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Thesis Summary (approx.2000 Japanese Characters )

AR XA X —2 AW TKZELE D 7o 2AOMEIL, R nlie/kELEE2MmT 5 E
TRMNT Z LRk, ZO—flL LT, K6 R ESERDIET R F—2 A 5HIF
AT 2HIENRZRT b0, ZOX D RBARRTRALFX —Th D KEtE AW TKELERTD
FiE & LT, RSB A WK OSBRSSO PER STV D, REUGIE, RO,
WA & B b F DR & JEE, R OEEROREITEE L 72 % ORLIE TSN D, & T
DS EFNENC D72 D3> TN D T2, SIEHELD 72 DIZITNT IO FEEE & LI T S
DREND D, FHCEFRLEILAREICEEL THLOKIGHERIT, KFEEMELERT 5%
HEBECEAT DO EETH D, FEASABEO SRS Z BT 5 &0 S Bl T AR
— AN F O SIS OIEME R Z TR T 5 2 TS T 5, SMBERISICR W TIX, FrcE o

(Z B AEE & S BIRRTEMER & LTI < T/ MBI ZBAT 2 L0 ) FIEBIRS N TET,
FAETIE, BROSRBHE L MAE DY IEER/MEZ Bt & L THWEmE R WL 20 Thh
TWD, AEFFEIE, FEOEE R OBRTE . W ONZBHFE U 7o ARk Bhfidtt & U T < 1
FEZOWTHLNZTAZ EZHE LT T T,

T TIX, PACrOx &Y FeCrOy F /R 1-12 2T, KRB O Bhfibltt & U< = & &2
H LTz, JERTEIC X HEE L7z PACrO, Bhfii ©1%, Pd BOE IREED ERLY) & &8 DR

HIREETH D & KB ERDNRANARE STz, FFIC Pd FEOERLIRREIL, FAELEF O K IR I
FHZ K& <RAF LT L Uiz, &7 Crid Pd Bk fE DR ELofh, BhfhiEFR i CHEA T3 2 0K
JEBHHIT D Z E N BNE Ao Tm, —F7T FeCrOx T/ Ki 113, TERESR/KIEIE )~ & OiEFE LR %
(e 2 Bhfilll & U CEX | Fe & Cr OAH) 570 2 Bl ki) & b X CElEME 2R Uiz, 16
FICHG U IC oW T, FeCroy Zfilfit & L7 BARULFAMEN D EL LT, T ORER, FeCrOg
FUZE £ D Cr )Y FeCrOx RN b SUSIEE ~DOBMBE) 2Rt L7z Z L 25, {&MEm LoHH
ELTURBINT,

SETIE, BRAEFIEAICE S & | BRAERICH N R E S R BB B O PRIR 1T
Sfc, SR L7l Y | Bl g A AR ISR T DRSS & LTEIK, 2o, ERAL
TR K DFEALSOE DOl & U T < MEHE, K OB OGO Bl CHi5H C & 2 REMEDY &
%, fix OEBEEE Al Cr 5725 A E F D MAlLXCrO, & fillit & U7z BS b 72K D
FRALEOS DIETEA LEE LTz & 2 A, FFIZ COAlLACrOs 23 EWWEM: 2 7R L7z, CoAlCrOs 122U T




E. x =04 OMERRIZIBN T b @ VKO ISTE M 2R Uiz, E 72 BERREE 2 1~ 28k S 27
ARBHI L CER XAFSHIEZ (T o7& 2 A ARRBER CIIAERARD AV A FEB YA D
MHIZ Co ITF A DAFAET H—FH T, MIRBER TIZ A A MTOBRIRBITAFET D Z & D
Hnkieolz, ERBREDL D7 AV A T Co ELE S =iy, K0 @WK OREIS D
BARARGE S L TE< 2Lz A LT

W TIT, ZETHE L7 CoAlxCrOs IZOWT, s iIZ 31T 2 Bhfilfit & L C ods i
ZAaTz, W2 VBRI X0 EEROEAE CTH D g-CaNa T HLFF S 172 CoAICTO )/ Rif-1%,
FHERER/K IR D> & O AR 72 R SR A R BUR DTEME 2 RHET D Z E BB B ETe oz, T/ HRi v
DHFFRIFIZON TR 21T o 725 R, Al & Cr OHSRITFTE & 13820 Cr #5720
COAIOx N EiEMZ 5 25 Z LR & T, EHEHRE 2/~ B X E 7846 ik, K

(9-CaNa) D53 FRIREE A O iR A C L eMEEMED | 3% 2 & 4oz, F£7- CoAlOy
DOHEIEIZONWT S, RIRERFCITEIRE AR b L IKBIkHm & L THEL TWDH— T,
ERIAFF TIZA BRI & 705> TV D T LRSIz, S HIT, O8RS EAtiEz 36
WT 1 CoAIOK ZHHEF L 72 & 2 A, TaON < LaTiOoN 5 DR 2t TR OBAL UG OIETER 23 7,
HAv, Bhfitf & U C o HMES R SN,

BHETIL, AR THONTRREEFIE L, SHBOEEIZON TR,
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Thesis Summary (approx.300 English Words )

Photocatalytic water splitting reaction consists of several steps. First, the semiconductor photocatalyst absorbs

photon energy greater than or equivalent to the band gap energy, generating electrons and holes. After the charge
carriers transfer to the surface, redox reactions occurred. Each step needs to proceed smoothly due to its
sequential nature. Especially, surface reactions are important to determine the overall efficiency. In order to
enhance the rate of surface chemical reactions, loading of metal or metal nanoparticles, which are called
cocatalysts, onto the semiconductor surface has been well known to be a useful strategy. Recently, cocatalysts
that contain more than two metal species have been reported to work more efficiently than the single metal
components do. This thesis aims at developing new multi-component cocatalysts and elucidating the mechanism
by which the new cocatalyst materials work as water splitting cocatalysts.
In the 2nd chapter, PdCrO, and FeCrOx nanoparticles were found to work as new water splitting cocatalysts. The
valence state and fine structure of PdCrOx nanoparticles, loaded on SrTiOsz by a photochemical method, were
dependent on photoirradiation time during the deposition. The state of Pd species in PACrOx was changed from
oxide to mixture of metal and oxide by the photoirradiation time. The role of Cr was not only to stabilize the Pd
oxide state but also to inhibit backward reactions that could occur on the surface of the cocatalyst. FeCrOx
nanoparticles served as water oxidation cocatalysts. The mechanism of the enhancement effect of FeCrOy was
investigated by electrochemical measurement. As the result, it was suggested that the Cr species in FeCrOy
enhanced charge transfer from reactant to oxide, which contributed to improved water oxidation activity.

In the 3rd chapter, a new electrocatalyst for water oxidation was developed. Various spinel type oxides
MAI2«CrO4 (M: Co, Cu, Ni) were applied as catalytic materials. As the result, CoAl,xCriO4 was found to be a
good candidate as a water oxidation catalyst. Moreover, in the case of CoAl,«xCriQ4, not only Al/Cr ratio but also
calcination temperature during synthesis influenced the water oxidation activity.

In the 4th chapter, nanoparticulate CoAl,<CrQs, loaded on g-CsN4 photocatalyst, was shown to function as a
cocatalyst for water oxidation. Experimental results indicated that CoAlIOy, which did not contain Cr but had
spinel structure, was better as the water oxidation cocatalyst. CoAIOx also worked as a water oxidation
cocatalyst on various semiconductor photocatalysts (e.g. TaON and LaTiO2N).

The chapter 5 summarized the results of this thesis and describes future outlooks.
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