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Thesis Summary (approx.2000 Japanese Characters )

eI = R X — 2R L TR RS 2 RS T X 5720, HIBRICHERUEICHE 0 1 S KBt 2 = f L X —JH & LT,
COy ZHEMRRFEIRANE LM DV AT DEHEST D LT, BRLELREHDO I HLO—2>THD, 2010 FR, @V oLt
ZRFOMMREEIR & BV COp SR ITRER FF o RSN IR & DA LARBE PR SN TLUE, YO TREACHTE SN TN D, FF
12, Texr DI NA—TF1F, FER L Ru(l) “ESHA & DA S B TTHE CONETR A L TE 7z, ARDORIGIZRIAROREOM
MIDPT> TOD AR E RS Z AX—2BOBEBFBICL > TEITT 5720, 7V —r THAETNERZ LGy 2T
DERERET D ECTHANARRTHS, LOLAEBL, ESRTOAIZEALEDEERDO N FEX Y v 71325 VU ETHD
7o, 500 nm £V bAEKEDO R LRI 5 2 L3 TEAR, FERAICERLE B LR E L0 IR 28
FUCIHEL, KO E5 5y Td 5 500 nm LA ED A 2RI TE 580 RE v v 7 O/NSWEERMEL 28535 Z E AEE
b5,

Z T, AR TIHEREDEIORE LT CO ButKIn# B T 2 u—F v v 78RO L RBREZ BN E LT,
Bz, Ta REBZ(L OBRR L HH AT Uiz, Ta REAZ(WIIEERH R EIC Ta 5d HLE TR SN D720, BIEETOR
VNRTEITIEEE LT, 8 A0 O &R R ~O BT BB HNCAER TH L0 TH D, &HIT, ABFZECIIBEF O 8K
MEED T/t b RIS T LTz, — M09, 8k E - / E k5 2 Lid, HiEIC K- TELLET L ELOREET
OBEHEENEL 25 Z LIk > T, BMERTTRISOEER LR35 72, SIS O EREIF T 505 Th 5,

FP MAREAEERCHKLIEA Y Y AN E 4 v % )U(Ta) DR LT ZE(LW(YTaO:Ny) % Ag 7/ kit & Ru(l) k%sh
RAAHE LA A2 SR U7, Z oA 400 nm Pl EOAMHEIEIIEE LT CONETMIGEHEITx 52 L 2H
BMhELE, ZILTAYRX Y v M 22 eV O —F v o 7YEERTH S YTaON, & ik & U7z CO2 I8 TEUSFH DL
WP LT, RICY ERIBREDA F YR THL T /A R(Ln)eHEIcEH LT, Ta & OEABEZELHLnTaONy) & HH 2
B LT, BRBHOMRE, N REY v 7N 25 eV FDFT 2 —F % v 7 LnTaONy DARICHKL LZ, £ LT, HHED
LnTaOxNy (ZFBWTH AN COz iEILNICIEE 2Dz, LaxL, 500 nm L EDO AN Z B L2484, YTaOxNy <°
LnTaONy @ CO2 i eiE IR IR > 72,

Wi DG E LR, TasNs & Ru(D —RE8EAR & OB A EAiix 480 nm Bl EORFREFMHLIISE L T, Z A% —280E
FTBENC LD MEEE COEIMIGERINT 52 E2ALMNE Lz, LOLARRL, KTV A XOKRE WL 7T TagNs %
W, R ETHYE(L > 400 nm) & E et A RET U7 EBR S Tl FBAR B IERKD TaON & Hilk LT 20%EDOETH -
oo ZHEERCT =T 2L D TasNs DA TUIZ LIERIE L 2D, 724 U RIB(EZRMICRKT S LB 57,
BEHRRMIIFILET & TILOFEEHLE LT 2, RECTORMBIEEZETSEE RN L 25,

% ZC, TasNs DA RRIEOBTHG & SO X 2MIEOFEE Lz, SiO2 M FIC Tax0s % sol-gel 1% CTHE L 7= iRk % 7
CE=TEMLTZSA . 8102 11T 20~30 nm FEEED TasNs 23k L7z, 7 /KL TasNs HEF SO HAKRN GO, I HIT,
ZDF R TasNs/SiOz ZJEHUSI AT MR X BRI E T o3 UL THMr LTS, BER T =4 228 TasNs #51-NIC—H K—
TENTWDZ EBRboolz, B F—7 TasNs/SiO2 7/ ki1 & RullD) ZEESE K & O E A HABIZREE AIHEN(Z > 480 nm)
PRI T, CO2 & X~ L EVIEIRK(>99%) TETLTE 5 Z L 2 b2 E Uiz, FHC TR RO fBERIFE SR IE 24 B T 250 (22
L. 7L 27 B TagNs SRt 3D TaON & Hifls LT 6~7 5L LV MiiciE L7z,

AL T Ta REEZE (LY O G RE Z 3R L2 R, COLRITRICHATREARER O —F v v TRHRE(th & H A+
DILE STz, ZHIT LD | Ny RE v o TIRAENIC K 2 8RO FLIETTSOG DIGTEIR T &5 WEk A & gk L. A efh
BECH1T D Ta REAEAHOWNATEE KIBIZHERT 5 Z L ICaEh Lz, & 512, TasNs [ZB W T/ G bic K 2 8% T =4
UK=L D B A SRR R L o T ERKMOER A BTG LBk &0 B35 2 LIS Lis, 2 OfERIES %, Bz
BRI RS R R 2R BT 5 L CHE AL LTSI CE DA HRER S 5,

%« FSCE R, Fi3C 2000 F & 33300 3% 1 HT DR NT 52>, & L<ITFEILB800 3% 1 #fEH L T 728w,
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A hybrid photocatalyst constructed with a semiconductor and a metal complex is one of the most promising
candidates for CO2 conversion system because it can utilize low-energy photons (i.e., sunlight) as the energy
source, which is inexhaustible on the earth. Our group has developed such hybrid photocatalysts, which drive
CO:z reduction by a Z-scheme process, similar to natural photosynthesis in green plants. In the hybrid system, a
narrow-gap semiconductor is highly desirable because the main component of sunlight consists of photons with
wavelength longer than 500 nm.

Here we focused on a narrow-gap semiconductor having an ability to drive the COz reduction in the hybrid
system. First we used rare earth elements such as Y or lanthanoid (Ln) as the component of tantalum oxynitrides
(YTaOxNy, LnTaOxNy). Fluorite YTaOxNy was found to have the ability to reduce CO2 when modified with a
binuclear Ru(II) complex. Some of LnTaOxNy achieved the similar functionality. However, the CO2 reduction
activities of YTaOxNy and LnTaOxNy were very low when irradiated with visible light longer than 480 nm.

Further investigation revealed that a hybrid of tantalum nitride (TasNs) and Ru(Il) binuclear complex could
drive Z-scheme CO: reduction under the irradiation of visible light longer than 480 nm with very high selectivity
to formate (>99%). However, when irradiation light was shorter (4 > 400 nm), the CO: reduction activity was
~20 % compared with already known semiconductors such as TaON, due to the presence of anion defects (e.g.
nitrogen defects), which is often a problem in the synthesis of bulk-type TasNs. The nitrogen defects acts as a
recombination center of electrons and holes, resulting in decrease of photocatalytic activity.

To enhance the photocatalytic activity of TasNs, nanoparticulate TasNs (20-30 nm in size), which was loaded
on SiOz spheres, was developed. UV-visible diffuse reflectance spectroscopy combined with X-ray photoelectron
spectroscopy revealed that in TazNs/SiOz, oxide anion was partly doped into the TasNs lattice. Finally a hybrid of
oxygen-doped Ta3Ns/SiO2 nanoparticles and the binuclear Ru(II) complex can reduce COz to formate with high
selectivity (>99%) under visible light (4 > 480 nm), the value of which was 6—7 times higher than that of bulk

TasNs and conventional TaON.
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