BRALFHITHEC L D o RS FRERORME
B L OIhEIRIES A F- 3 7 X DOHHEIZES 3 2 HT5E

Rk 27 AERE

(GYNEINEES



= ®Ww x = 5

T SUN 2 K 4 {UNIINETS

£ im L E H
BRAEFROTEC LD n BRI 2B
&R L OBHERRE S A T 2 7 ZADOHIFENZ B AT

(NBEDHEF)

UTED X AETEfToL—— 0 HEDE LWOERIC L Y . BRRONEEROHEEARIZBNT
IO HEBECEL A = R L — R I R X B R 52 5 Z LRGN E o TS, —
5. BEEFETREZ YN NS 2 & TEEOARS T ORRBERC R 72 C SRS 2 FS A | ]
LTGRO L FRE CTH 5, 2D L ) ICaERIEOREGE 2N ZHilEd5 Z & ¢, FER
REM DIIEIRAE~DFE TIERSIEFET 1T T/ < L hEIRAED & OFEFHEFR 2oV T b bt 740 A/EH
EHREE L, BRI IR E ST 5, AT, £, 7mre 7 o VEPRORLVT 1)
VBRI T, BULE S TR TR S RO B RAEODIRSR & £ DffRIE DR
ARSI L RESEFEL TWD Z L EIRRTND, IKRIZ, RUB U BRDNERITHEER LT3
ZY ARERAER L, Wbk O— B ZAT E O i —HEEREEOARBISIER Lz, 2 D
DR B BRI V8D RO ATV, U Z 2 UFEEOR O L E T
717N T OB RNE S, SUNEE A 5.2 5 Z L2 LI LTINS,

51 E TR, T RAEEL L, ASesCo BRI AR LT,

B2 O, iV OLRINEE L BRI A AT AL T ¢ U UEREIRIT L, LML Sy
TR X D0 T 21 T o 7, ZAUMERCALE 0 FEEARIIRE /SRS NNz, FEE DM
HA LTS, FEEECRLN 2 Z I ANV RRERRE DS ATRE S 70 5, ZAUDRERRIARIZ T Dbk
FHTERRRI TR TR, TR TR OWNEEE IR B LT D Z & 3Vh o Tz, #
(2, WWBEOWEHITH D - FEIERZFIH U2 FEREO > FEEAIR L bk U ChiiRIED Ry
(bZBE 5 = LITEEh LT,

B3 ETIL, 82 EOWNKREFIE ST CTHIARRENL 28 A L, 72 NEEE DR 5
TVT 4 U DS UHENIE D TEEREIERIEE aa A RIAZE DIEY 3005 Z LT Uiz, FF
2, AT 1 U BRIEROEIE & ORNGREG OFEZZIRANTHIE L, BAAES 2372 a bk
WHEZEHML L, 7 A MY FEAICEE S S8 RER DI b8 ST,

4TI, B, ORI D B 100% %8 2 A bkl 7ERk & O RFHFmbz
DL, Nyt ZERERW - ERGRAEH Lz, 2 DO H 2 U ER O CAVOREE
NIRRT G- 2 5 B % a3 D72, /e 5 3FREDO 2t “EBREAR LT,
EARRIZA 2o afidE LT BRI L, R U &R TIE, 99V FRIOE T~ 7
VT E N ARERE ol T OEW T EHIEGR L OB O = EIRIRAED I EE R OB
TEEE RIS 5 Z & BRI ALY MVRECIHLNZ Uiz, Fi2, mitEagcias o
\HEEERDNBD L, 4y FORSEOIEEN SRR U7 Jaie 4 1 - 3 7 AHliEA R LTz,

%5 FCIE, AGRSLORREER L OV Tl & hIRIEEORIENC L 55 % OELEETL LI,




SUMMARY OF Ph.D. DISSERTATION

School Student Identification Number SURNAME, First name
Fundamental Science and SAKUMA Takao
Technology

Title

A Study on Synthetic Control of z-Conjugated Molecular Aggregates

and Excited-State Dynamics

Abstract

As efficient photoinduced processes such as electron and energy transfer are observed in
molecular assembly on protein matrices in the natural photosynthetic systems, construction of
light energy conversion systems composed of organic dyes have been developed using synthetic
and supramolecular chemistry. Self-assembly is a spontaneous process occurring mainly through
noncovalent bonds such as hydrogen and metal-coordination bondings. The possibility of
controlling macroscopic structures utilizing covalent and noncovalent bondings opens a way to
design and synthesize materials capable of exhibiting specific properties and functions. In
particular, by utilizing the intermolecular stacking and sequence with the proximity, the
photophysical properties are largely dependent on the orientation and distance between two
neighboring units, which has a great effect on the light absorption and deactivation processes.
However, in the aggregated molecules, the excited singlet and triplet state generally decay with
relatively short lifetimes due to the exciton intreraction. Namely, the undesirable quenching
process occurs in the aggregates. Thus, rational design and synthesis of intermolecular structures
of m-conjugated molecules is significantly important for control of excited state dynamics. In
contrast, singlet fission (SF) is also regarded as multi-exciton generation (MEG) process
whereby one excited singlet state converts into two excited triplet states. The electronic coupling
largely depends on the orientation and distance between two neighboring chromophores. In
particular, the systematic examination on the intramolecular SF in angular pentacene dimers
have yet to be reported.

In chapter 1, the background, motivation and aim are summarized to highlight this study.

In chapter 2, the metal coordination-assisted porphyrin assemblies were successfully prepared
to investigate the excited-state dynamics by metal organic frameworks (MOFs) technique. MOFs
have a great advantage for controlled aggregated structures with well-defined internal structures.
The longer lifetimes of triplet excited states was observed as compared to the related z-stacked
macroscopic structures.

In chapter 3, as an extension of the previous chapter, we demonstrated nano- and micro-sized
porphyrin crystalline structures utilizing pillar ligands (DABCO etc) by different two synthetic
methods such as solvothermal and colloidal MOFs methods. The excited-state lifetimes of
porphyrin assemblies prepared by colloidal method is much longer than those of the other
systems.

In chapter 4, angular pentacene dimers were newly synthesized to examine the generation and
decay processes of the triplet states by SF. In the angular dimers, the relatively week electronic
coupling between two pentacene units contributes to the slow kinetic constants of SF.

In chapter 5, the results in this study are summarized, and the perspective in this field was
finally stated.




