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A#FHIZ, CoLEZ2ET 2083 VEBRI» BN Y Y U EBESTF (RCP) DRy
MEZDADZRBIZOOTHFELEREZZEDLLDTH D,

B ST MW AAUEE S . PR AUESIc e Y XY U R T 5 RCP OA RIS Z Dk
HEIZOWTHERDOME 2B L . AFZEOERE., HIWIZ D W TR 7%,

B2 T, B DR 31T & U diwk sy o AT Eh I & flE U 2 RSB 2 S F[ele & X 0 v 4G
#l (MRC) # M\, 3647 RCP DY DAl - HikIc D \WTiliR7z, RCP Dtk & L CHREED
E%2 AT 280 FIERATRAEEH (MCC) 2w, LERAHEE DT (CCP) &M L 72, RCP
VX TTE) e ZERE A K DAY MR AR IC K D, WIE T 5 CCP X D &ML E w—J5, WO$
B TR TRLF—RKE LA TH o7, T, 0 Y XY UAUEEIC BT 2R S O T E A
K&\ RCP 1%, A MMHEAIRZKE (, BHEE, sV X—2X ) RE»o7, T,
MRC DHEBIEPRKEL BN TEL LMY v 7 AR Y = —fiT MRC Dl k7 D &5 T8 O 5 b
PREL7-0, vy XYV EEOMEBHIICHESI N Lr o, INODREERLD, vy X4
FE iz BV 2wk o O A EhEISIE . AUE RO mILIcE S5 T3 2 L 2HS I L,

% 33T, sy OB Z I L 72 MRC %2 . 155 4172 RCP ¥ o §1Ai « Lhiic o
W7z, MRC EFRIU S 7#% 8 e 92 MCC 2°5 CCP 2D 7oA L 72, Wk o @it
., R D E S FEOKR I I X D HINEETH D | FEBRIC MRC & [H U & F#H%E AT 5 E o 2]
uy X riEfucIinzirolz, 8o BEROLIRREZTR->7% L 25, CCPIFTHDOK
Xk 5T, FROR IO T AMERE W —) T, RCP IZEHDOKZ T4b blalagon#ittkic X
DELZIEHOTAMRZIC, CHE, B2 XY U BEBRICB T 3RO OEINEICL D, A
— PR R T OB B DB IZ 7 6 (BRI Ebo b b ELoNS, TRNODFERLD,
0y XY U AUERICE T SRS O, UG BILIcE S T 5 2 EEHS I L,

B4R, 2EN 3 EOMEEEMIALT 52 L2 HME LT, BIRIHEED R L 28 F[2]a ¥
¥ GRS, EREAZ 1 OMP LI D REREHEZ2ET 2 EEZ 0N B [B]0 Y X A
&A% WA L7z RCP oIz oW TR, v ¥ X9 v 4EHIH & RCP. F g FitAHEA
ZukEAID> 5 CCP % 2N F AL, 2 0% hlg L 72555, AlEfRoIEF IS n ¥ 35 v 44
Fri%ZH9 2 RCP TH-oTH, CCP LD LI TH L I &3y ote, £/, [B]u ¥ X4 v AIAE
AEDESN/RCP X, [2lu ¥ X HUEAI L DB SN RCP XD b TH o7z, TN6 DFEHE
X0, v¥ XY URESICB ZERRS ONESEES 7 ) v E v IH, EEROENLE b6 T
ZEEREHL,

PLEpo, Tad x4 G2 X 2 8GR0 A = X L D) & v ) RiLoiEi 2 Higc
S UCHELRMAAE SN, A cEoNEZu Y 3 v EEHIZHWE Z 2T, Ziite= LR
Ve — ARG L. EEEEE R Y v — L ARSI D I EDARETH B, . ARFRIZHI
mua Y XY oRER R R T ABOEELEH 2L LELDTH B,

% FSCE R, FI3L 2000 F & HIL 300 352 LS OHHT 20 b L <IFBEL800 7% 1 EHEH L T2,
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This thesis summaries the study of toughening rotaxane cross-linked polymers (RCP) obtained by rotaxane
cross-linker having vinyl groups and its toughening mechanism.

In Chapter 1, the general synthetic strategies and properties of toughened cross-linked polymers, especially
RCPs, are described to clarify the purpose of this thesis.

In Chapter 2, synthesis and physical properties of RCPs with different movable area at rotaxane cross-link
points obtained by rotaxane cross-linkers (MRC) having different axle length are described. Covalently
cross-linked polymers (CCP) are also synthesized by macromolecular covalent cross-linkers (MCC) having
same backbone and its length with MRC as for references. Resulting RCPs show better swellability, extensibility
and toughness than corresponding CCP probably due to the “canceling of non-uniform cross-link structure
effect” caused by movable cross-link points. It is also described that RCP with larger movable area shows more
toughness than corresponding RCP with smaller movable area. According to these results, it is clarified that
movable area of rotaxane cross-link points can endow cross-linked polymer with toughness.

In Chapter 3, synthesis and physical properties of RCPs with different mobility at rotaxane cross-link points
obtained by MRC having different axle thickness are described. CCPs are also synthesized by using MCC
having same backbone thickness with MRC. Resulting CCPs show similar mechanical property, although RCPs
show completely different mechanical property depended on their wheel component mobility at rotaxane
cross-link points. This suggests that proper mobility is needed for rotaxane cross-link points to enhance the
toughness effectively and mobility at rotaxane cross-link points control molecular friction. According to these
results, it is clarified that mobility of rotaxane cross-link points can endow cross-linked polymer with toughness.

In Chapter 4, synthesis and physical properties of RCPs with different end-cap structures and the number of
topological cross-link at cross-link points are described to verify the results of Chapters 2 and 3. Rotaxane
cross-linker with much smaller movable area than MRCs gives more toughness to cross-linked polymers. In
addition, [3]rotaxane-type cross-linker which is expected to possess more freedom enhances the toughness of
cross-linked polymer more effectively than [2]rotaxane-type cross-linker. According to these results, it is found
that rotating and flipping of wheel component at rotaxane cross-link points can endow cross-linked polymer with
toughness.

In Chapter 5, the results of Chapters 2—4 are summarized and future perspective is described.
These results give important and intriguing knowledge about the toughening mechanism of RCPs.

Well-designed rotaxane cross-linkers can change common vinyl polymers to high-performance polymers with
toughness. This thesis also gives us the designing guide of novel rotaxane cross-linkers.
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