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AL, BALA A4 L0 b A A PEROKRE WA 42 &Gk L It A 4 B8 & G
Y BHERFTEITV. REOEM., 4 A AREEORIE, X B L OHPE RPN X A ST, 5Nk

FR(DFTHI IS HER ENG | BB LA 4 AE RS REBEEME R AT 5 L L bic, TOBLYA
T ANREE LA E OB AERAS NI LTI E E L O b D TH D, Kiw T (b1 4 AR RS
BEAH (L ORGEREE) CHEL, 24FETHREIN TV,

BA1ETIEH, AFREOE R L BIIZONWTRRLTWD, B A A AERE IS D E T & EEMIZ OV Tk
Nz BT, FRTARIR TEWEME A A AR B EZ R OB RO 5T D Z &2~ TV 5, BEEDHIIE DR
EAEEHL, KECTEWBIEY A 4 U MREE 2RI ME 2 RBZT D 70ICEA T =4 b & (&R ERE (L Y)
WHEETH ERETLL TN D, EHICERBED OB OWTIRRTWD, Bk A 4 L0 b A4
VEROREZNWEAA AU R ELSRBEA D, AR A A AREEOEMTH DI H DL LT, B
FEMFR EATON TORWIBIAWRETER 2 o2 L 23 L7125 X TARIFED B EZ RT3,

B2 ETIE, BIEMAAT L BLOERBA AN HEE EBILMA 4 o BEEEHAG DY
Ruddlesden—Popper(RP)fH BasY205Clz2, Sr3Sc20sCl2, Sr2ScOsCl 23, 4RI LY CHI & 72 DLW A A L fmiE
WERTHMETHL LR AM L, A A MREREEZP LN LRIV TR ETWD, W< 2220 RP
SRBEAYIE RP Bt L0 b AREEL IO THEEPKE <. VBt~ 4 88 E L2 R 2 LB H)
HFEIND EHRFEL WD, BEMEEIGETAR LT7- BasY205Cl2, SraSc20sCl2, Sr2ScOsCl D L it 43 Hiill BV IV CTE
FBIEHIARHCBIRMEN —EThoT1- 2 b, A AUV RENRIBEINT ERRTNWD, T2, BEROHBRIER D
BasY20sCl2 I DWW CHELM~YA 70T F I A P =41 LY. R TOMBTHELH IO L TND I Db,
A2 OBHGTRB 72 WA A oAb A A ABER R E TV RN T EEZRIBL TS, X 51T, BasY20sCl,
Sr3Sc205Clz, Sr2ScOsCl 1L, EERLEENEERE LI ERIE L2 WEMREEREZ G T D2 L, IRV RF
Yy TS TCVDEDT, B RESCHK—NMEEDOFGN/ NI & ZRE L TW5, DFT #H» DY A A
UIRERT AR O R VX —EEE Y B A A BT DO R VX —EEEL D LI E LIS MNITL
TWb, LA EoEE & FHEFER LY BasY205Clz, Sr3Sc20s5Clo, Sr2ScOsCl 1B W T TEERMRE X v U 7 IXBR{bw
AF L THDLZEIRENTZEFHETND, DFT FHED S BasY20sClo OER{L#)A A 13 FIT-01-O1-1 k., &
512-02-01-02-F K& LT YOs WMAHEOREIZIH > TY-0 % —EIZR B RS IRITTMIZIERT 5 2 &
O LTWS, ZZTO1IE= 27 7 bV 7 /(equatorial: FREHE ED)EEETH Y . 02 1LTE,5 (apical: TH )
FThHD, FHHEB L OFER) L5 LI BasY20sClz (235 1) DB LW A A L B8O = 3L X —[EEERS X O A
A AREE IR T DAL = RV X —1X, E T T ADOEW A A MARE(R Lao.eSro.1Gao.esMgo.osOs-slZ PEFELT 5
FEENZIWVETHY, LaGaOs RE(W) A A ARER L [AkR, LKA EZ TxF Yy VT E2EATHZ LT, RP
& JRERIEA M OB A F MAERENA B2 S D Lk RT3,

53 E T, LA Ao b7 B8 & B A A AmEE A DR T RSB L A T o AmEE R
&R 2 TR LTFRIZ 0T LTV D, 3B 2 BEFERSIE TER L. EREsS TER L ORiA v B
— U AJEIZ L O RIbA A ABEE R RIE L, RSB A 4 o ARE B A R L X BT ) T &
AT D& THRILIA A AMEBENA LT AEELZPEL NI L TWE, BRI L7 KR TR OB LY
AFMNRERI Y b EVMEZ RTHEERMETH D LR _TW5A, SR THIE L-h i RET — % & A -
BEABEMEAT & e K= > b r B —EE WP EELE B EMRST, AR T SW-T XA b D= v
X—3HE, B FES TRV FREHEICL Y, BIEWA A DN RTINS T 2 2 L AR LTV, SHITHA
L= S b A A AENE @R A BRI L X, 8\ BESE /0 E#FE TR O TRV MBS - BRMEENEE
R &, IMBEEHR E CO2HP T TEVMEEMZENEZ R T Z EZHLNI LTS, FllEiib 1 4
R & BRI ALY O @ OEE A T MG E & @B - BRIEENE S, RIETOE MR E R LY
PREVEM OB IZ o7’ B LW &N D Lk RT3,

FBAETIT, HBIEE TERIE L., AIEON BT R OFSEREZICHOWTHIRRTW A,

INEET BT, K LIEA 4 2ETHiaE L A 4 M8 A AEbE AREHREIC LY . X
U TORI) A A AMAEERBE A, BEFORBIEDA 48R0 b EVEEEZ oMl 2 L, £
DOMEHZBIT 24 A MERECA I = AL EZHLNI LTV D,

% FSCEEE I, FA3C 2000 F° & JE3C 300 384 1 #3To8HT 25, & L<ITTEL 800 354 1 HifRM L T<7Zauy,
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The present thesis is entitled, “Structural design of high oxide-ion conducting layered oxychlorides”
and consists of four chapters. Oxide-ion conductors have attracted much attention for their energy
applications such as solid oxide fuel cells (SOFCs) and solid oxide electrocatalysis cells (SOECs).
Crucial to the developments of these applications is the discovery of a class of oxide-ion conductors.
Chapter 1 describes the background and purpose of this research. Chapter 2 describes
Ruddlesden-Popper (RP) phases Ba3;Y:0sCly, Sr3Sc,OsCl,, and Sr,ScOsCl as first examples of
oxide-ion conductors based on metal oxychlorides. The crystal structure of these materials consists of
insulating chloride-ion layers and oxide-ion conductive slabs. The predominant conducting species in
BasY,0s5Cl,, Sr3Sc,0sCl,, and SrScO;Cl is strongly suggested to be oxide ion by direct-current (DC)
polarization measurements, electrolyte domains observed in the oxygen partial pressure dependence of
DC electrical conductivities at constant temperatures, and wide optical band gaps. DFT calculations of
BasY,0sCl, show a lower energy barrier for oxide-ion migration than that for chloride-ion migration,
which supports the oxide-ion conduction. Chapter 3 describes the discovery of new high oxide-ion
conductors based on layered oxychlorides. The crystal structure of these materials also consists of
insulating chloride ion layers and oxide ion conducting slabs. The bulk conductivity of the new
oxide-ion conductor is higher than those of the leading oxide ion conductors at low temperatures.
Furthermore, this oxychloride exhibits extremely high chemical and electrical stability. The
maximum-entropy method analysis of neutron diffraction data and ab initio molecular dynamics
simulations indicate that the oxide ions of this material migrate two-dimensionally in the slab. Chapter
3 also discusses the oxide-ion diffusion mechanism and origin of high conductivity. Chapter 4
summaries the results and discussion of this thesis and discusses future prospects.
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