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ARG, REWAREERIBELZFONT~<a 7 2h 4 b BEEEEY) BasNbyMoOy D Nb % Cr
Mo T iEe L 72 5WE o &6k, A - Wk RE oS-l P+ BT 7 — 2 % B o 72 4G S i
b, BRI HAIMD) Y 2 2L — 2 3 Y RITW, BWRENE & A 4 VB % b O Fht
BlaREA L, 204 F Vv EEELFEREEOMFREHO L IC LR EZ I Db DTHE, T
T, Ba;NbsMoOy D ffi it ld, Ba & O THREICIHE BaO; J8 & —HEFE S KB L 72 BaO, &, & X
U"Nb & Mo THEK S N Tk D, BaO, B OAE W n iR KIBJE (cTE)TH %, ALt [BasNbyMoOy
FMRIOFRR & “BIRE N L 2@8EEA & A EERE] CEL, RNETHEEINTw S,

B8 [Jriml i, BeWA 4 v 8k, e b vEEK TaTA4F v @A A v+T7m
P MEREEROBHEDOMEICOVWTE LD T WD, TNETOA 4 VIREHRICET 2 ORER %
L. AWIECHE L T3 EEFICOWTRH L TWw3, 72, BayNbsMoOs LM EHT BT 5 4 F

DHMZIBRT W3,

%% [BasNbsMoOay ZMEID Crf" F —v v 7 I X 2Bt A4 A v imEEm B 7 a b ARERE
DINH] | Tix. BasNbyMoOyy ICF1F 5 Nb O % Cr ICE# L 72k 2 G E L. R E T 2
LA A vinBERFEL, 7u b AEESIH XN &2 R L, K% ks S T
IZ X o CREI A A v DILEEREIE O I L7z 2 & 2R Tw %, fEK BasNbs .CruMoO20a(x =0,
0.05, 0.1, 0.15, 0.2, 0.25, 0.35, 0.5)D 5 b, K5 Thx d EFPUNG T35 THIE L 2 EiEREEE 2 &
WA BasNbs sCroaMoOao 1 (2. BasNbsMoOoo & Y FEAL) A A VAREE 2 500 °C T 3.7 f5mwi e %
ALTW3, ZEREESERAS L EESERR T ICE T % BaNbs;sCroaMoOx, DB E AILSERE DD /N X
< . BajNbsyMoOy I b X T BajNbsgCroaMoOz; P 7a b v $ﬁ$ BEWZ 2L, IPE
BasNbs sCrooMoOy T7 0 F VEERIHI N T bR Tw 2, EiRTETFETFT — 22wz

Y — kv MM RRT v b v —iEE O 7 e EGEL R B AT IC X > T BayNbs sCro 2MoOa
ICBEWT, JETHBY A A v HBHERR RIS IC X > C o RITIILE L TH 0 . PN IC X - T
SEHEI N Cr 25 6 iT TEFHTICHEREL TWB LR T W3, SNi~<u 72k 4 +BEEE Y
Ba;NbsMoOy ~D Cr¥" F—v v 7 X 0| FIRFICHEILIIA A visEE%m EXd, 7v b v{nE%
i X 2 72 & fEFRAT v B,

B [N xu 72k A4 FEREEER{LYICE T 2 BEE N L BEE A AR O 177 R B
TlL. BasNbsMoOy IZ BT 5 Nb D—E% Mo ICiEH L f:%ﬁ%fﬁ BayNbsMo01+:O0204x2 MEIOERK. &
R - WEEREE . REERS RRSEMNT. AIMD ¥ a2l —vavBIUOA A4 v OB IcoWwT
RT3, FHAL BayNbs Mo14:020-00(x = 0, 0.02, 0.04, 0.06, 0.08, 0.1, 0.12, 0.14, 0.16, 0.18, 0.2, 0.22,
025 03)D &AM & EBAMWFFE DM % T, KA T d EiRERDEE 2 & R
Ba/Nb3; sM0120201 TH B Z & #FHE L7z &b~ T3, BajNbssMoi 20001 (TFZIEESFZHRIC BT 3 EFR
BAUREE 2 302°C & 603°C CTHEFR 7 HEITRE L e Wil 23 A < . FERIEWEMIC X 2B HIE
Tl FZREHKICE T 3P4 F+ v DRI 597-903°C T 1 1TV 2 &5, WHEEHA TR
AL A F VARER LN TH 5 Ll RT3, KA v =X v ZHEEIC L » T, HZIEFHAIC
B 5N 7 REEIIBEFE OB A A VARER X D & AR I, FRICKIRICE T 5Ly
AFVCEERECEESS 2 bidTw3, Ibic, WA A v 7ot voTFaTrity
{f\‘é’;’g b BEED FTaTNA A ViR XD %b‘ LiIRRTWn 3, Ba;Nbz sMo0120201 IZ 2 W T, %(Eltplli%i‘
—2FHOZ) = PRV MR ERRKD Y e —EIC X 3R ETEELREEMRITIC X o T, &
TP A F v DSUERS TG ROTICIEE L T Wb 2 L 2R LT3, £72. AIMD ¥ 3 =
L—v 3 VICX ) BEIETEE Z 3~ (Nb/Mo),0s &, (Nb/Mo)Os HEM, (Nb/Mo)O4 MU {4
AR - T B LI X VA A v S EEEEE L T3 LIBT3, BaNbsMoOy #H
BRI CATT=a 7204 +BE#EBR Y22 E UItE TR X 1T 5 BasMoNbOgs & 0 Wik
LT AN F—ZEFEOTERICONWT, fBEZIKA TS Ba & Nb/Mo DFEEENE <. ZT ¢ J8ICHEAE
LTCWBBEOBRIDVRL, BOBMARE VI LICERNL TS LHLETWS, $7-. AIMD &
Sal—YavickoT, KL Ba;Nbs sMo10201 Tld. A= /N e Lfﬁ%gﬁiﬁ%(h E)f




BEIL T3 eZHLPICLZERRTWE, BOBEIA A VEEE, S e b vE S
FaT N4 F MREE NS BajNb3gM0120201 ZFHR L. 2=— 7 BRIP4 + VILEsEE L 7' a
b UIRECICEE T 28T L WHIR 22 SRR v B,

FIUE [HRIE] Tk, FoR2LE "HoMERE T Lo, AFICE T 2 MERM T & fFREHIC
DVTIRRT WS, KL TEWEBEIA A+ VEEE, S e b VEEE ST a7 44y
{RIEFE % /R T3 BasNbaMoOy ZMEIZ FH R L. BuA F v mEEELZHO 21 Lz 2 &3, Bt
YA A GEE, T a b EER, BT 2T A F VEERORE L T2 RE X ¢ 2 LR
ANz LEBRRTNE,

INEETZIC, KL TIEEWA + VEEEZ/RTHHE BaNbsMoO, ZMEIZFHKRA L= LT
Iz, & EERT PR RIC X o TA A VEEE#ZHL 2ICT 5 2 8T, B0 F v/ {nE
ErxRTHRLZHLPICLTWS, D EoRiz, BEZEEEMT 2L AP KEL, Lo THREX
i, EEES) @ E LT IMifErd 2 b DL #ED 3,
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This dissertation, entitled, “Discovery of BajNbsMoOy-based materials and ultrafast ion conduction
mechanism via dimers” consists of four chapters.

In Chapter 1, “Introduction”, previous researches on oxide-ion conductors, proton conductors, and dual-ion
(oxide ion & proton) conductors are summarized, and the backgrounds and purposes of the present researches
were explained.

In Chapter 2, “Improved oxide-ion and lower proton conduction of hexagonal perovskite-related oxides based
on Ba;NbsMoOy by Cr®" doping”, researches on Cr-doped Ba;NbsMoO, are summarized. Through the
syntheses and electrical conductivity measurements of new materials BasNbs.Cr,M0oO2g+2 (x = 0.05 ~ 0.5), it
was found that Ba7Nb; §Cro2Mo0QO20.1-5 (6 : amount of oxygen deficiency) exhibits higher oxide-ion conductivity
in static air and lower proton transport number under wet conditions compared to Ba;NbsMoO»g. Therefore, the
oxide-ion conductivity and suppression of proton conductivity are simultaneously improved by the Cr doping.
Maximum entropy method analysis of neutron diffraction data has shown that oxide ions two-dimensionally
migrate through the lattice O1 and interstitial OS5 sites in the oxygen-deficient ¢’ layer via the interstitialcy
diffusion mechanism, which enables the high oxide-ion conduction.

The Chapter 3, “Dimer-mediated cooperative mechanism of ultrafast-ion conduction in hexagonal
perovskite-related oxides,” summarizes research on Ba;Nb4,Mo1+.Oz0+x2 materials with excess Mo. In this
research, the new material Ba;Nbs sMo12020.1 was found to exhibit highest total conductivity among Ba;Nb4-
MO1+:O20+x2 (x = 0 ~ 0.3). BasNbz sMo01.2020.1 shows high oxide-ion and proton conductivity, high chemical,
and electrical stability. Ab initio molecular dynamics (AIMD) simulations and neutron-diffraction studies of
BasNbs sMoi1 20201 indicated that the excess oxygen atoms are incorporated by the formation of both 5-fold
coordinated (Nb/Mo)Os monomer and its (Nb/Mo),Oy dimer with a corner-sharing oxygen atom and that the
breaking and reforming of the dimers lead to the high oxide-ion conduction in the oxygen-deficient BaO,; ¢’
layer. AIMD simulations also showed that high proton conduction can be attributed to proton migration in the
hexagonal close-packed BaOj layers of Ba;Nbz sMoi2020.1.

In Chapter 4, “Summary,” the research results described in the Chapters 1, 2 and 3 are summarized and the

prospects are explained.
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