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AT T EESIR & AR Y B D 72 2 T BDCHEEMEE SR DA R & = O EICBIT 2078 ) S L,
WD 5 BEMNSK->TWVD,

1 [ O, AEOSE L BIIc oW TR_TnD, £, SREEW 2 5 2% —Tb
LRV EEEHEEEE AT AN T L2 EA LI ERLE . HALICBT 2RO FEORMBERIZS
WTEE LTS, KRIZ, BBRBILY & SRIEERN LR IEEROERTIEICONTE LD, &FEHE
IRKDOEMLF RIFIZ A F LR AR BREEZEAT D 2 & TEBRALY-& BRI R R < %
BT HHEONTIRARTWDE, LEDZ Ea2ERLE L, AL CIINHEEREZ A T 2 SRR OB 1
KIGZA F IR AR VEBEEZEANT 52 LT, GREEE-R Y BREICHRECHEER 263 2 iHeR
BER-AR Y B AR DA A I DOV TR R TN 5,

B2 8 [ AT LR AR B ARG LTl BN IA-R Y BBEA RO AR & 20k T, il
PLF RGN A F VR AR VBRI Z A9 %5 Ru(IDEEA(RuP) & Keggin 7R U 2 (Si-WPOM)[H] 218 < 48 A
VERIZOWTIRAR TS, RuP 258 A FILZNAKRF T RIFKF . Si-WPOM Z 12 % & RuP O3
FEITNRANTI S STz, Z DT AR AR BRI A2 B2 720 Ru(IDEEA L 0 & 2h=RAICERE) L 7=
END, RARUEEFEC X o T Ru)EEA L Si-WPOM BIMEAEA/E L CWAERHL N E o7, L
L, ZOEEEROHAMEMIERNT <, KVBOHEAEER A AT 5EAEOAIEZBRET 55
ERbDHZ Ebbrols,

BIE [BEA AL CHRIE LIRSS RER-R ) BES KOG E T ONWE] Tld, AT
AR EIEAEGT LD RuDEER L MR A 4 Th D Zn™ A 2:1 TERUL LI 3 fliod 3 Bk
([(RuP),Zn]*")73, Si-WPOM & 1:1 T < M EAEA T 2 E AR DAL O OFHIEIZ OV TR AR T
%o Ru(IDBEIED & DIIITEESIENITIEIET 5 Si-WPOM (T & » THAIZIEE S, Z0EE % Zn®
EEIMLUTWARWES LE_TR 3 A L1252 &2 R Uz, SR TAIIEE T Ru(DESARET D 2~
BB 9% & Si-WPOM O — & iR LN AR LTz, ZORIGIEBIT 2RV B OEITO
BFILRIT 099 LIEFICEL, In" B EE VR LA 6 FM Lz, 202 L. [(RuP),Zn]™
25 Si-WPOM &< AHAAEM T2 2 & T, Zn* 2RI L TOARWEA X 0 & EAF O EER e A4 pl &2
R L2, B{E) Oy Ru(liDIZ L 2 R ITT S D BN E Lz Effim L Tnd, £z,
BEBROSYMEITEAN LT-EEA 4 OFEICKTE L TE L LIZEN S AT 5 B CHIEIC
AhETEBEA A EZBIRT 52 L THABEMMZFAT CTE 2 REEIC OV THEL LTS,

54 R A A4 TG LI HTR A RS IR-R Y BBESIRO AR & & D CO, T YRR | CTik,
ATEE CHASE L 72T B G IRE I FIEZIGH L. COL &t ttEiinE 2 A3 % Re(DFERZ HI W T 8Hl 4
EIESER-R Y BESEOG K OE D CO, @It AR I DWW TR R T 5, B 7 RIHIC A F LR
AR AEHT D Re() & Zrt 78 2:1 TEZAL LT- 3 B285(K L Si-WPOM & 2ok S8 5 2 LTk
Lz, BYEE AT T, ZOESED Re(DEEIRE O A 2 RN T25 &0 CO, D3 LARBER)
IZHRIL 4 CO DEARIIICAERL LTz, 2 D CO AR EIT Re(DEEIRHEAR DA & g LT 2 fE5LL Em k=
L7z, Zhid, ZEFEREEELET D Si-WPOM & Re(DEHANESIRIERIC L 0TI AET D Z &
T, CO, DEEA BTG RRINCERE L7 LiEm LT 5D, LLEDREENS . AWFFETHiZ
(ZBAFE LA R AR FIEIT R 2 8RR CHLMIGARE Ch D 2 L, £, RUVBOLE TE e
& AL CEEEN T A 4 R SRR YE A & A kLA B R T BT LR S IR YA OB AL LTz,

FSsE S Tl APETHLONEREE L L O, TOER IOV TRITND,

%5 FSCE R IX, RIS 2000 57 & B3 300 3E% 19 DHRHT 57, & L <IFHEIL 800 35% 1M LT EE 0,
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In this research, a simple method for synthesizing hybrids composed of a polyoxometalate and a
photofunctional metal complex was newly developed.

General introduction of this thesis was described in chapter 1.

In chapter 2, introduction of phosphonate groups on the diimine ligand of the Ru(Il) complex
achieved more efficient emission-quenching by addition of a polyoxometalate than that without
phoshpnate groups. This result indicates that a hybrid should be formed by interaction between the
phosphonate groups and polyoxometalate. However, this hybrid was be dissociated by addition of salt
because of the interaction was relatively weak.

In chapter 3, ruthenium(II) complex with phosphonate groups in a diimine ligand was strongly
interacted with zinc(II) ion and gave a multinuclear metal complex. In dimethylsulfoxide, the
multinuclear complex strongly interacted with the polyoxometalate to make the hybrid. Irradiation to
the hybrid in the presence of diethanolamine as a reductant caused an accumulation of one electron in
the polyoxometalate unit in the hybrid.

In chapter 4, a new CO, reduction photocatalytic hybrid comprising of rhenium(I) complex, Zr*"
and polyoxometalate was synthesized. By employing new series of the hybrid instead of rhenium(I)
mononuclear complex, the efficiencies and durability of the photocatalytic reductions of CO, to CO
was substantially improved by using hybrid.

The conclusion of this thesis was described in chapter 5.
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