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We investigated the defect structures and the ionic conduction mechanism in
Na- and K-doped carbonate apatite by first-principles calculations. It was revealed that there is a
vacancy at the oxygen site in phosphorous ion by substituting with carbonate ion. First-principles
molecular dynamics was also performed from the initial structure based on the above defect
structure, hydroxide ion was moved to the vacancy generated by carbonate ion. As a result, other
hydroxide ions were widely distributed on the c-axis. It is suggested that the migration and
broadening of the distribution of hydroxide ions contribute to ionic conduction in the carbonate
apatite.



B X C—19, F—19—1, Z2—19 (@)
1. WFEBRAE 4O 5

AR 72 = L X1 E BEOHINC X 0 KEBE R BRGSO E B R OIENEA TS, =
NH DT F )L — « BBEIRE O fRIIC, T R X — W RO 3O E IR L TR i (SOFC)
IFEEREE 2 K723, SOFCIZI3A A v 28 S HHBEEREMENLETHY, [REHME
ELTA Y N T U TRET NV A=T SR T Z o — ERARL LN TWS., TD X9
RERERE O E LR, ERMEICTHEA R A Fu X734 A | (Hydroxyapatite,
HAp) % fRIE(CO3) T—HiiE i L 72 K. 7 73 # A I (Carbonated Apatite, CAp) 23 #t 75 4172[1]. HAp
Z Na BLONCOs T—EBEHL U727 R U o AUSHIIREE T /3% A KX 700°CT 102 S/em & Hifghy
FWE LA A MR8 E 2R T (K1), ZOMIXYSZ L TH 1 HFEE LvEN72 <, Na
WINIREE T 732 A M ix CAp DIFFET—IRANCHW SN AL TH 5720, IRINTHEDOEELR
ElZL VoA A MEEEOR ERfFTE S, F72, CAp 1ZEEA A =7 ZADBLEND
HHEEEVVIE CTHSH. CAp LRIUHEEZFRFOT L Z V) r— T Z Ty —vFR— |k
X7 8 A MR A A AR E LTS, 1995 FED3E RLSKIA S BN T C& 72
[2].

INOO—HDT NE A MU A F ARG, K 2@ T L9 RiEEE A L TR
FRIBENA T AREIZTFE L TS T ERHERM SN TND[34]. LR s, X 20b)0IRT
K OITIRIET /352 A NI IR IIFER T, W POs YA MZ COs 2VEHL L 72k KB
DHEET D, IREET N2 A MEIT RXZ A MEETIXINE THER I TV RO ZEFEMEIC LD
AL A A ANRET 2 DTEA 5 7 ? PRFRZEALOM TR Z BB L, DI Na DR L ED
7oA A NRERA T = XL DA L~V TOANA R S D

2. WROBEH

HAp BXONCAp A A ik L LTIEH L TV 720I21E, ZOEEA D =X L5 H)
WL, AT MEEER LT ORRFHEH B L Z LM ETH S, £ 2 TR CIIE —JHEl
AEAEHWT, CAp TORIEIA AL DIGERA = AL E R LV TFEAT L2 2L
T 5.

3. WFED I

AT DIRERA T = XL EFTRDT20I21E, BERMGREEL L M8 X v V72 RET S
VENDH D, FHFEHEZ O TER LTV TH D CaNai(POs)s(CO3)1(OH): 8 LY
CagNai(PO4)s(CO3)10 H1D COs * Na DL ERLE ZHEFRT 5. [RIRFICEER ZE L0k T-RIRFE 2OV
THRHEIT). ZNHOHAEDEE, MASDOEEBICLVEEO X — U BIERERD, HiE
7t IR L 70 %, 22 T2 7 A —REASCHEREFFIC L ARG TR EATEHA LT, 2%
BHNZH TV T HITD, FHRa A NEMZ D, TOHK, BRT RLX—% RO TRRFBZEL - K
TR O EREZFH N T 5.

B ON T REMBESCHER ERE, S OICRMBOBCEERE 2 BRI A A A8 R 2 HEET 5.
F7, B FHES FENRHEMD) & O TR A A OISR R J OVEBR R &2 i 5.
14T L C Nudged Elastic Band (NEB)/: % WV CIEM (L= R VX — 2 HHT 5 Z & C, 4 454
EXBLT AMEREEREL, MEA D= LEHLNT D

4. WF7EE R

NA RaFTTNEA RO Ix1x2 A—
PN— /L ZERL L, Na & REEOEEIZS
WCHERER 7288 — JRBRE L 21T o 7o fb
B, BONTHEE KGO R EMRE X
1(OIZ&RT. Na &KEEIX HAp HCT&
AL TWBZENbhrotz. MNE LTz
s LY Na O KBatEiE & D= R ¥ —
SENE, AT RAE—110.10eV & EH
STz, 72, U UEBEY A b oMNE KRN
BEIREENERRTDHZ LT, O A1 M
TBRNFETDHZ ENbho7=. K 122
WTHAREIC OV TR 72 5 —F
S A EM L7 FEE, Na EREEIC K Lhe K 1. @ A RrFs 7874 FOff k.
BEA T R LIEHB KIRE DIV, () 45— FEaSIC L 0 B 57 Na RIS
ZORETFAF—(F0.13eV L2072, . o

ERo X i LTELN g E e TN A P ORERIE

WA A2 MERR L C— RE 1 8h )5

% 32hi U7z, R By TEN ) ISR b A A O BRREEIEBUT R S o 72 K212 1000
K COSTENIFHANBHEONT-BEOSMEEOEEmZ 3. V@b 0 1 ho
ZERANIIE I b IESE DA D HER ST, R T OB 2 AT L 7- 4558, 24U c S5l A s
OH A A UVICHETHHEDTHD Z ENbhoT-. ZOFERIE, c i Fmcif A7z OH A 41
RIENELDHZ L EZEWT 5. £/, BRI HAp OB FEFEMER L Ol S, OH A




AKX G ANZ IR AT 5 Z & Db
Sl ZORRIE, FafdE Sz 7 R4
A NUBRLA A ARERF O c #ih T O
[EEHRE & T JE L7, [REET SZ A T
b, UV A MIRERDERT 52 8T
O YA FOZERMNAERKR L, FDZERIZ OH
A G BEN LT OH A A4 28 c lili 7 1h)1c
IR 30T D Z N, A A AREICEFES
DI ENTREE N,
FROSTENIFHEICLEBEL &
WIKKE DO EDOFRERICHESE, OH 2
Fie 38 RIBNLE ~FEE) L 72 B O 1 & B 4%
Bz, i O 2 506 L, OH 23
BE) LB OXRMEEO =R V¥ — %K
HL7Z. ZhbozxArX—3Fnth
(2)0.18 eV(b)0.92 eV(c)1.31eV & 72> T\
2. I D OREE D B E RS A &%
25 E@BLOVOEEEZEE Lz SARN
i & LCHEIT oD, PR SR &G
L, EHBEHLHEOBE = x VX —2 R L
TAEE 1.33eV &7 o7, ZOfHITFERM
L, AEEE L REBEERICEZ VAT
T2 ZEBRZ R LT E S AN A A MRE
ICEFEE L TWD I ERRBEEND.

B 2. &S B R R T ORRSE O 43R
BEOSAEME (0.3/4). BFEEANETHD
IRREIZ bR DO MR STz,



3 0 2

Kazuki Shitara, Takafumi Yamamoto, Hiroshi Kageyama, Hiroki Moriwake, Akihide Kuwabara

Site Selectivity of Hydride lons in Hexagonal BaVO3-xHx: A First-Principles Analysis

PACRIM 13

2019

Kazuki Shitara, Takafumi Yamamoto, Hiroshi Kageyama, Hiroki Moriwake, Akihide Kuwabara

First-Principles Study and Descriptor Selection of Site Preference of Hydride Anions in Hexagonal BaVO3-xHx

MRM2019

2019

Na

2019

2019




