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Development of functional self-healing materials

based on organic-inorganic hybrid nanoparticles

Self-healing materials enable to prolong lifetimes and improved safety, which are important attributes to

consider for sustainability. However there has been often a trade-off relationship between the mechanical
properties and the dynamic healing in most self-healing materials. Here, this doctoral thesis proposed a
construction of new molecular design based on organic-inorganic hybrid particles.

Chapter 1 has summarized the background of self-healing polymers and purpose of this
thesis.

Chapter 2 has demonstrated the molecular design of mechanically robust and self-healing
hybrids under the mild conditions. The self-healing hybrids based on dense cross-linking of
coordination bond exhibited excellent mechanical property (Young’s modulus = 0.56-2.13
GPa) with self-healing ability under moderate condition (recovered 80% of mechanical strength
at 50 °C for 24 h). All results demonstrated the possibility of chosen molecular design for the
development of efficient self-healing materials using silsesquioxane nanoparticles (SQ-NPs).

Chapter 3 has summarized the composition effect of self-healing hybrids. The correlation
between the self-healing ability and mechanical properties has been elucidated by
systematically varing the structural composition in order to improve the mechanical robustness
and self-healing ability under ambient condition. Carefully tuning the bond dynamics and
strength by changing the counterions and metal-ligand feed ratio enables rapid self-healing and
robust mechanical properties (tensile strength = 15.0 MPa and Young’s modulus = 0.58 MPa).

Chapter 4 has focused on the photodimerization of anthracene. The results and the synthesis
of photo-responsive hybrids that enable wound repair through spatiotemporal property control
were presented. The photo-responsive hybrids were prepared by UV-A irradiation (365 nm) of
SQ-NPs having long alkyl chains and 9-anthracene moieties on the vicinity to induce
photodimerization of anthracene. Surface scratch has successfully repaired by irradiation of
UV-C light (265 nm) which induce the monomerization (viscous body) of the anthracene cross-
linking points.

Finally, all the studies are summarized in chapter 5.




AR DOBRER VEEAROBROER

Sf 4 HF 1 B 26 H
AR A7 AFRRE

MR CEERAR S
T & AW
BlE ] TN )
BlAE RE W Fl
. 3 S el
BlE =]

AR DOBFER OEERROBREEZ TROLBVHRELET,
i
I BHEREL S AT LY K4 xR G

o3 &M H T 7 U RISORIT % 5008 b L 7-HEENE B SIS E R OB

s
%{iumigﬁﬁ% m*% A 3 7 E $ H B /%fﬂ 4 ﬁi 1 A 2 0
amo 30 A HE Sf 44 1H 20| B AT | T¥#mo B2 —301k3IF—h—n
%%%ﬁ#% ey HRERBREAR | & 4 £ 1 H 26 H

AR DOBEFROES (1,000 FRE)

AFEALER ST, REMECHETMAEOR B, T BER, B 32X —~ER 58T E LTHiRFSh
TWAHBREME CEEMENCE L T, 8- 1 7 ) v RSB T2 BB L LS 20 FistoME L BRI
DWW Ca L b O Th D, RUET —~ I3+ R8N - MEERH Y, TORRIC OV TS EFRTIMLE TV,

B1IECIE, FEERLEN - BRIIOVWTGHLETWS, BOHMELZFHE - FITT 5720 0FEMMmMRE I,
MEERE - BRARELLEREA TS,

H2ETIX, THNLHEERO—DThLH-A 7Y —VEORMEAIZ T, ZEEE AV EZAX 433 0
B 7 (SQ-NPs) ) % M6 BRI\ 2R+ 2 = & TERED DM LM T CHIE 2 EETRR2ERER A TV v FOARK
ET-oTRERLITND, HECHEOR R ARIGIZEA L7z SQ-NPs &tk L, 2RI F oG » 5 2
5 HEEEMERLHUIE~DEEBLZHLNITH I L TAAL T Y v Rk 7o B3 CEEME~DIS ARt 2R LTz,

FEIETH, BNFLEBA ALV ORERI VA — A F L OBEREOEBERNAATY v FEERT D42
R RRONCE(L &8, BRHRME~DORBE L LBYMRE O BN O L, BE{kShid 7 i, Eh s
OFE X (HESR ; 0.58 GPa) LHHE (RIS /) ; 15,0 MPa) Zar L7edd 6, iR T THERAYIEE BREETRT & R OEIZ
FCRIETAIEEEEZR Lz, £z, B FRBUSIZE S AEEER LU A EEE0RBRE2HL T L,

HAETIL, RICLA2MEOMERIEZTREL 757 Ty ZEBIKICER L, " 7Y v FORAMEILRZ R
o, AMEHIRRFHC X 0 MEKL R 72720, MBNC L2 BGFRERAZ 7 v FOEEEEEZR LEZ, Zh
WX Wk 2 RARRES c HEEHOBRNTREL 2D Z L2 EF L, HFRiHethcH -2 a2 527,

EHEETIL, 2F2KREL., Bl koRBEEMmE L,

REMFH L OBRITEY T, BELE-TWD, TR HEM T, RELEWET —<IZB - =P
fEam AR X H N TWD, AIFERRIL. BREELZEREER L Lo Q EHER) Ik TEEHoh Ty
Do L EZREMITHEL, FEREBLUHMEAE L LICTFNEBRP+SICRD OO EEEHELE, 28
AFHICHE, AFFEMEE E IR E IR B ENHANCE S R IMNED Y T8/ A,

EERBROBROES

BRI, FAEMSIATE SR ERRICEM R E R OICEER BIZDWTHEL Y FEiE L7z, WThOBERGEI
BLThHENCEZER &SN, ThbDRBR., FMHTONEL L NCEESEICET 2RI +oTHY, Bl
D EBET HOIC 45 EMAR e RN EF LTWA LHlrahi, LEXY, BEE BT SKBIHEL
s






