AU, X7 =
F o nIZBRBTH 5, BaglngO17 X Sr3TipsC01 2075 Pra(Nio.75Cu0.25)0.05Ga0.05O04+5
72 E O RP AT Em W BE) A A AMAREE A R I MBI CH D 1220, Ll
NH, %< O RPBBEEAOIMED D 2B D G SUHERRRHTIZHE—FE O
RP & REEEALY DRI A & AMAREMEIT O TIFE D 720, Xia B 263
BiOCl MNENT-BILD A F o mE L R~T L ERLTWDH B, H—MHToD
BiOCl Db A A MRBHEIZFTH X AT ey, F£72, Berdonosov © I
BiSeOsCl A A MuiEToH D Z LITIE L TV D, AnEEIZ OV TITIRE
LTCWirhoiz,

XTI TONSOEBE NS, BasY,05ClL 2NERbWA A A8 RIC 725 b
EZ2 T,
(1) Ba;Y,0sCL 1% n=2 @ RP #H(Fig. 2.2.2) TH Y B, JAWWXV KXy v T2 Fo
729 ARNE T+ R — REFE O @ Wb A A AMREE RSN D 122,
Q)E WL A A AREEEZFFOM B TH D ProNiOuss DRERITHE TH D Pre

RN E I LT, Ba? BLW Y ZA T EENKREN, £D7D Ba? B
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L Y& 5T RP AHIZEAL A A MB8T5 T 5 MRy 74 AN KE

72D ERWFSND,
(3) Ba3Y,05Cl, DX 7 AHhA MNEDTZ 7 ~ U T Jb(equatorial: 7RiE [ D)
e 3 L OV Ri(apical) 2 # 1L R & R B IF M F AN T A —Z 2 £ b (Fig.
2.2.2) 8, WAL A A AMAREME 2 R RTREME DS m o 161729732
(4) Ba;Y,05ClL, @ H HAFEIT n=2 O RP FHO H Tl HERAY K & N 72 D (Fig. 2.3.a),
At A I M EOEH AL RN X —NMELS 25 Z eSS 3, 22T
H EARFE IS TR D O 2R A OB E S W TH D 3,

FIH D2 BasY,0sCL &R U< kA A L@ A 34—

X —L7= RP FH®D Sr;Sc,05Ch, X T SrScO;Cl IZ DWW TOSE BT - 72,
S138¢,05CL IE n=2 ® RPAHHTH U | [6l LA TH % BasY,0sCl & 131 A D
INSWAFF 5785 2, Sr3Sc,0sClh O B HIAFE « #7151 BasY,05Cl &

D H/hEWTeD, BHHEERE - B IE & B A A B oE b 1L —
ORARZM 5 HHTIT o7z, —77. SiScOsCl 1L n=1 @ RP fHTH Y |
S138¢,0sClL, & IIERL TTHEIZF U Xa 7 2 h A4 NEOFNRLR L 2, Z0i-
D, BAEIA T NREE X T A A NEOROBREZ N5 BRI TIT o7,
AAFFETIE(E) BasY205Clh. Sr3Se:0sClo, StScO;Cl 4 [EFH SUGTE TH L. (i1)#
72 %R L BEFR S E T OBILA A ARG X OV 7 (55 DR KA

PEZHIE LA A AREMEORHIN, (i)Ef (DC) mifliE & £ D% D EPMA H]
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ED S EBRIC (B A A U FEOWRE,  (iv) BENBEEHER (DFT) &A1
S XNV —FHEIZ L2 A 4 v LA A A4 > OYEEHRR IS S

K OLTHERE DA FE 21T - T2,

2.3 EBRITHE

2.3.1 SR E

Sr2ScOsCl, Sr3Sc.05Ch, BasY,0sCl, D & B EAH RS E 2 W TIT 78 o 7,

S1,ScOsCl DA FITFEE L TRz S 72 SrCOs (99.9% purity), Sc,03 (99.9%
purity), StCl,-6H,0 Z{b &bt CHAIRE 21T o 721%, —Hlin)E Al Y (— s
7L ARRIER T 63 MPa DEINICT L R 2~y MO L, /ERL 72
AN Ly R &Z25H 900 °C T 12 KREfRBE (MAEE: 5 °C / min) L7z, (REEZ Y
TN R L BRIRE A | AT o 7o, — SRR (— il L R g
T 63MPa DEINIZ LV RABIZ Ly MBI L, fERLIENL Y &2
KU 1150 °C T 24 BEBERE (W AIEREE: 5°C /min) L7=, Sr3Sc,05Cl, DA kIR
& L CHEB S 72 SrCOs (99.9% purity), Sca0;3 (99.9% purity), SrCly - 6H,0 %1t
Tl CHARS ZIT R oo, — iR (—ih > L A 8 T 63 MPa
DIEINZ L VR Z Ny ML ER L7~y N Z2Z225H 900 °C

T 24 BfElibE (AR 5°C/min) L7z, (RBEZR T 7 vzt L, 83 URS
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2R 1 K T > 7o, — IR (—Hh " L A AR T 63 MPa DJENITE D
BRE R XLy MR L, ERIL72~XL y hZ2ZERH 1000 °C T 60 FEfH]
Bekk (WELEFE: 5 °C / min) L7z, Ba,Y,0sCl, DA AITFEE L CHa & 7=
BaCO; (99.99% purity), Y203 (99.9% purity), BaCl,* 2H,0 (99.9% purity) % 1t 5 B3
e CHEEIR A 21T 70 o 1o — 8N Al (— i 7" L A ER T 63 MPa DJE )
(XD BAREE <Ly MR L, ERL 72~y b 22251 900 °C T 24
PRI BUGE (M ANEEE: 5 °C /min) L7z, RBERE Y 7V ki L. #UREG 24
1 BERAT o 7=, —EINERR(— i~ L A pRUES C 63 MPa DJE )2 K 0 FyReEk
Bha~XLy MBI L, /BRI L= v b &2ZERH 950 °C T 60 FBERIBERE (1
HIBEREE: 5°C/min) L7z, BERR L7=~_XL v b2 HWTREERTE 21T 72, BEK
L7e~by ho—fizkhikEs L, Bk X #IEPrXRD)HIE L 7= (Rigaku
RINT2500, #Ji CuKo, & 40V, E&EHE200 mA), Ba;Y,05Cl, Sr3Sc0sCly,
S1r;ScO3Cl DFEIE /X T A — & 1% Z-code program® Z T U — ~~UL NMENTT 5
ZETREL LT, 8 X BRART R B InRO RN ZIZET BagY,0sCl;
TIEL Ba:Y:Cl = 3:2:2, Sr3Sc,0sCl, Tl Sr: Sc: Cl = 3:2:2, Sr,ScO3Cl Tl Sr: Sc:
Cl=2:1:1 THYH, ZHOIFHENRETIE L2 WER o7, FoEk=
= ML LT ERE V-650 (HARSSE) #HWT, Ak L7zslkto 5
HER (LU BaS0s; HADEHE) (SkI9 DA SR (S84h T AR Bk S bt

AT ’V) BRIE LTz, oz — 213 Kubelka-Munk Z2#412 L -
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T ART MU L, Tauc 712y FEHWTAY RE¥ Y v 7 Eg 2K
7= 3%,
232 BEXRCEERE

Ba;Y,05Cly, S138¢,05ClL 3 X T SrSc05Cl D 427 A B B T 1E. 3 VY -5 &

—

FWTHIE L7z, FRRHEEE D BasY,05Cl: 73.6%, Sr3Sc,0sCly: 72.1%, SrScOsCl:
71.8% DM ER DY T HWTHIE LT, BRIZIET X TOMET Au %
FVY, 800°C,1h CTEMODEEE (T 24T - 7=, EIRIEE (025, DIRFERTIE

T RT O TR ZER P 2 H L CRIE L7,

B ARE T DRy EARAFIE ORI E 1T BasY,05Cl: 702 °C, Sr3Sc,05Cly: 702 °C,
S1,Sc0;Cl: 708°C TITVY, BEFR /3 TIE No/Hy, B IO NyO, IRE N A & AWV TH
E L7, S1Se0sCl DAL A A AREE (005 ) 1 L FEMEL R THIE L 7= (538
°C: P(0;) = 9.0 x 10720 — 1.2 x 107% atm, 702 °C: P(O,) = 1.4 x 1072 —1.2 x 1072 atm,
805 °C: P(0;) = 1.2 x 1075 — 3.1 x 107 atm, 854 °C: P(O,) = 4.8 x 102! —2.0 x 10"
atm), Ba;Y,05Cl, 0)002 13 436°C 7> 5 702°C D [E] O EME fEIE THIE L 72(P(0Oy)
=3.0 x 107 atm), &iA & —&  AREITY TV L EmRO SR E #
2.5 B TRIEOMEZITIR, il Ny T AZW L2NOHE Lz, HER
Solartron 1260 impedance analyzer Z FV>, JE# % 10 MHz—0.1 Hz, #EH:100 mV

THIE Uiz, ZHMElE & $HA ZView software (Scribner Associates, Inc.) 3 % FH \»

THEMT L (Fig. 2.4), FHEE T O/ L 7R85 (07 )36 & ORLFUREE (o) 2
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E LT, BV RNE LT Ny T AZFE LR 5 —EDEME(100 mV) %z 2T
THIE L7zs BasY,0sCL I DWW TR ETR P BRHAER IC, B~ A 27T 17
A P —EPMANZ L 0 Vo 7 VI DT DA & A L=,

2.3.3 FBENLBEEHEROFNFHE

A A OBENEZPA T 5722, Vienna Ab initio Simulation Package (VASP) %
i L C— b ARt (GGA: Generalized Gradient Approximation) C&E1-&
BAS T U, Z2MBE P1 IISCHR 28 THE SN TV D BasY,0sCl, OAfiE /S
TA=ZHME L UTHER L, IORSRT 0.02eVAT TITo72, O ZEfLE
Ba ZZfL & F5OE T /L BaxY16030Clis (R FET /L 2X2X1) i L, Bk
WA A OYLEFREE I N L X —ERE A G R LT, [RARICHEIL A A OFk
BRI e N R L X —PRBEA JH R D721, 2 DD Cl Z54LE 1 S Ba %
LEFFOET L BanY16040Cly (A& ET 1 2X2X DEFH L7z, ZZ TBa
ZELIT R A HERF T D72 DICE A L2, Ba, Y. O, BLV Cl F1oD
PAW(projector augmented wave) 7~ 7 > ¥+ /L, Perdew—Burke-Ernzerhof (PBE)
GGA B A Lz, FmEEIEDO D v M4 7% 500eV. &k R%x 2x2x1
DA v a2 TIToTz, RINMEOHEL, O BEXOCl T=4r2#E L1
DDOFEIHBEDZENT W B EICBEFEAIICEN ) LT, B SR EE S ik he
TUILRIEHEDY 0.02 eV AT THEHE L7z, mEREI 2 RET D 72012, MISitkE

&S A SR L L, € ORI & o iE Oz 5~8 53 L[
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RS ROl L7, /L5 —[EEEIL, FIHNIREE & 8 S OB O = KL X —
20D OF BEO CI OIREREO T 3L —[FEREZFIR LT,

234 FBAERFMCE S =R NVF—HE

Ba3Y,05Cly, Sr3Sc,0sCl, 35 XY Sr,ScO3Cl DER{LHA A L DILHFR IS & A3
L=, 7 v 7T A SoftBVY & HWTHEA TR Flilc F3 < = % /L ¥ —(BVE:
Bond Valence-based Energy) % &t L 7= %4, BVE FHEICIS 1T 2 BALKE T D ZEFH]
IPPEREIX 0.1 A & U E /ST A —X X2 N E TITHE SN TV DEE Fv 2842,

7'va 7 5 VESTA % FVCHiE L 7=,

2.4 FEREL

2.4.1 HHEE, FEREERT. EXRCEERE

ByR X BREPTHIE OfER. SruScO3Cl & S3Sc05Cl, D3 T D SN IE 5 il
R TR TE 72 (Fig. 2.5), oI zmrT —F DU — FL Migfr
DFEFR Sr;Sc0sClL & SrScO;Cl 1 XZE 741 n=2 Ruddlesden—Popper (RP)FH &
n=1 RPfHTH 5 Z & 0353 Hr- 7=(Fig. 2.6, 2.7 B X O Tables 2.1, 2.2), ZiL5HD
TR D, IEJ AR PA/mmm n=1RP FH0 Sr;ScOsCl & IEJ7 ¢t R [4/mmm n =2
RP FHD Sr3Sc,0sCh AT D Z & 1353772, BasY,0sCh @ XRD DfE R A
SR EAEDOE—ZITIES R TRESMT TE . U — ML Mg ORE R

235, BasY,0sCL D > 7 Lz 91.24(4) wt% 1EJ57h5% I4/mmm n=2 RP FHD

25 | 67



Ba;Y,0sCL 777E L, AHliAH & LT 5.55(3) wt% BaCO; & 3.20(2) wt% Y,0s 77
T 252 LNy ho=(Fig. 2.8 B LT Table 2.3), 7215 517= Ba;Y,05ChL,
Sr3S¢,05Cl, 3 L TN SraScOsCl DFEIE /N T A —F T ED Ik B2 o b o & oF
JE LR WEER DG DT, 2 TORA T ILE 122 T bond valence sums(BVS)
AERLIZE A BTOIHFTHAERN & —H L7z, n=2RP fHD Ba;Y,05CL
& S138¢,05Cl, DFEEEEIZIU-> D~ 7 A H A MELLE (ABO,sClys layers) &
T OO EEEACH layers) S A HX v F TV — 7 T 2 A (AC1)—~(AB0,.5Clys)—
(AC1)—(4B0,sClys),— CFEJE L T\ 5 (Figs. 2.9.a,b), = Z C., 4=Ba £721% Sr,
B=Y F£7201% Sc THY., n ZERETHSD, o0 BOsUAHENTHSEESR
(02)% RIEH L B0y XA ~—%K L TnD, OOV G o7 B0y XA~
—1X 01 MeE % — » AT Cadfg L, [110],[110],[110], [110] 5 MZiE# 72 0 . —Ik
TED[(BO25)2]w=[B205]e A7 7 &M LTS, £z, CLIZOWTIZ - HDEk
D& o7z Cls WAHED<100> S5 I EILHE LN 6200 . “IRILDO[CL]JE
EE LTS
n=1RP D Sr,ScO;Cl DFEFAEEIL DD~ 7 2 h A NELJE(UBO,sClys
layers) & A HE JE (AC1 38 XY 40 layers) N A X v 7 —J T 0 AN -
(ABO,5Clys)~(AC1)~(ABO, 5Clys)«(AO)-"THEE L T % (Figs. 2.9.c); 2D BOs
VUM SN TR B R (02)F mIEE L B0y ¥ A ~—% LT 5, —HODHY

B o7 By0g XA ~—1% 01 BiE 4 534 L. [110],[110], [110], [110] 5 A2 3H
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720 . TIRITD[BOs), layer KL TW5, F72, CLIZOWTIX ZHDREY
Ao 7o Cls WAHEN<100>H I mIEA LR 60 R 0 . “IRILDO[CL].E %
L TW5D
Ba;Y,05Cl, Sr3Sc,05Cl, SrScO;Cl D E i RERIZEE (oo XIRED F5-
L &I ES L(Fig. 2.10), Ba;Y205CL @ 62¢ 1% S;Sc,05Cl, & Sr,ScO;Cl
DS, L0 1 489 5 640°C OFPH TEI< . Z4UE BayY,05ClL OIEPEL— %
V¥ —(EPCYA Sr38¢,05Cl, & S1ScO;Cl LV (AR W 728 TH 5 (BasY,05Cly:
0.96(3) eV, S1:8¢,05Cly: 1.32(6) eV, Sr2Sc0;Cl 1.34(10) eV), 4T DFK ToRS 1
i 32 70 JE (PO AR AFHNE L 22 WREIR S FAE T 5 2 & 0353 0> o 72 (BasY,05Cly:
7.3 x 1075 < P(0,) 2.9 x 107* atm, Sr3Sc,05Cly: 2.9 x 1077 < P(0,) <9.5 x 1077 atm,
S1,Sc03Cl: 2.3 x 107 < P(0,) < 7.7 x 10°° atm, FEMF'E fEHL: [B], [D] and [F] (Fig.
2.11)), Ba;Y,05Cly & SrScO;Cl DIEF /N R¥ v » F(EHIL Z IV E TOILHELT
TNEIN54eV BELO 49eV EHEDH D 2242 Sr3S¢,05CL D Ey 13 UV-vis 44
B A7 R VIE DFE R 6.05 eV (Fig. 2.12) T VW . = O ORI T E M
KRTRWZ ERNRENTZ, TNHDORERND, Fig. 2.11 ORI EITHAT L
WBEIR CIEIKE R 72X ¥ U T BRA 4 ThDHZ ENRENT-, BaY,05Clh,
Sr38¢,05Cly, S12ScO3Cl D/ NIV I AREFE (ot CYNE Ny WA Z TR LN HA v B —&
> APE THE L 7= (Fig. 2.13, 2.14, 2.15), n =2 RP FHD Sr;Sc,05Cl, D oi©

(650 °C, (5.6 x 10°Scm ™ )iF n=1RPHHD Sr,ScOsCl £V & 13 fH=BEL D 5 <
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(Fig. 2.13), ZAUIHNAETH OB A A (8B ThH e 7 A A4 M
LU DR Sr38¢,05Cl, D FFINE N T T 5 (Fig. 2.2.b,c), Z D K 9 7aZdhT
RP F&{L#) D(Sr, La),-1(Fe, C0),03,:1* K> SrO(SrTi0;),* T L 53TV DA T
H> D,

VU 7% FO T BasYa0sCl & Sr3Sea0sCl DEEAL A 2 AMREE (0052) %
BILFEARKTHE L, oge XRED EF & & HIC ER L7 (Fig. 2.16),
Ba;Y,05ClL ® 520 °C TDaps- (9.32x 10 Sem™) 1% Sr3Sc,05Cl D 537 °C TD
0x=(9.62x10° Sem ™) & 0 & 10 58\ MRE L % 7R L 72, BasY205Cl D N aos-
IZ Sr3Sc,05ClL, £ D HiEMH L= R F—MEW 72 TH 5 (BasY,05Cly: 1.490(9)
eV , Sr3Sc,05Cly (1.94(9) eV at 702-854 °C, 1.73 eV at 537-702°C), & 5|
Ba;Y,05Cl, @ 550 °C TDoC (6.9 x 10° S em )% Sr38¢,05Cl, D 550°C TP
014 x10°Sem LV b 5 f5mE <. ZUTepC it DML 2L —
Ba;Y,05ClL, D S5 2MEW 7280 TH 5 (BasY205Cly: 0.69 eV, Sr3Sc,05Cly: 0.86 eV),
oo & opCOTHEMEALT L — 78 S138¢,05Cl & ¥ b BayY,05CL D J5 23K D
1%, Ba;Y,05Cl, D H H{AFE(165 A%)AS Sr3Sc,0sCL @ H HARE(114 A3 L 0§ K&
WeH Th D, F72.BasY20sClh DR & 7 H AR I 7 1ATH % BasY,05Cl, (484
AHNDF DY Sr;38¢,05Cl (398 AL D H K& W= THh 5 (Fig. 2.2.b), HiE- T,
Sr3Sc,0sCl £ ¥ & BasY,0sCl Db A A AMAREFED = O DL BasY,05Cl, D

AR E BREFRNPRENWZO TH D,
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242 X% V7 ORE LRIt A A 2 OILHRERE

F v U7 2 RET S HBCEFRMREIE 21T > 72, BasY,0sCly, Sr3Sc,0sCl,
Sr2ScOsCl (2 —E DL Z T 7o R, BEIREIXEH & & BITE L LR 2T
(Fig. 2.17, 2.18), Z OFEFITA F A 2 ROMBACITTRAL T2\ BB b A
VREERF Y VT THDHI L EBMIREBL TN D, I 2T BaY,05Clh DS
I S X0 b EWed, TR DM ET oo, s Rl E % O
Ba;Y,05ClL, D> 7 VW D EPMA (2 X 5 TCHE NS T _XTDILHETH Y
— RI67 /= ROGHNIR>TT a7 7 A VNI IR BB Z2 7R S 727 -
2o TORRIZTRTOTENT I NAEBRIZE—IZ0M L TND I EERL
TW3 (Fig. 2.19), 21XV, BasY,0sCh it A 4 Bk TH 5 = &3
IRIT,

Ba;Y,0sCl, @ O & CI O L O = % /b ¥ — [ERE & L HURR 1% -01-01-,
—02-01-02—, —CI-CI-#&#& (2> T DFT % W CEHE L 7=(Fig. 2.20.d-f), =
ZT Ol & o2 ixENENTYZ T R T /b(equatorial: ZR1E E _ED)EEFE & TH
(apica)iE56 CTh D, WAL A A& L PEH D = RV ¥ —[FEEIT-01-01-TiL 0.67
eV T-02-01-02—#&K&1% 1.08 eV TH Y . ZHIF—CI-Cl-EH(1.47 eV) L D &
DT MIIRVMETH 5 (Fig. 2.20.a-1), FRXEOEBIRREETO BVS Z5HET 5

&, —01-01-1% 1.87,-02-01-02—1% 1.65, —CI-Cl-{X 1.49 TH > 7=, BEERIKRE
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?O ClI IZHOWTHEHR S 72 BVS 2EER 1.00 22 5 RIFICHEM L T\ 5
7z, CI-Cl-# ¥ TO Cl O¥LH O = 3 )L F —[EEE T, -01-01-%°
~02-01-02— % TD 0 DIEHO TR NVXF—[EREL D L EVME L 725 T
%, I ZC bond-valence parameters (X1 ZEIZHE D H 5 CHROME 2 W CEHE
L7c ¥, 07 O F)UF—[EEEN ClOT R VX —[HEEL D RN LD b
Ba;Y,0sCL D E72%F v U 7 WAL TH D Z L AR LTV D,

%72 DFT 557 5 Ba;Y,05Cl 1O O DR 13 Y-O HhfE %2 —EIlcfh b
2B YOs WASEDOEIZ > THIL RIZ ZRITAIZIEET 5 (Fig. 2.20.d,e),
S BITALA & N DA A R AICE Do = kL % —(BVE: bond-
valence-based-energy) ZEfHH 72> 6 b Z D X 9 AR A HURR K AR IB & 47z (Fig.
2.20.g,h), F 7=, Sr:ScO;Cl F5 L Y Sr3S¢,05CL 1B L T4 BVE 7 5-01-01- 35
LN —02-01-02-f% ¥ &2 M L CHIN_EC “RoiZib A A v M4 2 2
& MR ST (Fig. 2.21), YOs MAHEE 721% ScOs PUAMEDTEIZIR - 7= IRk
Bix, S Xa T A A MRS, X7 a7 24 MRS Z O Dion-
Jacobson fH DL A A L OILEAREE & FELL L T\ % 314052 DFT FHE2 5 R
FEH o 72-01-01-fK K D = % )L ¥ —[EEE(0.67 eV)IZ—02—-01-02—#% % D — %
JLF—[ERE(1.08 eV) L VD HIRWZ 9, BasY,05Cl, O EE R A A4 DLk
R IT-01-01-RETHLHZ LRIz, DFT #HELLREYL - -

—O1-O1-#FHE 0 T L % —[ERE T o AC DTEPEL. = L — & — B LT,
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2.5 fEim L B
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Fig. 2.2. Crystal structures of the tetragonal (a) /4/mmm n = 2 Ruddlesden-Popper (RP) phase

BazY20sCly, (b) 14/mmm n = 2 RP phase Sr3Sc20sCl, and (c) P4/mmm n =1 RP phase SrScOsCl. Red,

yellow, grey and white ellipsoids, light green and green polyhedra, stand for O, Cl, Sr and Ba atoms,

ScOs and YOs polyhedra, respectively. The solid lines represent the unit cell. Thermal ellipsoids are

drawn at the 99% probability level. The crystal structures were depicted with the crystal data reported

in our previous works.?®** Copyright © 2021 American Chemical Society.>
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(a) Relationship between the free volume and lattice volume of » = 2 Ruddlesden—Popper
(RP) phases. BasY20sCl (red circle), n = 2 RP oxychlorides (blue circles), » = 2 RP oxides (green
triangles) and other n = 2 RP compounds (purple squares). The free volumes of n =2 RP oxychlorides
Ba3B>0s5Cl, (B =TI, Gd, Tb, Dy, Ho, Er, Tm, Y) are larger than those of all the known RP oxides. (b)
Relationship between the free volume and lattice volume of RP Ba3Y>OsCl; (red circle) and n =2 RP
A3B>05Cl, (4 = Ba, Sr, Ca, B= Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, In, Sc, Fe, Co) (blue circles). In the n
=2 RP A43B,0sCl; (4 = Ba, Sr, Ca, B=Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, In, Sc, Fe, Co), the free volume
linearly increases with an increase of lattice volume (panel (b)). The inorganic crystal structure

database, ICSD version 4.5.0 was used.® Copyright © 2021 American Chemical Society.™

42 | 67



Rl Rgb

G, | CPE,,
I 1 N\

11 7 /7

Fig. 2.4. Equivalent circuit used to fit the impedance spectroscopy data. R, C and CPE denote a resistor,
a capacitor and a constant phase element, respectively, where the subscripts b and gb stand for bulk

and grain boundary, respectively. Copyright © 2021 American Chemical Society.>
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Fig. 2.5. A part of Cu Ka X-ray powder diffraction patterns of (a) Ba3Y>0sCl (red), (b) Sr3Sc205Cl»
(blue) and (c) Sr2ScOsCl (green) at 20 °C. The open circle represents Y>0O3; impurity and open triangle

denotes BaCOs impurity. skl stands for the refrection index. Copyright © 2021 American Chemical
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Fig. 2.6. Rietveld pattern for X-ray powder diffraction data of Sr3Sc2OsCl>, showing the experimental
data (Red closed circles), calculated intensities (blue solid line) and difference pattern (light blue dots).
Black tick marks denote calculated Bragg peak positions of tetragonal Sr3Sc2OsClz. Copyright © 2021

American Chemical Society.>
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Fig. 2.7. Rietveld pattern for X-ray powder diffraction data of Sr.ScO3;Cl, showing the experimental
data (Red closed circles), calculated intensities (blue solid line) and difference pattern (light blue dots).

Black tick marks denote calculated Bragg peak positions of tetragonal Sr2ScO3Cl. Copyright © 2021

American Chemical Society.>

45 | 67



Intensity

WEEETE LW r e Wneeun e veer newe e e e mn

(I} ] L 1M TR r e COre W Cn e mn fr RO v in ey i m e n wn wnn mnm cnw iy i

| P 3 EY X1 3209 R Rl R FEY R vt Tovgasy) 14y I'k mEaann
20 40 60 80 100 120

20/°
Fig. 2.8. Rietveld pattern for X-ray powder diffraction data of Ba3Y>0OsCl, showing the experimental
data (Red closed circles), calculated intensities (blue solid line) and difference pattern (light blue dots).
Black, green and purple tick marks denote calculated Bragg peak positions of tetragonal BazY>0sClo,

BaCO; and Y20, respectively. Copyright © 2021 American Chemical Society.’
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Fig. 2.9. Refined crystal structure of tetragonal (a) /4/mmm n = 2 Ruddlesden-Popper (RP) BazY20sClo,
(b) 14/mmm n = 2 RP Sr3Sc20sCl2 and (¢) P4/mmm n =1 RP Sr.ScO3Cl. Red, yellow, grey and white
spheres, light green and green polyhedra, stand for O, Cl, Sr, Ba, ScOs and YOs polyhedra, respectively.
The solid lines represent the unit cell. Displacement spheres are drawn at the 99% probability level.
The polyhedral volumes of YOs for BazY20sCla, ScOs for Sr3Sc20sCly and ScOs for Sr2ScOsCl are
3.4578(16) A3, 2.8071(12) A® and 2.758(4) A3, respectively. Copyright © 2021 American Chemical

Society.*
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Fig. 2.10. Arrhenius plots of total DC electrical conductivities o2, of (a) Ba;Y20sCl, (red closed
circles and solid line), (b) Sr3Sc205Cls (blue closed triangles and solid line), and (c¢) Sr2ScO3Cl (green
closed squares and solid line) in dry air. Activation energies for o2¢,; of BazY>0sCla, Sr3Sc20sCla
and Sr>ScO3Cl were 0.96(3), 1.32(6) and 1.34(10) eV, respectively. Copyright © 2021 American

Chemical Society.>
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Fig. 2.11. Oxygen partial pressure P(O,) dependence of the total DC electrical conductivity o2¢, of
(a) Ba3Y205Cl, at 702 °C (red closed circles and solid line), (b) Sr3Sc205Cl, at 702 °C (blue closed
triangles and solid line) and (¢) Sr2ScO3Cl at 708 °C (green closed squares and solid line). [B], [D] and

[F] denote the electrolyte domains. Copyright © 2021 American Chemical Society.>
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Tauc plots for the indirect band gap of Sr3Sc2OsCly (blue solid line). The two interceptions
of the straight lines on the energy axis give the values of E; — E}, and Eg + E},, where E;; and E, are
optical band gap and phonon energy, respectively.* The E, value was determined to be 5.6 eV by taking

the average of the two intercepts. Copyright © 2021 American Chemical Society.>
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Fig. 2.13. Arrhenius plots of bulk conductivities o/¢ of (a) BasY20sCl. (red closed circles and solid
line), (b) Sr3Sc20sCl> (blue closed triangles and solid line), and (c) Sr.ScOsCl (green closed squares
and solid line) in flowing dry N2 gas. Activation energies of BazY20sCly, Sr3Sc20sCl, and Sr2ScOsCl

were 0.69(7), 0.81(13) and 1.13(5) eV, respectively. Copyright © 2021 American Chemical Society.>
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Fig. 2.14. Typical complex impedance plane plots recorded in flowing dry N2 gas at (a) 650 °C for
Ba3Y»05Cla, (b) 500 °C for BasY205Cly, (¢) 700 °C for Sr3Sc205Cl, and (d) 700 °C for SroScOsCl. The
red line and black circles denote the fit to the data and experimental data, respectively. The equivalent

circuit used to model the impedance data is shown in Fig. 2.4. Copyright © 2021 American Chemical

Society.>
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Fig. 2.15. Arrhenius plots of the bulk conductivity (red closed circles and red solid line, 04¢) and
grain-boundary conductivity (blue closed triangles and blue solid line, aé“bc) in flowing dry N2 gas of

() BazY20sCly, (b) SraSc20sCl2 and (c) SroScOsCl. Error bars are smaller than the size of the symbols.

Copyright © 2021 American Chemical Society.>
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Fig. 2.16. Arrhenius plots of oxide-ion conductivities O'(l))zc—T of Ba3Y20sCl: (red closed circles and

solid line) and Sr3Sc2OsCl, (blue closed triangles and solid line). ngc_ was measured in electrolyte
domains. The activation energies of BazY>0sCl; in the temperature range from 435 to 702 °C were
1.490(9) eV. The activation energies of Sr3Sc20sCls in the temperature ranges from 702 to 854 °C and
from 538 to 702 °C were 1.94(9) and 1.73 eV, respectively. Copyright © 2021 American Chemical

Society.
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Fig. 2.17. Time dependence of DC current for 100 mV constant voltage in Ba3Y>0sCl, at 702 °C and

P(02) =4.4 x 1076 atm (red solid line). Copyright © 2021 American Chemical Society.>
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Fig. 2.18. Time dependence of DC current for 100 mV constant voltage in (a) Sr3Sc205Cl; (blue closed
triangles) and (b) Sr2ScO3Cl (green closed squares) at 700 °C in flowing dry N> gas. Copyright © 2021

American Chemical Society.>
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Fig. 2.19. Electron probe microscopic analysis (EPMA) of the cross-section for Ba;Y20sCl, after the
DC polarization measurements. (a—d) EPMA measurements of (a) Cl, (b) O, (c¢) Ba and (d) Y. (e) The

profiles of different elements for Ba,,Y,0/Cl,. Copyright © 2021 American Chemical Society.>
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Fig. 2.20. Energy profiles of (a, b) oxide-ion and (c) chloride-ion migrations, and (d, ) oxide-ion
migration paths, and (f) chloride-ion migration path in Ba3Y>0OsCl, obtained by the DFT calculations.
(g, h) Bond-valence-based energy landscapes (blue isosurfaces) for a test oxide ion in BazY>0sCl, at
the isosurface level of 2.67 eV. Crystal structure of Ba3Y>0sCl, viewed (d, g) along the ¢ axis (0.0 <x
<1.0;0.0<y<1.0;0.55<z<0.6) and (e, h) along the a axis (0.0 <x<1.0;00<y<1.0;04<z<
0.6). The black solid lines represent the unit cell. Red, green, white and yellow sphere denote the O, Y,

Ba and Cl atoms, respectively. Green polyhedra denote the YOs. Yellow arrows denote diffusion



pathways of the oxide ion. Copyright © 2021 American Chemical Society.>

Fig. 2.21. Crystal structures and bond-valence-based energy landscapes for an oxide ion with blue
isosurfaces at 3.52 eV viewed (a) along the ¢ axis and (b) along the b axis (0.25 <x<2.25;0.25<y<
2.25;0.0749 <z <0.235) of SraScOsCl. Crystal structures and bond-valence-based energy landscapes
for an oxide-ion with blue isosurfaces at 2.58 eV viewed (c) along the ¢ axis and (d) along the a axis
(—0.5<x<1.5;,-05<y<1.5; 0.4 <z<0.6) of Sr3Sc205Cl,. Crystal structures and bond-valence-
based energy landscapes for an oxide-ion with blue isosurfaces at 2.67 eV viewed (e) along the c axis
and (f) along the a axis (—0.5 <x <1.5; -0.5<y <1.5; 0.4 <z <0.6) of Ba3Y205Cl,. The black solid
lines represent the unit cell. Red, grey and white ellipsoids, light green polyhedron and green
polyhedron, stand for O, Sr, Ba, ScOs and YOs, respectively. Thermal ellipsoids are drawn at the 99%

probability level. Copyright © 2021 American Chemical Society.>
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Refined crystal parameters, bond valence sum (BVS) and reliability factors in the Rietveld

analyses of Sr3Sc205Cl,.¢

Site

X y z Uiso (A2) BVS

Atom label

Srl 0 0 0 0.0208(2) 1.18
Sr2 0 0 0.159230(15) 0.01182(12) 2.15
Sc 0 0 0.41655(3) 0.0057(2) 3.11
o1 0.5 0 0.09389(6) 0.0152(5) 1.87
02 0 0 0.5 0.0187(11) 1.93
Cl 0 0 0.29425 (4) 0.0157(3) 1.13

“Crystal system: tetragonal, space group: I4/mmm, lattice parameters: a = 4.107590(13) A, ¢ =
23.58485(7) A, Rwp=0.1022, Rg = 0.0418, and Rr= 0.0289. *Isotropic atomic displacement parameter.

Copyright © 2021 American Chemical Society.>

59 / 67



Refined crystal parameters, bond valence sum (BVS) and reliability factors in the Rietveld

analyses of Sr2ScO3CL.*

Site

X y z Uiso (A?)? BVS

Atom label

Srl 0.25 0.25 0.09508(2) 0.00922(13) 1.50
Sr2 0.25 0.25 0.34853(3) 0.00859(15) 2.12
Sc 0.75 0.75 0.21473(5) 0.0065(3) 3.15
O1 0.75 0.25 0.23523(9) 0.0117(5) 1.97
02 0.75 0.75 0.07646(15) 0.0132(7) 1.70
Cl 0.75 0.75 0.42582(7) 0.0132(3) 1.14

“Crystal system: tetragonal, space group: P4/nmm, lattice parameters: a = 4.081376(12) A, ¢ =
14.08987(4) A, Rwp=0.0937, R =0.0351, and Rr=0.0262. *Isotropic atomic displacement parameter.

Copyright © 2021 American Chemical Society.>
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Refined crystal parameters, bond valence sum (BVS) and reliability factors in the Rietveld

analyses of Ba3Y20sCl.“

Site

X y z Uiso (A?)? BVS
Atom label

Bal 0 0 0 0.0259(3) 1.08
Ba2 0 0 0.16292(2) 0.0143(16) 1.98
Y 05 05 0.08483(2) 0.0046(2) 3.29
01 05 0 0.09355(13) 0.0213(10) 1.81
02 0.5 0 0 0.026(3) 1.96
cl 05 05 0.20439(8) 0.0141(5) 1.20

“Crystal system: tetragonal, space group: I4/mmm, lattice parameters: a = 4.415582(17) A, ¢ =
24.84521(11) A, Rwp, = 0.0785, Rg = 0.0379, and Rr = 0.0296. ’Isotropic atomic displacement
parameter.

Copyright © 2021 American Chemical Society.>
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