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AT 5, KAEEFHIEHGHFEZ, RITHDF B DEE L 37T 5 = P ETH S,
KIS
T AESE 2 RSO EIZ OV TR, SEIERNILFEFE O B, EEEAS ., ik - EREE Y R
DU LORMERR EIZIRE L CRME & RLE LT,

EHIZRO AN RSN

o FHETHFTE TR A BN 51 B TR F— 7 12— (2 T3 e - By (2B L . KpEhtlz 5
1] 5 E 7 L MTENE « FEB D IGO0 TH P A50 Th o 72, fECREIZ L S KHH DN
BV ENBTREEZTT, KD HHNZ L L 7= PR TR LGS 25 L 0, RELF7T
S EDPLETH S,

X :

AR LV | B0l BHRER OB ARZIZIC, [ RREA BRI ET N TIARGR I OME ZEEL 35 Bl -
FHHL ELTONRE L IAREIC L, A BEB LY C BELOHLFRF TR ATE R ITATH IR E A T T2, Z DR R,
BB O A HED 2N Bl 21X, HEEEL 72 7-FE BRI S 1, RERFE B — 6 -3~ DS 3\l
HECThH 7728, A03 BED RAKHAZ D7 )V — 7 PMERL U T= 30BN k3 2 B RO R 438 e 43 e HRI DS FTRE
L7202 T ST R DO TN 572 [2019 A2 7 HICK[E -2 IR TRED ICP2019 ERRS#IZT
B3], T, BRI FR I S 53 e EHAPEE OB R IR I L TRBY ., RIS RRICB T r ¥ —Tm—
ZEAT T DERIZ O DR 7 AT MVIRAT FIE A B A AR OB BB AT | 238 I T~ D Z &2 LD | WFFERC R D
EHITEE ) ST= ). Photochem. Photobiol. A: Chem., 358 (2018) 452-458; Chem. Phys. Lett., 712 (2018)
123-127; Chem. Phys. Lett. X, 2 (2019) 100023.], ZD43 HFHHITE, C BEEDOLFFITIZEH KNI
7o T2, ZNHLOFITNZ T, SR EOREOL LI, AR L0 FRIFZEE BBIL , HFFERE2ZEHL
~o BHERTHEORBIET, YUIHFILE D D F TN A T, Fr A IR 28N C O RIAFFE DOTE AL
HAPE CHIEZBS BHIOGFERREBETHENTEAHINI -T2 BE TS,

(PREFHERHERORICE W T ZZ T -BE~ADOXHIKR)

FRFEH O LT, LT oM™ ER S, i Lz,

KB I Lo NN T B DG & Tk E L 7 FE B O, 41 6 OHFFEH A IZ451 75 Pin
5o L OHEHT & 11 5 I FETH H OB SR E PSRRI T U, iR DV — 57— T2 B8
K| DL ZEF S,

KIS
ZHREORICEA LT, RBREERKE N THA RS ORRIIEIC D X o Bk ONFEERIIAFAT 2 581k
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L., KA E NTHERR E OIL[E - A2 LT-, £ OfEHE, EA (BO1 FHEFIE) TR (A
03 FHEBEIAER) LHLFET, Z7au 7 @ (Chl) FHEAREZHW TR G A B L 72 AR
DOEVMERE O & v N ) U bR TR Z R U7t A HNMERE O 1A EIZRE) L 7=, Chl 358K %
AW AR EMIT, SO EEIMREE2FF > TRV, HEH SN TWAM, Chl FEEDEHIEE & A T
7 RAEREITERA ST W oo T, £ 2T, AW TIEY 7 ) 2 BORER 3 MU o3 i % v C Chl
FHEARDOTRWOIRTE & IR RBIC B Dbl fE & v U 72 ERAVIZIFEE L7z, £, TORRICHW:
AR TR TH D E R/ % Chl FEEREREIC N—79T252 LT, ¥ UV T7HEMNERTLZ L
ZRM L, Chl FF8ARE W - ARG EROYCEESIERE O EISREOMT T 7o, RBFEARIT, ZivE
TR T > ARG EMOEEEE LT 5 2 & T, BRI Lo LR 7 av A2 REL,
FEEIZPEREM BICRHEOT 1T 2 2 & 2R L TR Y, A% OAKKIGEMDOBIE D7D O 2 5 5HEE %
FOoRLTHBY ., EHEMEE [Communications Chemistryl (2H#k i7- [4 (2021) 118],

Flo. WORBIEH I

FE T, BB EIK T, BRI R 5 6 212 LT F e — « REFE~DEREE V> 5 HEEICEE T
S EWIEIZ L DD, WNBWH & X2 7= F DN E e B E S,
KIS

TR F— - REREOMRC—EET 5720, 1 B ORENE 31 E S 2 B D 36 FRITHEP L,
FHERFZE Tl N —TE R VEROEE 28I LTz, £72. FHEAFZE & AZEFZE & O FRIFFFELZ D
il ORI O ILFIBFZE A TR L L, AFZEDONNER & F G 2 Ko 7o, fER. ZROEEGRCeoEs, &
IS EORMBIZEDN Y | SEROIEMAGIZ DR 5 T,
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6 HMIREMOERERUVELGHE
(1) sEEEEMENICME EZETHLNILE Y L L, COREERTEN, (2) AUEFEBIZE DS

BITRRIZOWT, BARRY ) SRIC S HUNTRET 52 &, (1) 1FEEA T L, (2) 3IWFEEE 2L
FHHEINIZE « NFHIFEDNATREET 5 2 &, Zeds. AWFZEHEEAN OILFIIFEFIC L DMROLEEITZE DO 2 BHEIC T
HT L,

(1) EEEEHRRNICAZESETHOMNILEIEL, EOBREERTEEN

[ERE] AFEEOD BRI RAOEA OB 2 S O S8R - BlRR N T L, ThiazET v e L
TNTHERFRDORBEEZED D Z L ThoTo, TRRUUIFLIRDE D RIEE R OIEENH BN & A TS
FRFARDBAFEIZIN T, < OEERMR LG, Fl21EX, RECERITIV T, PSIT I K 2 KRG
DSy, Sz PRHMARDOHEE Z fiftir L. KOBREEOG OBSRE 2 AR U7z, SR E AUEM I IO b 55% — e fligk
T TR R FEAGIRONE R 7 T A A EFBEMEETHRIT L, iR X — O EhERIE -
BEEDOHIEZ R LTz, RIEERIZEB T 57 v 7 HaEOMEEZET IV E LTATLAR T AL,
AR DN TILE DOEUYRIZAR I LTe, NTOEERGR TIE. KBDEART Mo a8tz AR L
TKEZEFRE UTKREEZAEMD D WL CO, ZiETLHENR L TE 287 22 B8R IS L OV Fotfih
WA ZHEAR L. RIOCEREBM LT Z A% — 282 I8 AT 52 LT, R\ LOARR L4
M DRI E & FEBL LT, ROEAICHL A5 TREF SN2y 5%, ARAREES> PSIT % MERE -8 (K
ENA Ty MELTeR7e &, RiEEZ D TIEONTHERARPEIREE S, S HITIIATREKRD
REHBEED D RINE RIS T 2 KR D 4 < Briz 72 (L ORI A RB T HIC b E -T2,

Flo. BAebmatfl - BERE 2 W72 KRR « NTOGERMIIE Tld, fLESCE R Rsp.  rubrum 07
07 ) A RRABZHREFRME (GO+ER) 75 Bk L7- LHL HAKIC, &Sk kohaT /A4 R -7 K-
8 - IaTF—NEFEKT DI EICERIL, B-T A8 ~ a7 —/L® red—form S1/ICT JphiE ke
24 LT, 92, 1% S D FE%h3 T B880 BChl a ~Dihift = R/ F—FBEHPITHON TND I EEH LN LT,
ZORRIE, N7 TV T ONEBICHHEROERELY HARNLF, BROBEHA MR 20R L2 T 720
D I71E %z AR L7219 TORGEMREBI T %,

AFEBUT A FHR S 955 # (AR L 889 #) DJFEfm LA d e« L. £ D 5 B D Nature, Science % [E]
BR—IRREDFM LB EN TN D, TNDH DRGSR, AWFZED BT FRUBISER TS FE A5, BLFHE
H % 531 CTERFLERRRIZ OV TR REIR 35,

1) PSII K53 % R IGH4E D A2 BA

PSIT 2 KD KGEESOSIZOWT, 1 BDEAT 2 PDEMENIZ K0 IEY a7 Sy, Sy hFMREEOREIE &2
Xt A HET L—— T L. SoRRE TH- 2R e 57 O ADHERS S 4L, BRFR 3 TR D A T = X
% fi# W] L 72 (Suga et al. Science 2019)

2) BEALCER-ABET T T REBD FESHKOEERNT

X R A SR X 0 . LA AN EE B3 LH1-RC(Yu et al. Nature 2018), EEBifisk 7 o7 %
/X7 & FCP(Wang et al. Science 2019) D&%, F7=, 7 T A A8 FBAMSIIC L © B PSII-FCPII(Pi et al.
Science 2019; Nagao et al. Nat. Plants 2019, Nagao et al. Nat. Commun. 2022), PSI-FCPI(Nagao et al. Nat.
Commun. 2020; Xu et al. Nat. Commun. 2020), #5541 E ¢ FMO-RC(Chen et al. Science 2020), <54
W) SRAGER )8R 11572 % T\ » TU % PSI-NHD (Shen et al. Nature 2022), PSIT 7 & > 7' U — {1 [} {&(Huang
et al. PNAS 2021; Nat. Commun. 2021)% D& 2 g L 7=,

3) RMET T T REEREOHBHEZOAIETILAIRE

Bl L =Y Romu 7 40 2R LT fEMEHRY o7 (7 na ) —L)0H)
HORESEIR FE % f7FH L (Matsubara & Tamiaki JACS 2019), 7 v — LD N LT V7 FET IVOAIFICE
1%%) L 7= (Matsubara & Tamiaki . Photochem. Photobiol. C 2020),

4) RABRUVAIAEHROBEREBEORALERZTHA IABERERDESE

7 xS~V T U LB R RIS E AR L, oo — 21Tk L TRBRES
AR CER LT 7 0 — SR D ) O 2S5 2 LI2 k0 HEAMED X v U 7 &1 T 3
7 ADER & 4T v REENT % Z£ K L 72 (Miyasato et al. Chem. Phys. Letters 2018, Miyasato et al., J.
Photochem. Photobiol. A 2018, Miyasato et al. Chem. Phys. Letters X 2019, Miyasato et al. J. Photochem.
Photobiol. A 2020), X7z, ZOFHAINZ XV | ALENERGHIE O LH1 A KICRB T 587 e = ¥ —HL
HIEFE CER#EREEE) 2 A L 7= (Uragami et al. J. Photochem. Photobiol. A 2020), 7 & 1@ 7 ¢ /L{4.3% (Chl)
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FHERE HWTRARNE R 2 U 7o ARG R OB EEEOM & b a2 U b o s % Fl
H L7 EAHMERE DM _EIZ %2 L 72 (Duan et al. Commun. Chem. 2021), #LEY.AMMEDO T /A
RRIEZERAE MR (GO+HR) 7D EE L7z LH1 AR, mEMmEsko v ) A4 R f#s+ 2 2
ST L, w7 /A RO SUICT fipfdik#&4 1 L C B880 BChl a ~, HARDEH A Z 5 mzhE T
FINFX—REE(T> T D Z & % A H L7 (Yukihira et al. Commun. Chem. ¥faEEH),
5) AIRERLAE - o FALE DS VEE DAZEA

EEIERS T ORI HDONT T = A MY X BHEIREGEIEZ WD 2 & T, B ROINER IR T
DENX IR PG~ & AT T DR OISR E 3 S F R TIEMO TRl b 5 2 LIRS L 72 (Kim
et al. Nature 2020), CO, JtiZTLHEBEZ FFD Re $5(RDBEJE D O Jayphkid 2 KR 57 f# XAFS HIEIZ LD
BoAr - OREE A b A REF 23R IR JE CTHRE L, EEFEHR 2 O TR BB IC 38 1T 2 & 2R O fei
{BZ17VN, bR AERE S % AL L 72 (Shimoda et al. Inorg. Chem. 2021; Kawagawa et al. Chem. Sci. 2021),
Flo. ATV RIEAMERTEHZ 35 1T 2 HEFHR T/ K1 O Rk &Ef##HT  (Shibata et al. Solar RRL 2020)
R0 NA TV R EHZ B 1T D CoAlLOs A X /VHEFEEIZI T 5 R & 217 - 7=
(Kanazawa et al. ACS Catal. 2020), & 5T, JEEMAMED in situ JIESL, SIS Z 7 B OROGHH
R O AL 2 B8 U7 8THIZEE BA %6 217 - 72(Umena et al. Appl. Sci. 2020),
6) ANILHERK : KOARIZK DHKFRELVBERRILKFER

BT IR TR EHT LD W T AT K Sy iR P DG 2 2 S4B JE (Abe et al. JACS 2020,2021) 7% & & 12,
HSEAR Sy F-NA 7 v RIUE SR FE A AR (Abe, Ishitani et al. JACS 2019)72 & A #EEE U 7o, AR/
7 7 AD Oy ARG % A 3 5 fillL(Yagi et al. Energy Environ. Sci. 2021)% & & $(2, & HIMIED H,0,
ZIEIFE 100%D 8RN THRK T & % R (Inoue et al. ACS Appl. Energy Mater. 2019)%5 % B % L7=, RARNEE
RRICHL 245 TRt S 5%, LA RO PSI Z M L7 R EBMHEE L, & IR AHRIRSR
A O HEABRR I3 U TR 2GR A $2PE T 5 12 b £ > 72 (Sayama et al. iScience 2020),
7) AIRER : KEBEFRETHAIBRILIRFDETHERIEL

TERITEBNNE T > TR ZE AR E T2FHDE CO B RE2LHIEE L, B OLER A
R L 72 (Kudo et al. JACS 2022), & HIZ, ®EICEHE L@ RIERIC L 2 meR - om e CO iRt
(Ishitani et al. Chem. Sci. 2022)<X°, ERfilE 2z 1 7V » FMb L7z CO BRI EB T LT,

(2) ABFEBEHICEYBLNERE

1 MOBDONZEINT R F, 5 2 WO B ONZEHNI#+F 2 [t 9,
[FHE AT SEHE Yeib % N(PSIND MnyCaOs 7 7 A X —IZW\W T, X #
HHEETL—V—2fH LR 77— —73RI2 L0, S RETHr
TR BRFE T 06 A S, 05 L DT O0-0 fEANERESND Z &
% WO 72 (Science 2019, A X)), F7=. X BiESLEEMITIC LY, ALEA
Hif 25405 O LH1-RC(Nature 2018), EE#E FCP 7 == K (Science 2019), . e
7 T A A EA BB Z VT, Hi ok PSII-FCPII (Science 2019, Nature S -state S, -state
Plants 2019), PSI-FCPI (Nat. Commun. 2020 x 2), #kfisi#li i D FMO-RC(Science 2020)., &2 FHM) DG ER
T TR A 1K PSI-NDH (Nature 2022) %5 OIS 2 AT L. EERIZIIT D EniE, =RV F —Hfi%k -
REDA B = ALIEL OEERMALE 5 27,
EHE A02 BOPE MniCaOs 7 5 2 X —D 7 2/ BEUL T OERMEKIZZ RV B L~V TOMREKRT 2/
FRERHIC LV  ARDO I NVRF T R BICER S L, BBFRIE LR A IR S 52815 % FLHH L (BBA 2020),
ZOFIRBET I BN, KilrOHERIZIE T 2 A BRI EORFICEE &R EZ R L)

G 2 e LTz,

EHE A0S RRIADCIRITIC > THEMEMED 7 v w7 4 VST %k Tt ‘Q‘z
WITDVATLEMBIEERITBREL (F—y R7Zuana 7 40), HEE rownnoa
PNCT = — T REE O BHREBER LR T 5 Z LI L (AX), 7 Q\‘/l

7 a Y — A OERESEEE & B 5 M2 L7 (JACS, 2019),

EHE A B KR ALEEA RS RO MBS L 2 v R0 B

LR 7 T AR — " b oK S T E DD R BB TREBEAIR  sersazo
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DOIFESAFIE 2 RIE U, FHM 728 R BRI 2 i LUV T B 2T L2 (Nat. Commun. 2021),

EHE A AFE ERY AT T TS LV BT BT R L — BB 0 KRR T oW TR
FRAOIZAERA L 7= (BPPB2021),

EHE A AE RALBE S LETEIC L 0 | PSS 2 KD EARBEENL, T 1 3 Lk i (TyrZ), 7 m o
7 4V PD1 OEAVIRTCEN & R E(J. Phys. Chem. Lett. 2020), & 51T Ca®', CI N EFBEIRK T Y =7
oA T ANH- 2 BB 5 )NZ U= (J. Phys. Chem. B 2022),

ETE A A5 BB KROEARMIES T (X oV BE—@HFEAER) EATGHELEDON 7Y v Rk
2LV BWTEERS TR B IEREMSRE S E TR S D 2 L A AL & B EToYeEREHIIC
K VA BT L7z, Phys. Chem. C 2020, J. Photochem. Photobiol. A 2020),

EHE A AF MMEYE *| PSIL © MnyCaOs 7 7 A X —72 ED X L8 B OB F{OE Y 5 A 7 — &
LIz GlEIT o7, RESBOEKE Y 7 2 % —HLOBRERILEEIT, £ OMEICREOH 22k
H5HZ &S R LTZ(Eur J. Inorg. Chem. 2020),

SHE A N5 BEERME MniCaOs 7 5 A X —|ZOWT, 7 2/ BEEMLF-12 X 0 Mn 570 3 Yo 22k & 43
U (I S du, S5 EE - FERPIEEM: « 24 v F v ZTHREICE SW IR EOWREIN L A F 2 7 AR
H9 &R 815 % FLH U 7=(J. Chem. Theory Comput. 2019),

EHE A A EFHU *| = 50X —0/hEWVIEHRIOE TR S 5 bR TEAKREPSHOHEL 7 5
A A BT BIRBIAENT CTHID THEHT L, PSI DB —IRE AR E LTIHIO T, 7 =47 4 F U D3R

TW5 Z & #sR LT (Nat. Commun. 2021),

EHE A XS FY ARICB O TR BIET R AX— R RER 7 nu 7 4 L f &AL EER ]
DILEFEEZPRE L, 7 rana 7 ) £ OREZ B 6 2T L 7z(Nat. Commun. 2020),

BHE A NS BB | S0 A M O IR » o /S 2 B LH2 ICB W T kL — i Gfk b L CERE
BEEEZ - LT D BR800 N7 T Ut s un T )b a a8 RMEGRICER L, ¥ 287 BN *
X —BEN A HIE 5 2 L ISTEh L2 (4CS Omega 2020) ,

EHE A A ZHYE* *| HALFRIO S REEIC B TRHIEE 2 £ > g~5 ESR R DIRIEXFE R LU
Phys. Chem. B 2020). Si-S:iREEERL T g ~5 RED = X)L X — L UL ZIRTE L(Photosynth. Res. 2022). g
~5RREIE R D 7= 8 OREE T T )V 2 H242 LT (J. Phys. Chem. Lett. 2020),

EHEABE NEP * x| GBWES 7 ) N0 F VT RS 7 4 ary v—2a (PBS) oG 374 %)
ERE TIRNT L. £ OWNEBERE & = 3L X —(RiEEEOFEM 2 B H M2 LT,

EHE A RS B * x| F5 a1 FBCEFHGAY 7 = = WY ROEE F TR 225805 (UV-
A:365nm) ZHUHNT 52 & T, MMEFR N OMBERAROALZEESE, BIE LBERERDOHAEID
WXREE & X By 8 ATP BILBETHDH Z E A BT L,

BHE A AE ARFTBE * *| S0 ARG O KIRI R O O BRI 2 T 1L RS IC s 1T 5
XX ) IV OFEE AR YRR ATRE 7o I E R A AREL - Bk L, %/ o OIEHuREIC LD
e R T ) DIREE & SRR 5 FEBRIREILZ 7~k L 72 (BBA4 2021),

EHE BO1 #BAYY 7 1o 7 g A AFEFHER A T RBOEA AR 2R U 7= G AR B O B (RS o fiF
e b Ref ) UbiECEAR AT UItEAERMEREO M RIZsE) L7z (Commun. Chem. 2021), ICT
2 BT 2 EMEY B RO 0T 7 A4 REALENAEAME R RO LH EEARISEAL, ARO
W FVX—ERNEZBZ D NTIHAEKRT 7 FROAIIC KD U, BIEREE O 56 2/ 217> 7=
(Nat. Comm. BEFRFFEAY), KGR AR Y 7 EEGERPRINT 5 A O R R 30T S8
BT b OIE XD KREIET b BIRE 6000 K O BAKHR S o4
B e L OMBEEREZEMAEETH D Z EEH LML, Rl —
~ NN K DhEIRRES A T X 7 A DOBRGRIENT 21T > 1=,

FHE BO2 THBYH Wi AIREEIAS T ONSIRIZ DN T T = & MHX
MIRTERELIEZ VWD Z &, B RO ZRICHE 038 X 4h
AR~ & AT T D BROOGREE A 3 /0 F5R TP TRt T
D2 TR L= (Nature 2020) (451X
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A% B BB £E T, S TR 2 A TRARS % FR R CIRIERBIAIIZ A7 T & 2 R4 iR
SotEEE LT L. ZE AW TEIER CO HEITLRIZHW LN LB FeRiE R KO8R E
RGN T DM E T B EIE M RO RO FREICET) L,
ABEB WPHE*| X FLT 7 U RUBEEA Y R—F AAHES U B (MeAcd-PMO) A3, JilitE T-HI72 4R 2 21
LD RN F—EEEEZ A TV D I L & 5I2IE PtHHEF MeAcd-PMO 23, 7K 5 DKF RT3
U CHEEL T LA REE (8.6% at 400 nm) 2/~ 92 L &2 R L7= (4ppl. Catal B: Environ. 2021)
M P 710 7 = A NIV R Z I TR SRS S ST I RITY 7%%@%7‘/
THICBIT HENR RN —(REEEEZ AL, 7428 ) Y— A%%Ejm”‘é J4avry ==
RIZBNT, KARAES FRE T2 — L U ACRRTEEOE T — hE— FEEH L7z,
7 FOSENC T 2B b A RN 2 2 LiC & 0| BB EmR AR T - o
HED TEO] 813 (NEHE T3 2ETHZ &Ik L,
|¢>% B KR | sl ISR Sz~ Y 437 7 U 7 KOS DS S OB EE s EREN S . BE 816
m (ZFT 20 ps THEET 2 HH 72/ & B2 L, P800 |12 = /L ¥ — % 3 ik K K il 5) red-BChl g
1%57 @%rbto
AEB K “NRAFNAT Yy RRDT
ESUA M)ﬂ/ﬁ%ﬁﬂyww RNVEIEDN S, LH2 &é?%% ﬁf*/\T%‘ F7e<TH, JEEMRHIZ LH2 & 63
SIS ELET T aEE ClEEERT R LT —BHNEZ 52 L AW LMNT LTz (J Chem. Phys.
2022)
(A3 B #BE MEICHE LA 7Yy FHFYIalb—va ECESE | 20y BHom bR T
(7% IERRBRECEF T D FIEORRE L, ¥ b b ¢ OBRMLETEMO ¥ ERM RIS L,
EHE CO1 FIERHE IHE K MED 1= b DN FREXEHIEIFE ST 2 8 7= (ST L CHHR DAL 2 2503 H 5
&L HIT (JACS2020,2021,2021), RIRA R & A L 7= — B P (2 & B altR K iR & 2 50052
AR L7c, KOFAEFRIZ IS 1T 2 3R MERIE Tk, 4 Bz L5 O,

RSB THIRRANY 7 20 0 EHBBIEL BT 5= AR i
JZEAVIR B G AREE 72 E A2 BA%E U (Energy Environ. Sci. 2021), /KEMED el Y ~.¢é®
AL A KIEICARIR L7z, 2 RIS & D a0y R Tl Al-, Si-% ﬂw

e rr ﬂﬂﬂﬂ
apGason’ n PSl of natural photaeynthesi

DEJEHRIVT 4 U L HH (ACS Appl. Energy Mater: 2019), & % & Cu-Sb 1
AR (ChemElectroChem 2020) %12 X 0 I1ZIE 100% D ER M T HL0, fiions
EAERTEDZ L HFIFELT, S BICRRIEE RN ZE ORI & Tk é
MnOy R L= D&\ 5 BEDBHTH LT, 42 < Hie il o (3 % M%! 3
FET BB E 72 (iScience 2020, 471X)), o toaded hetaamodain Naclas
EHE 002 TRkBY K2 7R L ¥ 2 @Rt co B ora i & uz;t
fil it - SEFEARR & B AT L. (CuGa)osZnS, 72 £ CO <> HCHO A 23 Al hE
TN % . CHy ZERRIZIETYE 2 79 Rh-Ru 240 EF NaTaOs:Sr Yefilit7e &) COz
méﬁk%@%’ﬂ%ﬁ bt AL L 72(JACS, 2022, Acc. Chem. Res. 2022), & 51T
SRR Lo &R ER RIS X 2 Mo @& E e CO, #8 e FH 36 1Y%
SYFIEH Y — ROBHZEIC & RN L72(JACS 2019, Chem. Sci. 2022, £ [X),
B C AU K TR EEZ R LT BiVO, 78 & O&FE -8 (AR08 77
BIRDNT ) — R L, Ko D HO, AR Z @RICAT O SOn R e AT L L b, mEx7 Y —
=V T DOWH ﬁ%rbto
1| 427 5 25 —HEEIR R BT 5 K@M A EFIH L. Ru 88k ETo
ARSI COz IRICD N G ARAEIZ L 2D Ru $EIR D ICEREN 2 5550E L 72 (J. Nanophotonics 2020),
SERERL 5y 2 FFORTB S T2 SRS TN D B 2RI 95 2 L TARK L, BRI
%/f%ﬁkﬂzmm LIeBICARN T 1 U R S W7o B EE R, ARBER)=R 0 BIR) 2 e 2 2k LTz,
/A% C (LA BEY FeNixSs & VN % COLEITIHBNN T b AF D URINC & BTHMER La RAT L L b
D4 BHALIT KT 2 EIEF 0> HAEE & IGMEO MBI &8 L 72 (J. Phys Chem. C, 2022),
17
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AROYIR S AEEE DB RAE L LT RERIT B A B R TR B LBk T8 B IS s S h T & 72
D, ARG N TEBAR VO E OB ER 2 L L, MERROWEZ ST 5 Z STk L,
45D RuBOETITE Y VU BEAL L7 Ru-WO RS -3 T K O B LA
R Z AR L, EORBEBREEMITICRT o & L b, ZEFBLGETREEFF>Z &L R LE,
VAEE CSEHIIN Co BL U Pt WAL 7 ¢ U L %M LT- TIO, WA T / — FB LI Y — LT 5%
SAL TR VAR U SEIARRRIE A N o h 370 K o3 il % 9] 6D C35RIE L 72 (ACS Appl. Energy Mater: 2020),
IR & B RO REME L, WTHEMRAIZ L 5 NADH FE & CO 5 F0f
By ~DfME WS, COBILIZE T BT 72 biE e R & 5ERE LT (Sustain. Energy Fuels 2022),
B C REVY SRBEAMIERART I BE IO CEROS 2 BB ~ 2B A AT 5 Fik s
flExr L, Ru RO IEALTHY COL iR ul I ME 2 R EERIIZ M) S5 Z L IZRE) LT (Chem. Eur. J. 2019),
|’A% C #EJ“?EEI\ BN TIRiESE T/ 7 T A& — % efililt BICEELT D BEOBNL T ILEE A 1 = X L% 5
T LALTREAT L. 2 O8N R % BT SRR 72 K S R D BN R E) L 72 (Angew. Chem. Int. Ed.2021),
A HRBRD 7 = 7 — a4 RuBsRERF L. 7= /) — AT VN ~OBETBEEN
L72 Ru ETORBBRIEAEIZ LV O Al B RIEAKT & BSOS 3 B2k LTz (Inorg. Chem. 2021),
WA CAKE A FET DIRAREATE & A 2 L HEOEIERIC L | WD 2 2 %k
T & DN LAEYRZYD TR L &I RAE T DR20%% COZETCICFIH TE 2R &2 ME LT,
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W= RN X —DENRFAE O L | KEBTIRE T HKEAFE - “RILRFRITED N AR
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ZICE LT, ZOM, ENILEM T2 5 L, 85 2R CRISEERE ) & Rk 29 4 7 14, ik 30 4
2 0, BFICE 1 54, Bf 2 2 3, B 31 T4, 58 2R L HE Lc, Dk
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0 U GE TR Z R U e E A ERE D A B A2 R L2 (Commun. Chem. 2021), @ /INEZ L
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ERFBEEE MG ANCIRE LIHESE CERZED D Z LIzl RELARRICHKHZHE-7an
T 4 VoA & T D R NA T REDEARMEE A BASE U, mhE 2 nIRE K FE AR
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I am pleased to provide an external evaluation of this important area of science that has the long-term aim of

tackling climate change by learning from photosynthesis how to convert atmospheric carbon dioxide into useful
molecules. 1 was able, prior to the Covid emergency, to attend the ICARP meeting that this research program
organised in Hiroshima. This gave me the opportunity to hear about all the working that was going on under this
project and to discuss its aims and progress with the major scientific groups involved.

I was extremely impressed with the project. It had first class and challenging aims. There was clear evidence of
collaboration among the different groups. I also particularly liked the very strong involvement of the younger
researchers how showed real excitement and commitment in the project.

I have received the list of the published work generated during this research program. It is remarkable. All of the
sub-projects have been impressively productive. The group leaders are to be congratulated. I am involved with other
international teams carrying out research in this general area of science and none of them are as productive as this
Japanese group. The published work goes from very basic science right through to more applied aspects in the area
of catalytic systems for the activation of atmospheric carbon dioxide. It is very important that these different areas of
science speak to each other on a regular basis. Such cross fertilisation is essential if real progress is to be made. This
research program clearly achieves this. I very much hope it will continue to be funded in the future as it is tackling a
problem that is very important for the future of mankind as well as the health of our planet.
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Photosynthesis is essential for the sustainability of life on Earth and for climate processes. The scientific goal of
this project is: (1) to obtain a detailed mechanistic understanding of the process of photosynthesis at atomic/molecular
levels using various sophisticated time-resolved spectroscopy, state-of-the-art imaging methods and advanced
theoretical calculations/simulations; and (2) to develop sunlight-powered systems for generating fuels and valuable
materials at high efficiency using the knowledge obtained through investigations of natural photosynthesis. This
logical approach successfully contributed important insights that underpinned the development of several functional
systems.

The researchers involved in this interdisciplinary project are outstanding and, in many cases, world class leaders
in natural and artificial photosynthesis, and have deep and wide-ranging expertise in the application of techniques
mentioned above. I am extremely impressed by the remarkable progress of this project, as seen from their excellent
publication records in leading scientific journals, despite the challenges of COVID-19 pandemic restrictions. In
addition, I am very pleased to note that young researchers have developed significant leadership credentials in their
own fields and have shown the ability to collaboratively work toward the goals of this project. Overall, this project
was clearly successful, and I hope this type of research project will continue to be funded.
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