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AG@3CIE, “ Development of Highly Functional Supramolecular Mechanophores Based on Rotaxane” (2 Z ¥4 L Z1HH L7
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%5 2 #*“Mechanoresponsive Behavior of a Polymer-Embedded Red-light Emitting Rotaxane Mechanophore” (a4 /rd 1
BXAPUTIRAT )T 4 T HHN LT T ORI 2 & 2%8) Tk, HITRE L TR DOMEE AR
XX BB T AT ) T AT ERABTHIEEENE LT, REAREHEZRRS TICEALZe Y 285K
oo REZXV RN T LE OHIZHARAEEZ N L TEAL, MELARNRBENEARY ML EARIET L2 LT, AR
2 %Y ORI T 5 R AR L, FONTRY UL & 07 )L MIHHNREE T b iRy im a0t %
AL, 7 AVAOIEMIZ LD INIRE D EAESAMRNT & A ST Ls, FIENREBORVIRGESR T, & R
JEH L VEEHIOM OSIARREEIZ L0 BRSF L WEHOREGERMET L2 Z L ICERT et Rm Lz, £, R
Uy LE o EREIE TS5 2 LT PIOREEOEIH Siv. R TOREEOLREZ(LOEG AR
L, Au Xy ORNEEHE2LETE LI LW LNIT L,

% 3 E“Rotaxane-Based Dual Function Mechanophores Exhibiting Reversible and Irreversible Responses™ (R[iti « /R ] it > [ J7
DIEERTREXY LA ) 74 7) Tk TNIEE UTERRS A by /=048 0 $hT 528 276 H Lok
DFAN 7T HRARTHIEEAME L, BIRIEGEE X by —HiE, £ LA O TS 2 MO AT L
aZ XY BB AN ) 7T HER L, A2 o RNEAINTRY U LE T 0 )V Nl Lz & & ot
AN MVELERIET HZ LT, Au ¥ XY U Nl s R LA " T 2O L, £, AU UL
BT 4 TR0 IR UG LTz & & ORI O #OEIRE 2 IE T 5 2 & T, MfEY A 7 VEOBEINT A, BRrRso
WIBEN EHT LI L ETR L, Re X URRAWRFENET R TIEHLNI L, ThbORERITMA T,
v Z X OMBNIKTT DIIFEE L | K2 X OMGF2IER L, B ER & +2icEmn A by
—ZBIM L7z o Z X9 OBMARIMIC ST 2 FCEB A AT 5 2 & T, NA RN BIRS T 07T v KT
EERLTWDLZ EEZH LM LT,

%5 4 E“Force-induced Shuttling of Rotaxanes Controls Fluorescence Resonance Energy Transfer in Polymer Hydrogels” (/)i
fFrnsxhrovy b I ERA L, SRR R —BEiO e A rhcolfili#l) T, vZ X3 ETo i
LD HNIGT RN ¥ —F B (FRET) OR#iehli#lz BiyE L, =34 ¥— K —& LTI % Bk
BAL, TOEHFICTINX =T 7877 —L LTOROIECHAEEA LTon & 340 255 Uiz, Wik ToRINE
HART FAVEREL, BRRGFHIKTIE RS =057 7 7% —~@Esh%/k FRET BEZHDIK L, ¥ F¥ %
22 8T FP—LHHMOEMBEN S L IEEFHEETBENC X > T FRET AflEh s 2 L 2H 6L
oo Flo, Aud XV 2RI UL XL T e el u~8AL, DEINT2 2 & CREaEEBEN EH L2 &
N, mZ XY BT AT ) T+ T AT FRET Z Al ICHITE 5 2 2L MNT Lz, 6T, b RS
N EEER LT T 4 VAP TORD Z XV ORNEFE L Wi 52 & T, BAKRETFTICRBWCBYTAN ) 7470
HEEPYESIND Z EE2W BN LT,

%5 5 #“Conclusion and Perspectives” (ffiim & P REE) Tid, FETHOLNIEMELBEICOVWTRIET 2 & &b,
Sth DR LB~

INEETDHIC, KREn 2 XY 20D Z Ik 2807 AN ) 747 OEsiebE i L, B 200 0B
RRIEIRMEA R L2 E B 2D, TN ORRIE, B e ig i S B B OB B0, B2 2B A 92 A 1/
747 DRFEICRE EHBT D LI s NS,
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Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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This thesis is entitled “Development of Highly Functional Supramolecular Mechanophores Based on Rotaxane” and
consists of five chapters. This thesis described that rotaxane-based supramolecular mechanophores that exhibit various
responses can be developed by modifying the molecular structure of rotaxane appropriately.

In Chapter 1, the histories and challenges of mechanophores as sensors for detecting nanonewton- and piconewton-order
forces are discussed, and the significance and purpose of this study are described.

In Chapter 2, a rotaxane-based supramolecular mechanophore with a red fluorophore introduced into a cyclic molecule
was synthesized. The rotaxane-incorporated polyurethane exhibited relatively strong fluorescence even in the force-free state,
and the emission contrast was low during stretching. In contrast, when the polyurethane was swollen with an organic solvent,
the initial red fluorescence was suppressed, and the ratio of change in red fluorescence intensity before and after stretching
increases, indicating that the luminescence behavior of this rotaxane can be improved.

In Chapter 3, to develop rotaxane-based supramolecular mechanophores utilizing force-induced dethreading, the
molecular structures of the cyclic structure, the stopper structure, and the quencher are modified. When the polyurethane film
into which this rotaxane was introduced is stretched and relaxed, a reversible change in the fluorescence intensity is
observed. Besides, when the film is repeatedly stretched, the fluorescence intensity in the relaxed state increases with
increasing number of stretching cycles, which is ascribed to the force-induced dethreading.

In Chapter 4, in order to reversibly control fluorescence resonance energy transfer (FRET) by force on rotaxane structure,
a rotaxane with a green fluorophore as an energy donor introduced into the ring structure and a red fluorophore as an energy
acceptor in the vicinity of the green fluorophore was developed. The red fluorescence intensity increased when the
polyurethane-urea hydrogel into which the rotaxane was introduced was stretched, indicating that FRET efficiency was
reversibly controlled using rotaxane-based supramolecular mechanophores. Furthermore, a comparison of the
mechanoresponsive luminescence behavior of the rotaxane in hydrogels and in dry films revealed that the
mechanoresponsive behavior of the supramolecular mechanophore is improved in hydrophilic environments.

In Chapter 5, the results and discussions in the chapters are summarized and perspectives for the future are described.
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