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Y R NF—% AT CO, & FEFALT 2 LA OB 1L, HERRIR LR - =3 L F—EFIFROFE &
S HEREIC T DA LARRIR E LCEAZED TV D, FEER L SBHAZ @A L72 CO, & ITEliT,
W OFFORWEE{L ) & COBIL AN TE DR THRAMBMEITHDL, LIALARRL, ZHETITRFTEN
TELPEEROIFLEALIE Ta 20 ETHEMEEERTH Y, RETIMEREOBREN B EENR TV, Hiz
ATEHEE L LT, AR, AREEER o-CN, MER 2D TE Y BAMICHIFEES N TV D, LxLAaRS, g-CN,
L& RSEREEAL LTIV TR OB e boTh Y, iR ol CREMIZILEL T\, £
ZCARMIZE T, AHEER ¢-CNy & Ru(IDEERZ2 B4 L7z CO B m el RICER L, #AESE - OGBS -
S IERITE & o o 2R e i 5> B BRI e R R 2 10 THT o 7, & LT, MR RICaid 72 m iz 52 & & hic,
RO B2 HiE L=,

AR LOBRETIE, A VR— T AEE 2 H T 5 g-C3Ny(mpg-C3N,) & Ru EESEA 2 AL L7z CO, &7t e fi
BERICIER Lz, #FIC. trans(Cl)-Ru(I1)(4,4°-X,-2,2’-bipyridine)(CO),Cl, # D Ru(IDEEAICE R Z H T, TOED
Fi bR iz (X = @), e LT, sl F T COEt UG i 2 it mlfsEkix 1000 @ %, 4+
TR IE 5.7% (@ 400 nm)IZEE L7z, FE7o, AHEEER & W0 S BRI TIZH 2, A ¥ 7 — L &R ILH &
L7eF T XHB TR F —ZLAG)BIE & 72D COEITLIE DB Z | g-CaNy & W2 R TIEWIO THEREL 72,
I BT, mpg-CaN I HF W Tor el B (RR B IER LI E . IR ) & RIS AT o 75 2. mpg-C3N; — Ru 8
EA~OBTBENIE AW ORRA—F —THITL VWD 2 N LT,

A>Tl mpg-C3Ny & Ru B EER OB SADEMBLRICEREZH T, TOEW COETREEZEELZ, L L
Do, KRITHEK ETR LS SNZEETHD K] TERISHETET, L RIBIC&EO T2 LV R
TA~NEREET DI ENFIRFICRS EBENTZ, ZZTHPETHELNIZMAZ WL, §E< FETIHE mpg-C3Ng 12 Ru
flEE & Ru YEHEEGH 2 84S L 72 Ru B ES R (RuRW) 2 &K L7281 L\ CO, i e el R O 2R o, &
W2 CIEERR T 2 H1FF L 72 mpg-C3N, & RuURwE G T 52 & T, ZAX—LABIOBFETBE 2R T, v
TIZTRERBHRA 99%)IZ CO, XM~ EILT 25 Z & & L Uie, IEWIGIE OFE R 5 | #RL71E mpg-C3N,
WIZAER LB F 25T HD Z & T mpg-CN, N TOBEMBRHEOMENCHFEL TWDH LB b, KRE Kl
B L7ofb B, FEAERIC I T D AR5 1T 33000 248 % 72, Z OMEITATH: Tl ~72 Ru BALSE A &2 V72 &
TR 30 5 <. PR L G ESSA A AL S o MR I BV TR EOETH D,

B BT, 7/ v— MEEEZAT D g-CN4(NS-C3NY)IZ RuRw AL L7= COLETTEMBERICHER L, KA
R TORISHE Z I~ T, Fix OMBEEBR AT o 7o/ER . RURWCO—EIX, AA T+ VB2 LT,
pH O L& - ORI - SEOE & o T2/ ERNIZB D 53, NS-C3Ny RICHEBEICEAILIN TS Z 25
MIT LTz, T OZETYIEE L) 0O 138K (TaON) B L) -8R (TiO,) & B/e > TR Y . NS-C;N, DENTZFETH
B, ZOFREICER L, KRETI pHIEFE, Ny 77— LR D ORNMIREZEMCHH T, TOME, pH &
PEMSEIC L, 20 ) U AEERNT D Z 8T, & COETIENE, CO, BITRIRRTRISHAREI¢ 5 Z L2 R
U7z, Bl ER & U7 I IR ELGR 2090) & IR (>95%) 1T K H T DR E — % O el 35\ TR e
BETH-o7,

—J7, R U72ISIEWT R b @Al 2 ATV b2, CO, BIULGMNZOAE L LTZ, Sz X
— B VO BREEN LI KGR TH D, £ T, FlcT7va—AOT7 T e F~0 2 ET8{tE CO,D
BICHURE WD Rip D 2 DOWE BRI Z K CTRIFHZEEEI T2 Z & T, KIEREROXF T AR L F—2%
{B(A GYNIE & 72 B Y6 0 L X —JS R RS A ik L 7.

8% - fSCEEIE, FI3 2000 52 & 5630300 5B 4 LTSI T 200, b L<IFH3C 800 5E4 LR H L TS 72& 0,
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Photocatalytic CO, fixation using light energy has long been studied as a potential means to solve the
depletion of fossil fuels and concomitant global worming problem. Hybrid systems that consist of a metal
complex and a semiconductor are expected to be promising because of the excellent ability of metal
complexes for CO, reduction and semiconductors for various reactions including alcohol and water
oxidation. Inorganic semiconductors such as TaON have been used as a semiconducting part of this hybrid
system. However, a satisfactory system has not been reported to date.

An organic semiconductor, graphitic carbon nitride (g-C3Ny), is one of the candidates as an alternative
material for the hybrid system. However, there remain much room for investigation of the g-C;Ny-based
hybrid system. Therefore, fundamental studies had been strongly desired.

Here, we focused on hybrid systems of g-C3;N4 and Ru(Il)-complexes for photocatalytic CO, reduction
and investigated various aspects: building blocks, reaction environment, and spectroscopic aspects, for the
first time.

First, we focused on hybrids of g-CsN4 and Ru(Il) mononuclear complexes. We examined a series of
trans(Cl)-Ru(I1)(4,4’-X,-2,2’-bipyridine)(CO),Cl, (X = PO;H,, CH,POs;H,, H, CH;, COOH) and
demonstrated its high abilities. In addition, we also revealed ultrafast electron transfer from g-C;Ny to
Ru(IT) complexes by means of time-resolved emission and time-resolved infrared absorption spectroscopy.
However, CO, reduction was not progressed in water, which is the most abundant solvent in the earth.
Thus, further improvement was strongly required.

Next, as another type of hybrid system, photocatalytic CO, reduction using Ag-loaded C3N,4 and a Ru(II)
binuclear complex hybrid was developed. High catalytic turnover number (> 2000) was achieved using this
hybrid system both in organic solvent and aqueous solution in the presence of a suitable electron donor
under visible light, with high CO, reduction selectivity (> 95%). These values are highest among
visible-light-driven heterogeneous CO; reduction photocatalysts to date. In addition, we could also couple
CO; reduction into HCOOH with methanol oxidation via photocatalytic reaction using g-C3;Ny4 in aqueous

solution, thereby converting light energy into chemical energy through this photocatalytic reaction.
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