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THEEERA L 72 CO, D% BT EILIE. TA L ¥ —RECERRMEE 23 2 Hiffi & 7 2 AR B
%, FFic, CO, D _BFREITAEBMTH B CO 34 nEBYOABICHH I N GRGTEETH 3720,
B Wi AME T COr ZEIRIWIZ CO ~RITT & 2 WA OBIF S E TN T B . fuc-[Re(diimine)(CO) LIS A 13
Kl X OCERRAB O WTFRICE W T CO2 % CO ~EIRMITGETT L, KIERE (1~10%) © CO, FHR T T
bR WHMBSEEZ RS, Lo L, RO RS 38R 0 MRk & o SHEME ICBT 2RIz +aBohn
T, ThsDRICHERICET 2 EHROARRED. X VBN COLBEITE s 2 7 L OBFDOEE L 7 -
T3, %2 CAELRIIE TIE. Re(DEEAMIBLIC X 2 COLRBITRIG DR Z RN L., %= O¥Egeic o
WX W ENAFHDLAME Y 2 7 L DS E B L 72,

51 BT, COMRITIANEIC 351) 2 KICHRIT R O EEME L FFEZ I L. AR oER L HNE R~ 7z,

55 2 B Cld. pump-probe i % F V> 72 REfE] 4 i AR 443 JHIE (TR-IR) % RIPT (Randomly Interleaved Pulse Train)
&% o 22 BRI R AT S HIE . BAILAHIEIC X o T, Re(DEE Ru(I)L F v 27 2k e =5 L v 8
TZE L 72 Ru(l)-Re(D)iE 5 T/l RuC2Re © —FE TF#HEICHE (RuC2(Re)”) DEGEFRE & SGH: %2 T~ 7 fE 5
b7z, Z DR, RuC2(Re) 1E =0 DBRRCERT 2 Z LAHLL L oz, RYIOBEETIE. MLCT i)
IR ICH 5 Ru JEESEAD BIH I X 28Tt L. 2 NIc#iE < Re lEEE~ D o> FINE TR B2 ET 3
3, TORIGIE. R 60 F/ BLAICTET L7z, RoEfRIx, BECH BIH o —% 7 {LfE BIH 23
7u bt vfbEnd LT L7 Bl X 3IEEIREED RuC2Re DIETCTH 2, - OiEBFRIE, AIEXRS O@EfLIc
B LEL, HNERET~ 4 7 e BRETRET L,

F2RICBWT, Rk R ) BRI OZL A BT 2 LELH 2 Z L BHL IR -7-D T, FI3H
TiE. Bt 3 VoIS REEER A L. SN iEUr Ic b 72 2 HIE 23" BE /2 Rapid-scan FT-IR %% Fiv> 7z TR-IR
HE % 4T o 720 in situ FT-IR S0 0GHIECHIA 7 v~ + 275 7 4 —Hfrici 2 B LR 2 e THws 2 &
T, ZETHOBEIGEED 5 CO BHICE % £ T A D SICEEE 78 &, Sl SOGHRE © 25 258
Lhtrol, 28 E 3EDOHIFEIC X > T, RuC2Re IZ X 3 COETCNMBI GO D LR BHL 2 L 72 Y,
Ru(Il)-Re()#B5r T Al 0 & & 7 2 EEEELICH 54 2 Z 20 MR %1872, ORuC2Re iZHF 20 THNETH
IS, T7b b —ETEICE L7z Ru R 2> & Re MR ~D 5 T NETHBENKIGIZ. Re G o —%E
TRITEOBFHEE L Y b EEIMICH HETT 5, @Re M2 B HEICI N2 DL ICERT 2 AR Vil
FEtRTPEERE X AR VET A T OVEEER P IR I SOSE AME G 7z o SR RS I BRE T 5, s, St
WRIGOEEZHELTCLE S,

O TWNEFEESIC MY 4 7 L OFHER TIE AW L 2B L T3, £ I TF 4 EOWfKT
. p-7 2= L VEREZF L VD B R B R WG T2 H T 580 Tl RuC2PhC2Re 2 &K L. Z 0D
SefiEY: & D FNBEFHENEE % RuC2Re & H L 72, RuC2PhC2Re D7) F N EFFEEHEE X, RuC2Re X
D b ZH1i#E A > 7225, RuC2PhC2Re iZ RuC2Re & D & @A AEZ R Lz, 2 b OfERIZ, CO2ETT
FEAMETEE 2T 22 % Z & 70 <, Ru(ID)-Re(DHE 5 T LMl O FE KGR & i oz R c& 22 L %
HAfEIC R LT\ B,

HH5ETIE, QOMBEEZMRRT 5720, Ru HIEIOEICEL % AMIIC, Re TR EITEL % EMIIC >
7 b & & 788 Ru(ID)-Re(DHE 5 T A % BIFE L 72, % OFER. RuEMEL S FK T L o v iNic RFEMPRE %
WICTE B3 X510 ) Hi7-ICBAFE L 280 7EmiE iz RuC2Re X Y b EWETINE L COERBEE LR L 72,

FOoMTIE, €YY VERNITD 6 fLICEIRIEEHE T 2 fac-Mn'(diimine)(CO)L™HUEE A & ik, 7o a—n
7 b vIER U CO LRI T & L THV 72 COBILHMMERIGIC D\ Tk R 7, BY ikl L 7 a —
NEEIRT 2 2 & ¢, Ru(I)-Re(DFB 5 Tl 1c VEfl 3~ 2 Sefliiym i 2 > SR A EA SRR L 72,
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The multi-electron reduction of CO: using visible light is a promising strategy for addressing both energy and
environmental challenges. Among the reduction products of CO2, CO serves as a valuable intermediate in organic synthesis.
Thus, the development of durable photocatalysts capable of selectively converting COz to CO is of significant interest. fac-
[Re(diimine)(CO)sL]™" complexes selectively reduce CO2 to CO in both aqueous and organic solvents, exhibit high
(photo)catalytic activity even under low CO2 concentrations (1-10%). However, the reaction mechanisms, particularly
intermediate structures and kinetic parameters, remain insufficiently understood, hindering further catalyst improvements.
In this doctor thesis, the author investigates the reaction mechanisms of photocatalytic COz reduction by the Re complex
and explores new photocatalytic systems based on these mechanistic insights.

In Chapter 2, time-resolved infrared (TR-IR) spectroscopy, transient absorption spectroscopy, and electrochemical
measurements were used to analyze the one-electron reduction processes of the Ru(II)-Re(I) supramolecular photocatalysts
RuC2Re, which consists of a Ru(diimine)s?" redox photosensitizer and a Re catalyst.

In Chapter 3, TR-IR measurements using the rapid-scan FT-IR method were conducted, that provides a temporal
resolution of several tens of milliseconds and allows measurements over several minutes after photoexcitation. By
integrating in situ FT-IR spectroscopy, liquid chromatography analysis, and quantum chemical calculations, the overall
photocatalytic COz reduction reaction mechanism by RuC2Re was clarified.

In Chapter 4, a supramolecular photocatalyst, RuC2PhC2Re, incorporating a long bridging ligand composed of a p-
phenylene ring and an ethylene chain, was synthesized. Its photocatalytic activity and intramolecular electron transfer rate
were compared with those of RuC2Re. Although the intramolecular electron transfer rate of RuC2PhC2Re was two orders
of magnitude slower than that of RuC2Re, RuC2PhC2Re exhibited higher photocatalytic durability.

In Chapter 5, novel Ru(Il)-Re(I) supramolecular photocatalysts were developed in which the reduction potential of the
Ru unit was shifted to a more negative value, while that of the Re unit was shifted to a more positive value. As a result, the
Ru photosensitizer unit was able to exergonically reduce long-lived intermediates, leading to a newly developed
supramolecular photocatalyst that exhibited a higher quantum yield and CO generation rate than RuC2Re.

In Chapter 6, the catalytic activity of fac-Mn!(diimine)(CO);L™ complexes, in which substituents were introduced at
the 6-position of the bipyridine ligand, was evaluated for photocatalytic CO2 reduction. Alcohols were employed as both
proton donors and COa-capturing ligands. By selecting appropriate substituents and alcohols, photocatalytic activity

comparable to Ru(Il)-Re(I) supramolecular photocatalysts was achieved without the use of noble metals.
Chapter 7 summarizes the findings of this study and discusses future research directions.
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