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Supramolecular Photocatalysts without Noble Metals
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Water photolysis consists of five processes: (a) light harvesting, (b)
photoinduced charge separation, (c) hydrogen generation, and (d) oxygen generation. Under the theme of
without using noble metals, we investigated light energy conversion systems. Initially planned
supramolecules as an integrated system of (b) and (c) were unable to produced hydrogen. Concerning (a),
we found that synthetic chlorophylls assemble into ordered molecular architectures. In relation to (b),
naphthalimide and perylenimide derivatives were developed as dyes with high photodurability and dyes for
dye-sensitized solar cells. Concerning (c), we obtained electrocatalysis from a mixture of acetylacetone
dioxime and divalent copper ions.



B X C—19, F—19., Zz—19 (@)

1. WFIEBHAE 4O 5

KBt 2 ¥ —%FH LIz Kof#EE, ()
JetiitE, () KFHEBEM D, (o KFERAE,
(@) BeFERAE, WO TR IHMLTE
DT EMNTED., NLHIICKE T RV
—ZFHALCKREDRT DREETT DT
DI, ENENORE 28X E RO 5
Zll, FTut A0S LOW T NEET
H5.

FeiA L BT B & KFBRAEDM AL DY
B LTI, BRI, JEHERFISF (BB
ERFBR M 2R CIRA L THWS
ncT&i=. L, o1 TH ErBEhow)
FIXMEN DT, BFTEBRLA YR, SRy T &
R FEFE AR & GRS Tl As Lz 7
WEINRD . FRUCKR LE A, HER
ATIERL, HFEMEERICI 28 EHEE
WCHEBR Lz, BEEARIC K D ST &K
T M A SE RS U - B Ay K B AR ik
X, W oniEEH-omb o0, WTTh
LEMIBET TCORBET L TH T2,

Fox i, B THHEE Y DU aike
LicA U 2T NGEIRE JEIEA & L Ciib
L T 7= (Otsuki &, Chem. Commun. 2010, 46,
8466). I OEEKIL, NN RA A ITEMT
T5HZ & TAREBRAMBL 25 a1 Mk
WERETHE EHIT, a0 M1 F U EH
WCHOHEAT S (K1).

HABREAB A
N

light

H*+
X 1. HCOESEMEE.

ZHIZE - T, KREFRAICKLEREFBEIN
o1 TR i<, Ba7 T @ReZz
D, BT BEERSEBICH B L KER
ElIZBWThH, UM THLESDR VA
LT AL 2fEDOKEBREEETHK LT
fi i DPEREDFRIE T D ¥ — v A — N — %
WTFELE 10 SRV, Z OF & OB,
KRR CKRBRAETHHCEASTTE
SR K 35 % AR AR 4y - O d5e 19) D 45l
ThoT-.

L)L Z o5y FEsIE, HEEARBALIZ A
VYyn (~1FHllg) EvwoEeBEEHNT
WA EBRBEO—>Tholz. £ Z TR
Z, BB ERAVWVWECESICLIBES T
RFEFRASABE A RIS 52 L 24D H
HpE L7z,

2. MFZED B
WMEAEE L TEAEOXY LA IR

FHEAKRD L WVIXEOELKTHD T T H L
A4 FHEERITERLE. ZhbobaWix
ZEMENE L, FBIFEICbENT-GFELE L
THLN TV,
FLTK2DF 720 A I ROoTaiRs
L7-. WD F 7 Z A I RENLH G
NMNTHY, FROEEY DU, BOE
BT TN b A A TEE L TARERAE
i A TR D ELTH D, Z DS FE AN
T, B&BEZ AR OLfl2 59
D ENYHOMIEERITH -7

MeQ OMe
B, A8
N N
MeO O OMO O OMe
—N N
2. BOEAID X o TKERAE AT ik

THZELETRLEFTFAE A K
K.

BN DONPSTLZETHDIN, ZOHF%
HWERNBITITE AL ERFBRENR O
Iminolz (4. FRMCREM). £ 2T, K
WHFEDEF —7 Z DD, pFRetDH
PR IR, KRBt ¥ —2HM L7eKosy
fRICHATH D, Jefiitk, S BBk,
KRFEFAEICE L THRFT L.

3. WFFED kL

(1) BHHBEHOK 2R LTEF T H LA
RHEMRICBE LT, 9, 2o F28Rk
L7z, ZOEBEMITONT, Jeierk, i
TRHEEfENT L7299 2T, a4 0%
WML 7252 T, $EATERR, IIRCIREE, SERRE,
FR iz o 2 AT L=, BB TR
THMREHC K D KRFRAEREIT 72,

(2) SAREEN OISOV TIE, AL
74V OB CESREET L. KRS
WLz 7 0 0oFLEETHAE~
TRV LAEHCEEIRZ D L LB, 7
2w VERO—H 2R L, HEnIThL
THREY D UELREA L., ZOMELZLN
eV UONEEEETHEARL T 4 ) i
Rix, BOEAMLE RS, Bt 23 —#Eolk
AWML T, WRFP oA CEAZET L
EREE A ST Lz, & 612, iR oE
BICBE LT, EFE, RS REIZ X D
St ELE AR 2 SRR L 72

(B) FT7HNA I FICHALTIE, W29D
FHEARIZONT, AL L TORBILRTEG
FRPMEZGEMIICGET LTz, Ee, NU LA =
REBEMAIZEE LTI, JEEAl s L CEFEE
KGR A~DISH ZEt L, € OJeEL ]
Rtk & MaT L7z,

4) BN Z B ThDEA A %A
W KB RAEMBLZ S W TR L, BERILS
B A EEMIC T o7~ FOBRICEL - H



F A IC DWW THEEMRIT 21T - 2.

4. BFFEECE

(1) M2IZR-T45+F (Nl-bpy) ZGRL, b
BRENK BRI AEERZIT 71203, fimnbun )
&, KFRAEFHERIN o7

ZD4F1%, K/DMFE (1/1viv) F1C, F
THNA S RENLIZ L DI % 430 nm 12,
H#7 % 550 nm (2779, 10 uM NI-bpy {Z 3 uM
CoCl, Z Mz Tz & 2 A, 8t 173 12 L.
Z AU, NI-bpy & Co* N EAZ AL L TV 5
Z &, Nl-bpy OJihEIRIED D E BB E 721
TRAF—BENC L > THIEDHE ST
WAHZ EERBELTND.

Co-bpy SERN KB RAMBIZ /2D Z L1
T TIZHD> TWNDH DT, Nl-bpy DHIEANH
HEINTNDIZHEDLLT, KERENAD
e d Z &, HEOFRERN = R LF
—BE, HH0X, BETBHNEI-TH
W BB 2 D TV &V D ATREME DY B
5.

NI-bpy OHOIE, HEEETCH E L THND
TAIVEUEEE 30 UM BREMZ TH 1/5 2
B LT, Zof&MTix, KicksT
NL-bpy ®Z P HNT =4 BNAERL TWND
LEZ I, £IM5 Co-bpy $EKICETR
HRBZLHZENTRIND. ZO%AITE
FRE L BROFEFBENTE TV, (I
L BT RERENEZ B ARWERKIX
WEDELZARHTHS.

Q) B&EERWRWBO T MERE LT,
Highr7vuv 7 o VOBEBEESERTF L. X
B TREERINT D7 a7 0 L id4E
ALTHHET VT F LMREN 2GR %
R LTS, Fixid, Kkorsnon 7 40
DHEERE LG vv 7 4 Vo0
HAMEGEZTERT 5 2 &2 RWE Lz (st
WX, @, @). EhZAE, POoeE
ERIRO~ TR AP GHERICLTZZ &,
FLTCREY UNVER EORMIEERE L E
ALz EThD. b0k, miksd
TIFE G TR DEREEEZTER L, 5
REECTIHENMARY ~—iEE &5 2 &
Sinkipotz. HHrun T 4 LiFEKICE
L Tig, IR L7T2L 91T, HEamikiET,
DNA #E S 83 “ELEAMEEZ LD Z
EEHOMNI L. £, Bl FITBE LT,
DTS L ERT DR G IOV T, v
PN TR gW

")

X3. ANLZurZ7 BB T 5 _EbH
M.

IR OBIRFEE IC oW T, iR
R A FENT L, JEET v 7 & L COREE
NHHZE, SLIKETT 787X —%EA
L7 an 7 ¢ VEAKIZOWTIE, KAROD
BRI H BN D IHET 7 F /s
DEAKRE L TOBENRHDL Z L2 L0
(L7 (RRaEfE ) .

(3) AW CEBEGALE L CHWET 7
VA I NI RERBECTCOZOFLERE
BTHDHN, tOF L L THWAIZITWIN D %
kD 340 nm FRE L BHT XD, £ TH~L
X740 A4 Kb F 47 = HEALTH
"R EMESEEFZoLFTH LA IR
AR AL, WEEE & O T2 g
L7z Gskamsc@).

X424 EER L CREZRFTLI-0aE
DOEREZ T, T 7 XA I RERALD SO
WX EFREDTF 2 — =0 7O |2 i fE
MOBEHFEZEALZ. 25O MFBFITON
T, EBRIICRIY « gAML, dF
DO Z I ST L, BEILBEEE
ARt I L D EEIREE, BhiERERHE LA Db
BT, W EERT L. 72U T
FLBA BN RYIRAT S ETHEHL
Th, FexroaFix, —wopISEERE, 4
BAOREE RS R Tz,

o "o Yo

S~ S~ S .z
[0} l}l (e} o N [e] (0] l}l [e]
R R R

4. F7H0A I FFERELER.

Fo, YHIFHE THEEAL E LTHWS
FEE 72U LA I RHBEEERIZHONT
{0 BRI~ DS 2 et Uiz (S
WX®). ARBFZE T, K520 AR
T LU, T~ OEHRILOE VD ILE
BEHRFMEIZ 5 2 DB AR~ T, ORGSR,
BEHRIEDO R WY VU T NIy DR
RN 31% TR bEP-oT-. TOEBITLY E
WEAE CERICEBTEX 7D THY, &
BEN N LI L AEMOMAEERT
WL HE ST o T2 2 E B FRNIZ@ T &R
bnbd.



5. U LA I RFBEROOFEBEKE
B ~D .

GHEEBEZH W WKERAME - LCTH
LM A PER Lz, ZOfEE, 7R2FLT
T hoUAXRTLLE 2MOEA A HIRE
T4 L, FNFEREMBICHANT, B
B2 K BRARNBEINT Dkt & U C1EH
THZENH N E 2o T,

I B, EOWBENOLHTH LM amsEL,
AL FOTEFALTE N PR ANE
b, 5 o084 A NERLIHEEE
LoTWBZERHLMNE o2 GasUEFE
) .

5. EARIER L
(WFgefRFE . WFZEsHE K OV EERF 22 512
X THR)

UdEssams) (Bt 6 1)

D T. Inari, M. Yamano, A. Hirano, K. Sugawa,
L Otsuki, “Photophysical and
Electrochemical Properties of
Thienylnaphthalimide Dyes with Excellent
Photostability”, J. Phys. Chem. A &itd 0,
2014, 118 (28), 5178-5188. DOI:
/10.1021/jp502535n.

@ Y. Shinozaki I. Yoshikawa K. Araki, K.
Sugawa, J. Otsuki, “Control of higher-order
structures of zinc chlorophyll coordination
polymers”, CrystEngComm FHtd 1, 2014,
16 39), 9145-9357. DOI:
10.1039/c4¢ce00861h. Front Cover.

@ Y. Shinozaki, I. Yoshikawa, K. Araki, K.
Ohara, K. Yamaguchi, S. Kawano, K. Tanaka,
Y. Araki, T. Wada, J. Otsuki, “Coordination
Oligomers and Polymers of an
Oxazole-Appended Zinc Chlorophyll
Derivative”, Chem. Lett. &5t 1, 2014, 43
(6), 862-864. doi:10.1246/c1.140135.

@ Y. Shinozaki, G. Richards, K. Ogawa, A.
Yamano, K. Ohara, K. Yamaguchi, S.
Kawano, K. Tanaka, Y. Araki, T. Wada, J.
Otsuki, “Double Helices of a
Pyridine-Appended Zinc Chlorophyll
Derivative”, J. Am. Chem. Soc. &5 H Y ,
2013, I35 (14), 5262-5265. DOI:
10.1021/ja400493e.

® J. Otsuki, Y. Takaguchi, D. Takahashi, K.
Sugawa, P. Kalimuthu, A. Islam, L. Han,
“Substituent Effects for Perylenedicarboxylic

Anhydrides on the Performance of
Dye-Sensitized Solar Cells: The Simpler, the
Better”, Chem. Lett. 7t d 0, 2013,42 (4),
450-452. DOI: 10.1246/c1.130073.

©® KHEE, “OFr¥—2H 0D gel
Possibility of Molecular Energy Conversion”
MATERIAL STAGE #7i7¢ L, 2013,13 (2),
12-16.

(Fz¥R] Gt 27 1)

D Y. Shinozaki, J. Otsuki, “Demonstration of
Light-Harvesting Antenna Functions of Zinc
Chlorophyll Cyclic Oligomers”, H A%
595 FFMES, 2015423 H 26-29 H, H
ARFEHTHH (TH), 313-13.

@ KHME, “LsrFOMAENERORAE -
3810 B FA KL - T8 R0, K 26
FEFEHS 11 8] H AR 2P T2 B T2 b e
FTallESS, 201445 12 A 6 H, AARKZEH
TR R

@® Y. Shinozaki, J. Otsuki, “Supramolecular
Assemblies of Zinc Chlorophylls toward
Light-Harvesting Antenna” 2014
International  Conference on  Artificial
Photosynthesis, November 24-28, 2014,
Awaji (Hyogo), Japan, P1-01.

@ J. Otsuki, “Supramolecular Assemblies of
Porphyrins and Chlorophylls: 0-Dimensional
to  3-Dimensional”, Vietnam Malaysia
International Chemical Congress (VMICC)

2014, November 7-10, 2014, Hanoi
(Vietnam).
® 1. Otsuki, “Design Strategy for the

Supramolecular Assemblies of Porphyrins
and  Chlorophylls”, 18th  Malaysian
International Chemical Congress (18MICC)
2014, November 3-5, 2014, Kuala Lumpur,
(Malaysia).

® WiErAH DY, EERER, i, Z8)1
%, KA, “HREHENTTE=
VF T ENA I REFEDERK L WERL T
FEME”, 5 26 [RIBLAALA P O e b P it e,
2014428 A 6-8 H, Bl KFH GRRD) ,
P-03.

@ gIEs, KARE, “H.OlcHEihrs ne >
A NVUEEREZET ST v K ~— DL,
AR LT 94 [RIFRZF4ES, 2014 4E 3 A
27-30 H, A HERY (FH).

B Mk, ZH)ISEE, KHEE, Kotk
DT DY LR E AR cobalt
phosphate A IKDIER &5l K Y ~—d
HEL, AL 94 [RIRF4ES, 2014
3 72730 H, A HERY ().

@ FrHvES, KA, “vv U oUEiie s
OWHERAF T XA I RO EESR
RO IAL R, BRI FRE
94 [A|FZFAES, 201443 H 27-30 H, 4
HERT (Fm).

© FFHAE, KA, #)IR%E, KEXK,
WKL, “H 7 ZAEER BICHEE Sz~



L UV B AR D B4y - L
JVEETRHI, B AR 94 RIRFER,
2014 423 A 27-30 B, 4 B KRAE (B ) .
© BAMRERE, ZJ)IRE, K%, “titF
LEEIRIC X B KD B O BERALFEHI K FE R
A, AARFERE 94 [MIRFFES, 2014
F3 12730 B, AEERE (FH).

@ BEARIES, A)IRE, KA, 4V ax
FLor 7V a—L#HzERLICE ORIV
7 4 U CREER O BRI & B R,
A AL 94 MR E, 2014 4 3 H
27-30 H, AEEKRE ().

@ M, A)NRE, KA, U7 kT
N DU F xR AR AW TR
PR DG RIS L OB bR, B AR K
FRH 94 RIFEFFER, 2014 4F 3 A 27-30
H, AdHERY (B,

@ KARE, “BREFHH OLEWEOMHAEER,
A AL R 5 94 REFFELFeEm D &
WE O EAER © i NHBE - T
A A, 2014 4E3 H 27 H, AEREKRY
(%) . 189-10.

@ J. Otsuki, “New Dyes and Dye Assemblies
for DSSCs and Other Applications”,
International Conference on Dye Sensitized
Solar Cell (DSC-2013-NIMS), November 27,
2013, National Institute for Materials Science
(Ibaraki), Japan.

® FmEfs, KA, “BOEATERIN
LHugh s vw 7 4 VAR Y <=, G
L% 6 3nlEtame, 2013 4F 11 J 24
H, BRERKT: (Fhifl), 3Fd-15.

© RiREiE, KA, “GEHR~TOREEA
THEEN T v e T 4 ViFEKO B ER,
55 25 [RIEANAL AW O e b Fitames, 2013
£8 A 57 H, HEaAvYART L (e
), 02-05.

® KA, “Kr74 U HoHCEAHE
Lot EmREE R, —, D, =onT,
AREHIEFH BRI = R Y
7 A5 1E 2013, 2013 426 A 29 A,
PR (IR

J. Otsuki, “Self-Assmbly of Porphyrins and
Chlorophylls for Light Energy Harvesting”,
The First International Symposium on
Chemical Energy Conversion Processes, June
12-13,2013, Kyushu University (Fukuoka).

@ Y. Tsubonouchi, K. Sakai, J. Otsuki,
“Synthesis and properties of earth-abundant
metal complexes with negatively charged
tetradentate ligands”, The First International
Symposium on Chemical Energy Conversion
Processes, June 12-13, 2013, Kyushu
University (Fukuoka).

© Frmms, KA, AHIRE, “vryy
CEML A B O NIRAI T T VA X RO
HOEERES TER, AALZFRE 93
ML, 2013 4F 3 H 21-25 A, YLffE
R (FH), 2PA-126.

@ P/ NER, KA, “AEM L RFONE

[T VA NN O b Wi S R - 7 N g s
ZORHE", ARILFERE 93 FEFEFES,
2013 4F 3 A 21-25 |, ML K5 (A ,
2PA-127.

@ =B AH, mO®A, XA, Islam
Ashraful, Han Liyuan, “f 388K ET
DEREHEDIZDDNY L P LR
VA X NIRRT, B AL 93 FE

£, 2013 4E 3 A 21-25 A, MAnfEK
(B&&), 3B2-44.

@ fEIREAME, XHME, Richards Gary, /NI
=, /NERBS, [ KRS, HNE, R
KRFEZ, “GRBERBELAT LMW 1
07 4 VFEERO A CEEEE, AR
FREIIFEFIER, 2013453 H 21251,
SRR (W), 3D5-05.

3 e, KA, “Fz=lL &2 A—
=TT T XA I RFERARED
Gk & BRI REE, B AL 93
B, 201343 A 21-25 H, iffE
R, WH, 2PB-064.

@ J. Otsuki, “Coordination Directed Porphyrins
Assemblies on Solid Surfaces and in
Solutions”, BIT’s 2nd Annual World
Congress of Nano-S&T, October 26-28, 2012,
Qingdao (China).

@ WlkEfs, KA, MIE=, Ak
BE, “3fLlcE Y raaT 5Hinranm
7 A VEBEROH CESHIE, 4 EH
ARFENMMIET O =27 hVRY T A,
2012429 H 15 H, HARZICHEZH O]
).

(Z Dfh)

DO A==
http://www .chem.cst.nihon-u.ac.jp/~otsuki/
otsuki.html

@ KHIE, “Br74V>/Z7va7 410
LAMEHE & By THRE”, SRR
FORBIRIEB R 26 FEE % WIfhiRes,
2014212 A 6 H, BRDOKELZF KT, &
IR

@ AAKZE NHIZEZTuY s ME (KHE
fh), 6 DORIK, HAKRZENMIET 1Y
=7 MNEE, AARRTE, U AR AMR,
2014 4£ 3 20 H.

6. HFFTHEARR
(D) WFgefzs

KH # (OTSUKI, Joe)
HARKS - FR5R - #d%
MiEEFK S 80233188



