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Molecular Dynamics Simulation on Hydration Structure of Thermoresponsive Polymers

Kohei Kamadal, Susumu Fujiwaral, Masato Hashimoto!, Tomoko Mizuguchi!, Takashi Aoki?, and
Yoshinori Tamai?

(1Graduate School of Engineering, Kyoto Institute of Technology, Hashigami-cho 1, Matsugasaki,
Sakyo-ku, Kyoto 606-8585, Japan, 2Graduate School of Engineering, Universitiy of Fukui, 3-9-1
Bunkyo, Fukui 910-8507, Japan)

1Tel: +81-75-724-7859, Fax:+81-75-724-7859, E-mail: m5617007@edu.kit.ac.jp

Key Word: lower critical solution temperature / poly(N-isopropylacrylamide) (PNiPAM) /
thermoresponsive polymer / hydration structure / molecular dynamics simulation

Abstract: As for thermoresponsive polymers with a lower critical solution temperature (LCST) such
as poly(MN-isopropylacrylamide) (PNiPAM), polymer chains are in an expanded random-coil state
below LCST, whereas they are in a compact globular state above LCST. Although several computer
simulation studies have been carried out on the hydration structures of an atactic PNiPAM, there
have been few simulation studies on those of a PNiPAM with different stereo regularity. In this
study, we conducted a molecular dynamics simulation of a single PNiPAM chain in water, in order
to investigate hydration structures of a PNiPAM and effects of stereo regularity on hydration

structures.
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Fig.1 Snapshots of hydration structures of an atactic
PNiPAM (a) at 250K and (b) at 400K.
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Fig.2 Radius of gyration Rg vs. time 7 for an
atactic PNiPAM (a) at 250K and (b) at 400K.
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Fig.3 Temperature dependence of the radius of
gyration Rg for atactic, isotactic, and syndiotactic
PNiPAMs.
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is a hydrophilic particle.

Dissipative Particle Dynamics Simulation for Self-Assembly of Bolaamphiphilic Molecules

Takahashi Yu, Tkebe Hiroki, Fujiwara Susumu, Mizuguchi Tomoko and Hashimoto Masato (Department of
Macromolecular Science and Engineering, Kyoto Institute of Technology, Matsugasaki, Sakyo-ku, Kyoto 606-
8585, Japan)

Tel: +81-75-724-7859, Fax: +81-75-724-7859, E-mail: m3614002@edu.kit.ac.jp

Key Word: dissipative particle dynamics simulation / bolaamphiphilic molecule / structure formation / micelle
/ vesicle

Abstract: The bolaamphiphilic molecule consists of a hydrophobic stalk and two hydrophilic ends, and
spontaneously self-assembles into various structures such as micelles and vesicles in water.Dissipative particle
dynamics simulations of bolaamphiphilic molecules are carried out for various values of the interparticle
interactions, to investigate the formation processes of self-assembled structures. By chaging repulsive interaction
parameter aaa between particles A, our simulations show that various self-assembled structures such as worm-like
micelles and vesicles are obtained. It is also found that the bolaamphiphilic molecules self-assemble into spherical

vesicles when Aa is small while those self-assemble into worm-like micelles when Aa is large.
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Table.1 The repulsive interraction
parameter aj; between particles i and j.

KLFFREDM | K3 /N T A
A4 G — X (a;;)
AA 30. 0~150. 0
AB 200. 0
AC 200. 0
AS 25.0
BB 25.0
BC 200. 0
BS 200. 0
cC 30. 0
CcS 25.0
SS 25.0
[ - BE]

B A TRl 12 ) < AR
HAEHDIEE aan ELSH
5T LT, kRx RIBREOEE
EREoNT, A¥Ialb—
va rTHLNIEERD A
F v Fvay hofE Fig2
[ZRT, 2O Aa=asa
—acc /NI E X LERIRD
NI NVEET D DITK L
T, AaDREL 2D EME
WOBIRI B EEKT D 2

EWRGMD, THUT Aa BREL72DIZHONT, KA AR EDOKIES DR ClRIEDKFEST LD R
Lo WEHMWBBNE S T — KR EOMENRRE S RDINOELEAOND, SRITRT
VRN —RRLARRF N T A — S FEFRE L, BREOIEHMEE L L <

BTk

(c) apa = 40,Aa = 10 (d) app = 50,Aa = 20

Fig.2. Snapshots of self-assembled structures obtained by
bolaamphiphilic molecules (a) for aax=20 (Aa =—10), (b)
for aaa=30 (Aa =0), (c) for aaa=40 (Aa=10) and (d) for aaa=50
(Aa =20)Solvent particles are not displayed for clarity.The

difference Aa is defined by Aa= aan—acc

WD TETH S,

[1] X. Li, I. V. Pivkin, H. Liang and G. E. Karniadakis, Macromolecules 42,3195 (2009).
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Tab.1 The glass transition temperature in each cooling rate with p=0.7
Heating Rate Cooling Rate Method Ty Ty
10 K/min 20 K/min DSC No 15 C
10 K/min 100 K/s DSC No 18 C
0.5 K/min 100 K/s TM-DSC -14 C 25 C
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Shear thickening and fiber structure of ternary mixtures of water/organic solvent/salt

Hiroki Nakamural, Koichiro Sadakane?, Naoki Tsuduki!, Takikawa Yoshinori3, Koji Fukao3

(1Grad. Sch.of Sci. and Eng., Ritsumeikan Univ., 3Dept. of Physics, Ritsumeikan Univ., 1-1-1

Noji-Higashi, Kusatsu,Shiga 525-8577, Japan, 2Faculty of Life and Medical Sciences, Doshisha

Univ., 1-3 Tatara-Miyakodani,Kyotanabe,Kyoto 610-0394, Japan)

Tel & Fax: +81(0)-77-561-5842, E-mail: rp0022vs@ed.ritsumei.ac.jp

Key Word: Shear thickening / antagonistic salt / fiber structure / rheology

Fig.1 Multilamellar structure model.

Abstract: We investigated rheological property of the ternary mixture of water, organic solvent, and
antagonistic salt. The mixture showed shear thickening in a specific shear rate region. The relaxation
time was found to become shorter with increasing shear rate. In addition, a change from a spherical
structure to a fiber structure after shearing was observed by polarizing microscope. Furthermore, the
spherical structure is transformed into a fiber form after extension induced by shear deformation, and

a possible origin of shear thickening in this ternary mixture will be discussed.
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Fig.2 Time evolution of viscosity in
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Fig.3 Shear rate dependence of the time
required for reaching a steady state at 298
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Fig.4 Dependence of shear viscosity on
shear rate for ternary mixture.

Fig.5 Polarizing microscopic observation
(a) before and (b) after shearing.
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[1] K. Sadakane, A. Onuki, K. Nishida, S. Koizumi, and
H.Seto, Phys. Rev. Lett., 103, 167803 (2009).
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BERICEFOMIlAE 2 D &, o IZLL TG
HHTE S Z NN 5, R

R *
TT:L(a+\/a2+l) oo

@, Fig2 A schematic drawing of a

2T, a IEROMETH D, Cole-Cole plot and a tangential line

i OFEREC L > TR AR, %\ L%

Fig.1 A schematic diagram of the experimental
system of temperature modulated dielectric

measurement

Imo,
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Bk & LTI, Polyacrylonitrile

(PAN) [ Scientific Polymer Productft: égg ;é (1:(;%?7%2 & 300nm)
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Fig.3 A schematic drawing of the detector containing a

7 — 7S FETC-10SAS, JEE 0.lmm) T PAN D=7 50 A1) IREZHM e —%

L L7z, Fig3 27 477 X OEdE#ER LT,

WEDOHEND . PANITERE S S+ ThY ., TR
ORI TH D o WBEDTFET DHZ ENTHho T
EEITV, o R LT,

[R5 & B 2]

Fig4 12, PVAc &}, PAN O~ v~ 7% /R LT,
WHZHRT DL MY 7, D& DR, 7 OfHE &
5 ERATHD I LMD, ZORTH, WiHEOME
FIE—E L TWVD EWVZ, 0 13,0 1, [ZHETHIVREE
KEMZRTZEDBDND, 2O ENG, o (IHEEREM
& DOEEMEDMEN G T-1H B 2 S L7238 L& A 7 Ok
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2% 3Lk

[1] A. Harada, T. Oikawa. H. Yao, K. Fukao, Y. Saruyama, J. Phys.
Soc. Jpn., 81(2012) 065001

[2] BEBHESL, AT T asiMe R & 3m =C (2014)

BIFTHN =/, @50 F ORI, p.390 , H5EEE (1971)

TR A8 L L Ca @FELIAMNC
7. Bl AEE. = oo @kt Ll

2
10% I A R [ R

oy
@
| ~a
\“
= ™,
~ ‘e’
ol KRN 4
o3 10 3‘
e o
)
g . ®
. L
S~ \, ®e f
LY % T
N ‘
. o
-2 Lo :"4 “““
1%.003 0.0031 0.0032
7K

00024 00026 00028
TR

Fig.4 Dispersion maps of the 7, or
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PAN.




P7

FASRBEZI OB TFOLN - HRICET SHER LI FRHNFIIaL—2a Y
BALREH A JST S E41F B RO #RAE BE A AR BHREA

TERBCEISANENTNDRY =F L o OEELHIEICK T DMAMER EO7-DIcid, v~/ ux A7
— LT TIRAeL . DTFATr—NICBITAE ot AOMANLETHD, R =F Lo idfkamE e 7E
NT 7 ARBDORERIND T A THEEE LS TEBY, ¥YIalb—ra rTIIBEOHENHL L, BET o
TABLMA SN TWed oz, RIFFETIEL, SR - B — AR A O THGUES FEI BRI LD 7 X T
YERVERR L. ZOMEF 0% 2 TS T Ay —A b7,

MIOIZ, ZWRICEAMIER G, = a MofEr b oma THEZEET 22 L T7 A AR L
7= FHIRICET D N ENTHZ ET, 7 A THEEOERZMRE L, TO%, BAGHTHEEZITV, G

ET OB LT, fHEEEZRKEL L, £/ v—0% N=2000 O &5 185 500 R HiEKT 52T
AFGREEPLZEA LTz, IS, ZHhEE, —# R OSIET, M mIcMmR Lo R 2K 1 IR d, g
THE, TENANT 7 RABOTENT 7 AJE LG E ORI IR AER T T8l s = (X 1(b), BED
INSWRIEER Sy Dy DRI BN AR LI B2 bRD, TO%, 7TEALT 7 AT > TZEIADERE L
TV 72K 1(c))y SHICHIET DL, 7 A TEED KT EFHEN T ERTFRBIEINTZ(X 1(d), ZD
7ot ATEFEMESE TBRSN TV AME o A [1JERETHD Z D, SRIOY I 2L — g
UHRERITERERE LKHEBTETND EBFZ2 6N, EAPKEL T e RZHBWT, MilEn—
EDF A ZXDT 1y 7R TERECAF
ELTNDZEND, 7ATEE%R @ ﬁ:ﬁ ﬁ%m (?ﬁh‘ . fl
LS B ILRRY £ X - e B e '
EZbiD,

ME LB OIE ) & KB R 2]1&
BB LTo b 25, EHMICHERN B A e & 2
Liginote, THEEBRTHESAT b rzuo72 2h0sR  waoms
WHR Y X ITBREV I 2L —Y
2V THBETE TR EMNER
ReEZ Iz, 22T, MR e Bl Aok (@) (b) ()

TEZEMERT D2 & THREEERL, B T4 n {}‘u
EETICIE Li(H 2, HEMFcHS TS G
A TODZ ENBIK 2b), FHiEIERT S Z &
TER Tt AeBET DI LN TS, &b Misao s
FEL TV EZNAER LK 2(c), ZDOREDIEG {},
INIRMD R NET MTHARTERER [2]1% &L <
BLTEBY, Ry U 7BHETHATEL LB LN,
[1] W. Adams, D. Yang, and E. Thoma, J. Mater. Sci. 21, 2239 (1986).

Bl1 TATREEOME S a2 (F: fim f&k: 7ELT 7 R)

ZADER
M2 TAITEOERT 1k X

[2] H. Zhou and G. L. Wilkes, J. Mater. Sci. 33, 287 (1998).


P7


#7 n—7NVHEVRBAERIZBIT ®RILOSFVIab—vay
: mibicBT AL o FIRA

WA KRBT A B

<$EE>

n-7 /L7 (CnH2n+2;Cn & BERE) 138 © BEMIZRSRRILKFZETH Y | Hix RAEKRBEESARY =F L
VREDEAERERECTH DL, FOEELHIET 100 Fr < RSN TEX 722, %< O HEREFIe 1388
FEORi- T2 n-T D o xtG l LTz, L LEEORE, B21E Vax RAKEICR NS
LT, A REZSO TNV UPNRIELIZEESRTHY, REOERRST- -7 VI 5T DIRAMN
RO REREEBLE2 52 LIIELS hbambhTns Y,

THHEOHEEORL A n-T IV Cn.Cn’ OIIRER
(binary mixture) TiX, $HEDZ*E An=n—n’ /P&
T IR E LTZEBE R EZERT 58, An DB RE A

2L MANEEERT I EBMOR TN ("), L, ¥
—REFETHEOBER ML L BT LV (B e, ok
FEAREEA r—)V) TIE 7 afSBEZ LD Z bR @ @
BENTEY Y, RAEZOHEEIITERLY LIXD 0 HEH
REITHD, Tz, AnBREL 2D LERIRRETIIAR
CLYED ZEBHRRNT LN TODR, fdbs _
PR & o THIGBEO R E-CE 13272 0 2 L, BVAsC |
L5872 2 7 cOBERR LIRS TV 5, BEST * o
DIRARTIZED L D 7efb i bid e 2 & CREVEER S 50

VIR S B A TR T 2 D022 S EI RN EZ BRI Fgﬁﬁ?ﬁﬁ;ﬁﬁﬁﬁ%ﬁ%mm
BETLECT 5 2 L IR SERICERBR ST s 2 8, Fo T :
KOG F A=A L TRHRAENEEHT L0002 L

TR EIRARKE RN EIN TV,

(b)

B

Liquidus.

Liquid i

Solid
Solution

Temperature

Solid B +liquid

Temperature

=7 B FEREDSF T 2 b= a VERWEMIEL R D ELS 0 BITORTE N, FRb
I TO=ZEEORICHET 2 EnHskE 5, () EMSERSEM (PBC) #HAW-HERICKEX 2R T
DY—ERE - BRI SN ONRE—ER TH Y  FEFICRX

G EIO S & TR T 5 IRAE RO RLZ R T DRI, 350 —
IR EAREESI R T, Q@ BEERRE (FRaboZER)
6 DAY KR -+ PBC T CORERLIC T, BOEd | 2
VVREE CRESHMEOBLAIN FTRE TH Y IR AR ORFFEICIZAFER A 72
HRD D, Q)RIEDBHERZ R A N T HES
FHEFZEL (Surface-Freezing ; SF) -+ n=-7/Vh U E@ sl EoD
R CHRAE-ZAE S CARR RO B FIESER S D Z
& (SF) BEoNTEY | FHEEEZAWZETH SF 3 FH S
N, ZZTEHERR, BEOZODr—2 2 L 3 TORRILIC i ]
ERT 2, 1501;““015““;

molar ratio of C,,

<ETNWEHEBEFTE>
n=-7 V4 NZIXEE O united—atom TV EEH L, 1ED Fig. 2 Phase diagram of theC10/C20-

—J%572 Rigby-Roe Db D& AV, DT BHROAF L mixtures. It{elddcutrcles 'I'etpreseélzh -

N - experimental data points, and the blac
(CH2) & Kidfg A TV (CH3) HHIZCH2 & LT -T2 ; o F K and open circles are the start and end
Vi CH3 ZE D2 I+ 45/ &y, $5E & L TIE C20,C10,C25 72 & temperatures from the MD simulation.
BEZ b @?Eb/ﬁ\;f:"f“@%ﬁaaﬂﬁ BT LT, ERE LTIt Solid line is a theoretical interpolation.
LARTORFE & BRI 4R 72 51 77 o) (Lenard-Jones) % F ¥
HHFE COMMILTS, LIETOMR L AfkeRE2E 27 Y, o FBI53HEIZIZ. 0CTA @ COGNAC %
JIAVERIN


#7


<BERRLEBE>

1. FAYRSEREHT CON—BHRLERE

ZRTTANTERIZ K E 222 TOD €20/C10 0% TO¥W K - lEBER 7=, —EHEE TOH
HIBRRIZBIT DI/ E =RV —DIREZL LY | R b OBRMIRE & & TIRE 2 Ak (C20 DE /L4y
BE) oB%E LT 2 127, EBROZERLEE GRIL) LT, W EE IS IEIETEICR
XM EI T B S NS (M, FEREZ & SERITESOHEROZNFEE CH D), ZORE iln
i, WA TH D Z L omAEENIEFITHE VY (5K/2ns) Z SIWICERERT 5 & Bbivsd, EBRE)
(213 250K F2E CIHE UG 2 B CHEIBHB AR S D & Bbiud 23, MD FHE Tl (BRI C20 4303/
SWEA) KRERBHEIOTZDICZDREZ THEZIEE TRt L TRV, fE bk I’ Rk (2 58]
IR FRAMNDEE TW A AEEMEN K&V, FFE, R INBREE T, C20 & C10 BT Lb
TREAEL, AT gttt L s L9 IcR 2 5,

2. BEEER>SORERBRE

R &I RIS, MRmEROFEET T
BRACERIENEE D (ZEX T
), X 4 1R T LI, fEsboBRts
BT, ERORSLIRE (700l
BVIR ST D THTVY) EFEFIC X< 3
L. @EENRIZ E A LBRIS A Z, B
SN HiEmGIBRE S FFIZ C20 wEB KX
WEEAT. JET 020 2N E IR LIRS 5
b L. C10 TR HER S Tun <,
fEe b DB ENER T 020 RN/ EL o
TL B L, FERBIREN SIS 72D |
C20 & C10 BFEEIN TR THRETH LD
IZR 2 %, IREREm{CIREEITE 79I
I REET, it NIEHGE R 2 £ CTHT
H - M BENEITT 2 IS LD 08,
LD L ZAEBENR G TENFEHET

Fig.3 A molecular image
of crystallization with
fractionation in C10/C20
mixture.

IS OIEFITHEIELERZBIRIT 5 Z L ITHRAR W,

3. BER T® Surface-Freezing

K517 T L9 RZOETICEHREZ
FFOMEER Clix, [R5 Chbsm D 5y
FRENBHE <D (SF), IRARTO SF DH
RIFZ < 20, AElO M 8 C20 230F
FHM CH S TRAE R T DT 8 S
ni- (K 6), EEFEWRS ORERLIZHERD
E DT NRBEHEINBIR D03, 0 e b 5
BN W R LR REAFR S TS &
2Zbhbd, BHEAOEFEMEIL. HIHED”
R =R OB R L, HORRL
DB SN,

[BE 3R]

Fig.5 A molecular image of
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Fig.4 Phase diagram in the system
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Fig.6 An image of fractionated
crystallization within the
s surface monolayer on the free

(upper and lower surfaces of surface.

the figure).
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72T A RO EMAFNEZ A~ (D) &0 Pl m 2 KD 5 & 150°C L7220 | £72, DTy = 1500 cal /R,
T,=T,-30K=-30°C & L7z, (R:5MEEK. T,: V7 ALBEE), Figure2 XV T,0 =150 °C 05
AIZIE T, > 100 °C LOEMREZ T, T, < 100 °C OHFAICIE T, =130 °C 2 IETDH L, ot b
5 LWEMA ARG ZENTE, Z0O ADEMRIL T, =80°C TRAET S,

Figure 2 OfENTHE R L 0 REEEZFHHE L7125 D2 Figure | OfFRCH Y | EBFEREZ K< HHE LT
Wb, REETIEZNOGDOFEROFIKIZOWT, 7 A TEOIRERFHEOERERL S FD T, FRHIHH
BT O EET L EHNWTELZETHTETH D,

[BE] AF7Eo—H IR 7emiBh4: G5 FHF7EB)) (21740311) 12 X v i S vz,

[1] Hoffman, J. D.; Davis, G. T.; Lauritzen, J. L., Jr. The rate of crystallization of linear polymers with chain
folding. In Treatise on Solid State Chemistry; Hannay, N. B., Ed.; Plenum: New York, 1976; Vol. 3, Chapter 7, pp
497.

2] Keller, A. et al. J. Mater. Sci. 1994, 29, 2579-2604

3] Strobl, G; Cho T. Y. Eur. Phys. J. E 2005, 18, 295.

4] Konishi, T.; Sakatsuji, W.; Fukao, K.; Miyamoto, Y. Phys. Rev. B 2011, 84, 132102.

5] Konishi, T.; Sakatsuji, W.; Miyamoto, Y. Polymer Preprints, Japan 2014, 63, 5087
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Figure 1. Temperature dependence of the growth  Figure 2. In (u/D) vs 1/T(T,° — T) plot for the growth
rate of the isothermally crystallized sPP. rate of the isothermally crystallized sPP.
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R DT /R Th o4/ vy Rid, Biidh. &2 W3R E OV I OfE 42 £,
Hiffda T/ 2y N, S, i SIc@ 8o SEm s FE L Tnan, MEer /2y R
T, SO % F B (Fig. 1a), MImIZIE(110)i#E S L < I1X(100)d %2 £FFo[1], £ D7
DI IE DEVMNZ L D0 T OFRAEROEEZFIH LT, S &l 2Bt 2 2 & 23
kb, ZoXHCEITICEREN SN-eT 7 oy Rid, ke 0BG E/ER %2
ALT, A EICESSEZ0, i ECoEZ Y 59 EnsH 5, £2C, v=
Bal—yalBmRES7 1 um 2250 EE4eT / ay REEICRICAK TE 5 HIEO%
NEENTUVW,

WM& 2R o4& T/ oy Rid, Ag A A v & & R miEMHERKSRH C, 7= U BRED
fEEtE e ZEERE S5 Z LItk o THELONDR2], ZOHETIRLIS AR ENLE&T
2y ROEZZ500nm BETHY, LVEWET /vy RERIZIL, B2 5 ZEREO TR
F == —=ZARNEThoT, —FH, FETEVERRED > — N2 R miE Al o7 v p T
ESELE Ilum ZBZD48T 2y R 90% EOEINERTERTELZ ENmbLNT
W2[3]e & T TAMIETIL, 7 = UEERIRE ORE B A FUETEERI O S VR TR S 2 &
T, lum Z#2 DM EeT /vy REElCRICEEICER T 22 2 HE LT,

AW REEEAIEIAX YT OV NI AF AT v E=U A7 B K0I M EA T HT UL
MU AFALT oE=U L7 B K0.075 M OREASFEIEEAIKEER T, Wet Chemical 312 X
STHBRLTE[4], ZTORER, —BEEOMKGOAT, 1um 22 &7 A7 hMeé&T/ ay
K% 60%FEHE D L WIER TH AT 5 2 L ITkE) L7=(Fig. 1b), & D4F / v v KOk
OB FRFBEBE LR, A THDLZ LBy hoT-, BETIE, EkSbhT&iz)
By ROMEAI=ALEXMBL, HbEICRICEWSET /vy RGN 5M4E, &
VAR TR OREEE A A PR & i SO FE OB DRRGETT %,

(@ (b)

1(a) MEEeT 7 vy FoMEX,
b) G LIEET AT MRS
+ vy ROEFTEMEE,

[1] Johnson et al., J. Mater. Chem., 2002, 12, 1765—-1770.

[2] Smith et al., Langmuir 2009, 25, 9518-9524.

[3] Takenaka and Kitahata, Chemical Physics Letters 2009, 467, 327-330.
[4] Takenaka, RSC Advance, 2015, 5, 34690-34695.
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JOELY - SUALHEEAGKREENOHREL-EHFEREL A0 —LERROBER
IERBEAARE - PR O P @' - BRI ' - FE BEE - A3 #C . W e 2

Sl 744 7F v 7 -KYTuar' Ly (PP) IXERLERMIC X » THEMEZR RS EXE 2R,
KEJETTRUE N OLHEIL TRERILSED &, BH o fHEFRENAERMARERINEN, BETT

%—kElEl'ﬂié'&f_ iy HHEWIOIFERSZENER T2 083N TW5, v HORBNTIX., 5+
SHE A IFITER S VA YR AIZHEE L TEBY . % OE D TrEmIZIT R &7 W R 7o i 4

BEEBALTWA[1], yHOME (y&) XMV EAETI A TRERKT DO, THETNIEED

(TR 2 DOPIREFRIRNEETH D, v ARSI D DlEms & PP 3 EHI B W TR
FETIZBWTORER, EofEASY Iv—, MO FECODEOTF L Ui & A % vt Afil
BCHES LT X LHESKREE TIIHETThy 2R T 22 &8 MbN TN D,

AL TIE, A X vk Uiz AR sni-7netELy—xoFLr - 07 haR) <~—ilk
((P-E)RCP) & M\ Ty dh Ot R A T8 2, MR OMFZEICIT, RREE & & b ICHAE
pERE DB N R, lE . S 7 BB iS22 & 7 X 7 ORGIKRTH 2 kit 3%
RSN D 7o O HE A TERE DB N NEE L 72 228, S Hum LT O E W5 Z & T iPP O o
FEsh DR & = DOTEREZ L % FEH ﬁ%#é:&ﬁﬂ%k&é:kﬁﬁ%énfwém % Z CAMF
ZIZRNTH, (P-E)RCP & IE) 5 OSIRMEMLIC I T 2 5 R R R & HAE PR O e Blet &
ﬁw\%®ﬁ§ﬁ§%k#6\:KUV%ﬁﬂmﬁﬁé%m%%%ﬁ%%\%Kyﬁ@%%k%ﬁ:
ALZEH BN LTV,

[RER] kX (P-E) RCPiAEL (Mw = 260%x103, Mn=68x103, —=F L > 433=4.7 mol%) % A\ 7=,
1LOWt%Dp-F 3 L ViR 2 H 7 AFER B A E Y 33— R L C140°C TR 2 %8 &8, J& & 50nmfLE O
A ERL U 7o, WA R Y b AT —Y (Mettler FP-82) | T180°C24y fiIfhfi S 7=, ftdb biiE
(100°C~120C) THERAEAL S HT, ARERIICFIEME (Nikon LV-100) DONAHAFAMEE %
AWTZDOGBIEEITo72, K-30CTREH L TURE 25 IES 7%, BHFFIER S 15 Mmook
> 72 I ZT0C~80C Dp-F ¥ L VIR 2 AW CERE L, B STV 7 4 v U — R 2 FU1-[# )
BAMEE (AFM. Seiko SPI3800) & i@/ FBAMSE (TEM. JEM-2010) Z MW CTRi~7z, 7o, g
D7 O RIFRICHE f b & 72 (P-E) RCP/3L 7 BB O XHR A EHT (WAXD) FEBRAZITVN y /0 O b
{LIR AR S~ T,

Morphology and crystal phase of propylene-ethylene random copolymer crystals in thin films
Ken TAGUCHL, ' Akinori FIDIIKAWA,' Akihiko TODA,' Toru IMAL, * and Koji YAMADA?
(‘Graduate School of Integrated Arts and Sciences, Hiroshima University, Higashi-Hiroshima 739-8521,
JAPAN; ? Inuyama Films Technology Center, Toyobo Co., Ltd., Inuyama 484-8508, Japan)
Tel: +81-82-424-6538, Fax: +81-82-424-0757, E-mail: ktaguchi@hiroshima-u.ac.jp
Key Word: polypropylene/ random copolymer/ thin film / crystal growth / polymorphism

Abstract: We investigate the crystal growth in thin films of high molecular weight propylene-ethylene
random copolymer (Mw = 260k, ethylene 4.7 mol%), which in bulk state crystallizes mostly into y-phase
in slow-cooling process. In thin films crystallization, two types of crystal morphology are observed;
elongated lozenge shape and curved crosshatch structure. We report the temperature dependence of these
two types of morphology and discuss the relevance to the crystal polymorphism and in particular to the
v-phase fraction in the bulk samples.
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Figure.l The percent y crystallinity vs.

crystallization temperature, Tx, determined
by X-ray Diffraction for (P-E) RCP bulk
samples.

Figure.2 Phase-contrast optical microscope images of

TR D, R0 EHREN B D 7 7 AN
Yy TFHEEITZDaR) v =R BHIR R L A bh
%,

Tldy B E ZITMFHET 2 DD, ETRIRAE A &
71 ANy FREE OBIA TG LR IRAE LT
AT 5, FEBE 110°C TIXZERAL S OFIE 23 i
HZ s (Fig.2 (a), 115CTix7 B2y FHf
HEOEIGBEML WD (Fig.2 (b)), 100~110C
OFPFATIEEE LTERBRABHIENTEY |
VT REHZ BT 5 y fhr® (Fig.l) & O E %
BRI DL, ERMERBEL LTy b, ks o
ANy FHREGD a ICHIG LTS ER b5,
FEEE. TEMIZ X 5 EF#R[EHT(ED) (Fig. 4) OfFHT
MmB, 7 uANy FHEEIT o fh, ERERTy B
THDHZENFNY ., 2O XD RERIROEEE
HRENL T A0 V=R y I Lo TED L I ITHE
R S5 O BLBRZE, ED R O FEM, ek

(P-E)RCP crystals grown in 50 nm thin films at (a)110°C for
1hrand (b)115°C for 4hr. Scale bars are 40 ym.

Figure.3 AFM height images of propylene-ethylene
random copolymer crystals grown at 115C for 1hr in
ca. 50 nm thin film. Scale bars are 10 um.

DIREZEA., v BEEEET VIZOWTHRET D,

Figure.4 TEM bright image of (P-E)RCP crystal
grown at 110C in the thin films (left) and the selected
area electron diffraction pattern (right). The selected
area is shown in left image bv a dotted circle.

[1] Briickner, S.; Meille, S. V. Nature 1989, 340, 455—-457
[2] Yamada, K.; Kajioka, H.; Nozaki, K.; Toda, A. J. Macro. Sci. -Physics 2011, 50, 236-247



