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Crystalline Structure Analysis of Novel Multi Olefine-Type Copolymers
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Molecular aggregation structures of a novel copolymer composed of ethylene and anisyl-
substituted propylenes with improved mechanical performances and self-healing properties
were investigated employing small-angle X-ray scattering measurement. The circular-
averaged SAXS intensity profile exhibited a shoulder peak derived from the inhomogeneous
electron density at 0.2 nm-!. The diffuse scattering is assigned to the sea-island structure
consisting of microcrystal domains and a rubbery amorphous copolymer matrix. Besides, a
sharp scattering peak was shown at 1.3 nm"', which is absent in the past
ethylene/anisylpropylene copolymers. The scattering peak would be derived from the
microcrystals produced by the ethylene segments, whereas the assignment cannot be
confirmed yet. Therefore, we discovered specific molecular aggregation structures of which
are characteristic of the ethylene/anisylpropylene copolymers with improved performances;
thereby it would be worth developing a molecular design for new class self-healing polymer
materials.




2. ERLEW

O MENT, BETHRIESCIINES Th D= 0kk4 REEICE LS A S TnWb, 4, 8
HxBEMICE T TE D THBER D7) 2, "ihoRHFmb, REAMOKRE, &R - =xL¥
— DI e EE A RBLEDIEH SNTWD[1], THVE TITHRA 72 A AEEMEE S TR RESNT
WDR DTSR FR T DT D LM S m MR B A LB L 32 Z L Z N, 2D,
LAM 7R R & RIS T RE 72 M ERE B CUEE & 0 T OB N < LEN TV S,

B, Il DI, WA V7 ¢ v LIEMmIEA LV T ¢ & DILE S A R BT I E AT RE 2 Ay RS A A
ZBHFE L. RO CIXFEBINEE CTH > 7B EA S % B L TW5[2,3,4], A HEAREE A R >
FRWAST g B LT o VEATEEEA T T AL T B v —Th D
T VEBR T e L LI LT 4 ) v —THhH LT L OREELES YD THEE
L. B2 I AN, REEZER 7T Tl L KRB, 7 A U MKEERPCH, B AC
EERL T Z a2 R L[], Fxld, ZOFEA VT ¢ URIEESERO B CAETE R R BiIEE
Zo. /A X BREGEL (SAXS) &AM X AREIHTHIE (WAXD) ZHEMRICHIE U 7o T 1o 5 & B8
72 L. fEgatET /) R AL DRI X DA M
B R#Ee xRy U — I #EEEAN B EEE
MRBUCEETHDL Z L 2R IEDT-[4], .
WO, €/ ~—fHe, BAUCRFORE,
VAR i i35 B R QNI L=t 7/ o D I I S O e o e
REFRE LTS, TONFERNE, B CEERHE
DFRBIUERE 2 F ) A — VR P& 123D = i Figure 1. Chemical structure of the Poly(ethylene-
9252 a2 HME L, SAXS HIEIC X 2 G anisylpropylenes) copolymers.

Wrait->72,

3. EBRANE BB ERFE, T FEOBRE)

HEMT VARG Lo F Ly /T Bl o L BHEA R — (B4 £2.0mm) %
Xy 7 V=RVl T, TR FICERE LT, XL ¥— 8000eV (JEE 1.55
A) OXBERBHIEEA L, #ii#s & L CPILATUS 300K (DECTRIS Co. Ltd., pixel size: 172X 172
um?, total number of pixels: 487 X 619, frame rate: 200 Hz) % V>, BELXHRO2WRITIRE T — & %45
Tre A TEIT1667 mmTERR L7-, Y 7 FFiRDZ AV, IWRITEELXERE 70 7 7 4 L %215
7=

4. EBRRRLELR

BT FLL /TR oL R EAS R
DTG SAXS T —# & MR L7z —WOoe LR
717 7 A /L% Figure2 |Z77, 0.2nm™! (ITIZHE
FEEOARE—MIERT 2y a v & ——7 238l
M Eitz, =F LU dlBENERT DMk KA A v
ETLREED~ N U 7 A THERR X35 U R 55 i
MhEIZHkTHEEZE2bN5, SHIZ, ¢g=1.3nm! IC
BELE — 7 BBl SN, ZORELE — 27 1%, iEko
TF LT VBB T B YL R E AR o]
N THET, ZORFHIRA TH T, olol ' ‘olzl I Iol4l l Iols‘ | .olal ' ‘1|0I I ‘1|2| I I1I4
/N REIE (0.08 - 1.0 nm™) (ZFRE L C—RocH A o

log 1(q)/ a.u.

BARSECARATIC & ) “ARHEE D R A A o X & R a/nm
WA2BH U7, B BRI B IR E o AR~E)—M: Figure 2. SAXS profiles of the ethylene-
WK T AIRE B 7= 25, FHBY B oo kM anisylpropyrene multi-block copolymer.

ERKAEINS RAA A XERERMAE RS -7

LA ENEISnm, 21nm TH o 72, FHELL 5 nm O E TR St AN 5t 00 254 o R EEEE 21
nm THr L7z KA 0B S 2 T2 LT D EHERI SN S, BUIR Tl ¢=13 1Bl &S iz —7
DIFBIZTETCWARVR FEBLEDE WRY L7 4 AACBWTREBEOE— 7 BB S TS =
LD, PEESHORESAEE ICRE T 28ELTH D EHERI L TV 5,

5. SROWE

AEIOEFRICI Y JFERE L B CEEEPWE SRS ERICEN T, iBkOILEAATIE
B SN2 > ToRJAIK) 5 nm OFIIEENFEST 2 Z L AL L R oTe, T OFHIHEE OEIR
&L EEAERO WY, AOBEELEE OMBEEZMAT 5 Z LT, fiE= X METT RV T —UR
m AEREIENHFF SN LR Y A V7 1 SR H CEEMENI R 2 EiERY S et ORESL 2N




D, slEfs ., WEAERDOS TG L T/ #iE % SAXS HIEIZ D I RMANTHIZET D L & b
(2. iRAH SAXS IE-CHM R 2 B E KRB TO SAXS MIEIZ K » THBIEDENIZIE S TIE
TH D,

6. ZEICH

[1] Patrick, J. F.; Robb, M. J.; Sottos, N. R.; Moore, J. S.; White, S. R., Polymers with Autonomous Life-Cycle
Control. Nature 2016, 540, 363-370.

[2] Pan, L.; Zhang, K.; Nishiura, M.; Hou, Z., Chain-Shuttling Polymerization at Two Different Scandium Sites:
Regio- and Stereospecific “One-Pot” Block Copolymerization of Styrene, Isoprene, and Butadiene. Angew.
Chem. Int. Ed, 2011, 50 (50), 12012-12015.

[3] Higaki, Y.; Suzuki, K.; Kiyoshima, Y.; Toda, T.; Nishiura, M.; Ohta, N.; Masunaga, H.; Hou, Z.; Takahara,
A., Molecular Aggregation States and Physical Properties of Syndiotactic Polystyrene/Hydrogenated
Polyisoprene Multiblock Copolymers with Crystalline Hard Domain. Macromolecules 2017, 50 (16), 6184-
6191.

[4] Wang, H.; Yang, Y.; Nishiura, M.; Higaki, Y.; Takahara, A.; Hou, Z., Synthesis of Self-Healing Polymers by
Scandium-Catalyzed Copolymerization of Ethylene and Anisylpropylenes. J. Am. Chem. Soc. 2019, 141 (7),
3249-3257.

T. FOCHR - BERF OF - AREICEIET 5 Z R TORKMRHE)

1. Wang, H.; Yang, Y.; Nishiura, M.; Higaki, Y.; Takahara, A.; Hou, Z., Synthesis of Self-Healing Polymers by
Scandium-Catalyzed Copolymerization of Ethylene and Anisylpropylenes. J. Am. Chem. Soc. 2019, 141
(7), 3249-3257.

2. Higaki, Y.; Suzuki, K.; Kiyoshima, Y.; Toda, T.; Nishiura, M.; Ohta, N.; Masunaga, H.; Hou, Z.; Takahara,
A., Molecular Aggregation States and Physical Properties of Syndiotactic Polystyrene/Hydrogenated
Polyisoprene Multiblock Copolymers with Crystalline Hard Domain. Macromolecules 2017, 50 (16), 6184-
6191.

8. F—U—F (& : RBROERFELHET D HEL2~3)
INAE X RREGEL, RNV A LT ¢, HOEEMEME

9. BFFERRABIICOVWT (1% : ¥ 2 IRl L7-AFER RO ABIC OV TO L @0 5 Higi L&y LT
7EE, £, i (B BREMEE L Z —~O@E, EIIFREREAHRA~OFERRRORH 2 AL T 7
SV, FRHEIRRITR AERERK T 2 EUNTY, B2 2018 EEFEmERE CTHILE, 2020 £ERK (2021 4 3 H 31
H) &720%9,)

FWI & A 7T, ZRH O ORI H#HEFIZ ZRRAL I,

@ XX (Emf) EROBRE (RERH . 20234 3 H)




