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W, H—Rr=a— I NVOEBICANT T, KREEZFERVAEEZFALLAEZOER RS TBY . KB xL
F—lZ LD EBr Iy v a VOKBEAERFEIFDRD TS, RIS HERS L 7= OLmEMm) ISRk E B35
AT BET - TAEFIA LI BB FKRS L, 7V = OKFEEERT D FIEE L TERSN TS, —H T,
TEMEICEE (BRERAF ) 0T COKSRE BT 5 BRSNS . KR AX I Lo CTEA R AL
)= NTKEERERTEL 200, BRICEE2ED TV D, TASKSRICIEORIEIL, B (I Y — ) KMo
IKFARIZE, BBIL (7 /7 — F) KM OEFRAER OKOEL) 230378 0 BWSIR T, KOMORERER L 2o TWnNAHZ L
Thd, TOD, KOBILEEITT 2 NHEMm BT/ — F) KEMAME (7 /7 — F) OFRICERNETORTWS, Aif
T, BT b E L) T /) — RICHWIZKOBEREBE LT, B ot 07 & FIEA LIZERT =4 (LAWY
T, B—DOT =4 inbRABILH 7 AL R S W R E 2R, LinL, 7 v BOORRER ENDLEET v
(LM OERIEIZRHNTHEY | KOG S H OB D70, 207, BT At EFIA LI #ii- ek okl
FROWFE L Z ORI RO HIL TN D,

A SCIFim e fma &niz, &5 B CHR SRS, H 1 ECEHAMIEOER L ZOHMIC O W TR, 52 T,
Pb-Ti &L 7 (b4 PoTiaOsaF 12 T/ — RIS K DKDBLICEREZ Y Tle, ZOM7 vikhid7 v FEe G frn a7l
OFEHEEZ L 5 Z LT, BRIV FE Y o 7AVNE e | AR E RN CE B, A CIE -1 13 HER 2p HUE D
25728, PbyTipOs4F I IARE N KD NEEILICK L THEETH D, L, EEOWEENEEICHE L7 PbTiOs4F Y
77— Rk, tho—#a07e YT/ — RMEHZ A, RVEEF LAV S 2o Tz, EARBEBE O 21X, PbyTi0s4F, » DARKD
BAEBOSIEIZBR B TER Y | RS IR & < | BRI FICHERS U 72 BR ORI RS B T, HERE L 72k 1 — Fop )
OEFENENZ LIZRRT D, 2070, A8l K1 E 808 4R FER FICHERE© & 28 iRE95% VT PbyTi0s4F 1, 67
J—= RERIU T, RiFREEET ) — FIZBEF O FIETHER L7 b O TRWIEETR 278 L, 8@ BBt ki
HE LT, &b, ZORTFEREELT / — FZ2 AW T, PbyTih0s4F 2 DKDERLIEIEIZ 31T % HIFREE K & e & S L 2R E
K2R REIC L o THBMZ LTz, ZOE7 vk & R A E CONAER LI-BHOHMBENZENR FThHY ., 2D
N S 572 B7EMER EICEETH S Z ERbhroT-,

% 3 W ClE. Pb-Fe Rl v b4 PbFeO.F 12 L D ERLFM. BXRULFERKDEEIZOWTHERE Y Tz, Aiikd X 9
12, PbyTiy0s4F 12 67/ — RILAHHAISE T 228, ZOWIUL 500nm £ TOR S -FEIHICE 8 %5, —FH T, PbFeOF
600 nm IZHUUHEE BB, S BITRIEO REEEFIATE 267 7/ — ikt E UTHIFE L7z, EBRIZ, 600 nm F TORIEIEIC
JEE L, MR EREZ R Lz, AT, B COBEBRERE CROMBLAZ R T AW AR L, AL L WEm
filifi: & L C % PbFeO.F IHIEM AR Z L3y o7c, AL PbFeOF (& £ D Fe fAEMS & LTlIW-E X2 b5,

W4 TETIL, FEROBBMBICER L, JBIRT T 2B A R PbsFe,0sF, 12 & 5 ERALFIIKDIRIGICHE S % S T, JEik
{EEMIIHEMEE DR FHEIC LY | B OLEMDIR S ROVRRZYME RT3 H 0 | EIRAEE2 KOBRLIEED M 1
WZFH5T 2 MR LT, fERE LT, RUILHETHRINDEEM 07 251 b PbFeOF (2T, BRArTAHA b
PbiFe,OsF, 1K ORLIEERS KIEIZ A L7z, BRUILFRE LY ¥ 7 74 VEB—va ek b, KOBIEHEOR ik,
PbsFe,0sF, KL 1 DOFEE J7 e ~D G dh k& & EAUTHE © (0k0)FE S OB H KT 2 Z L Wbh oz, H—HBEEFHEIZ X
> TREDFEHIIZIIT A KOBILOBETLZFHE LI L 2 A, PbiFe,0sF, O (060)ifi (k= 6) 1%, PbFeOF Tix H K\ Vil
FEZ7R L (100)EICHESCHEENMELS . ZOBHE O KOBIIEER ICHHE L TNWD Z ERP LN ERoT,

%5 TR, AR LOMEREE E LD, SHOBEIZOVWTIHRA, 7/ — R, EBMENTICBWNT, Faairl L
LAY REEOREIEEEZ L D2 L &AL L, ZHUC K W KOBMEIEEZH ESE2 Z R TE L, &b, BVER
FEPEEEIC LY, 7oV IEMHEOET AN FEGEICIZEA DLW T vy EORHER, BWEEICLHFSGTDHZ LN
TRENTZ, COBRALFEEEOBBRE L HICINLOMENAKIETHL N E 2o T,

8%« FSCEEIE, T 2000 52 & JE3C 300 §E& LR ORMT 50y, b L<IEIIL 800 Fz 1R LT 7230,
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Recently, photoelectrochemical and electrochemical water splitting have attracted attention as sustainable ways to
generate hydrogen with a renewable energy. Water oxidation, which is a half reaction in the water splitting, has multiple
elementary reaction steps and is very sluggish process comparing to the other hydrogen evolution half reaction. Therefore,
the development of a photoanode and an anode electrocatalyst for the water oxidation aims at realizing more efficient water
splitting for an industrial application in the future. In this study, the author constructed water oxidation systems using
oxyfluorides as (photo)anode materials.

In the Chapter 1, the importance and the aim of this study were described in terms of photoelectrochemistry and
electrochemistry.

In the Chapter 2, the particle transfer (PT) method was applied to preparation of a lead-titanium oxyfluoride
Pb2Ti205.4F 12 photoanode, which can absorb visible light, to enhance photocurrent for the water oxidation by improving
electrode conductivity. Indeed, the PT method photoanode showed a superior activity for water oxidation to a conventional
method used in previous reports. In addition, the rate-determining step of the photocurrent was investigated to get insight
for further enhancement of the activity by combination of some kinds of electrochemical measurements.

In the Chapter 3, it was found that a lead-iron oxyfluoride PbFeOzF not only functioned as a photoanode that can utilize
a wider range of visible light than the Pb2Ti20s.4F1.2, but also showed an activity as an electrocatalyst for water oxidation
that does not need light irradiation.

In the Chapter 4, another lead-iron oxyfluoride PbsFe2OsF2 with a layered perovskite structure showed enhanced water
oxidation activity as an electrocatalyst compared to the PbFeO2F with the cubic perovskite structure. The superior activity
of PbsFe20sF2 was attributed to larger exposed area of particular crystal facets along with the different crystal structure from
PbFeOzF, as revealed by electrochemical measurements and first principles calculations.

In the Chapter 5, the thesis was summarized, and future perspectives of this study were described.
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