JOoELY - aRYI—DERZER LT A SEBRBE
IRRBeReRE Ha
Tel: +81-82-424-6538, E-mail: ktaguchi@hiroshima-u.ac.jp

#1

(WE] 7 AV 27 F v - R Tr Ly (PPITITW OO/ ETENFET D, 3 bEAD
FEBDSFATIC Ny F 7 Uiz ol - BAHOML, 25 F8lihAK) 80° V@A Z HIZHIE T 2 Fr i 7s
FEmmE (v AH) BMEET 2 (KD, v @EOBAIEL. afbo (010) EIZI 1T DM A F VB D2 H ik
4 (interdigitation) IZX DT EX F Uy /LREDO—FLEBZEZ LN TWDH N, AREMITIE o fi THIZ
IND 7 v ANy FREEGRRRE L FRRE B2 O D, BETORBIZBW Ty HAHET 50

X, EEG BGOSR BRIE 7 & ODEDO R 5 FEPISEANSNTZREHZ BN T TH D 2 & 035
LD, DED, ZOXIRRIIBIT Dy SEHRITIT D FREENREREBELZRIFLTND I L%
ARLTWD, 72, ZORBEEDRFRIEICLE DL T v ib 7 A THELZID Z L nwEUE
TEY ., DTHPICEAINT RGN T A 7 8ICBT 50 FHOITY Izl & v BRI EE % E
EREZLTVDETHRINTWAEN, TOFEMITRIZMAINTNDS EIFE 2720,

Fx 3B K %L ED y S EERT e L - F L -
7 v # LB ER (P-E)RCP) #UEHE FHWT y dDOTERLA

=R LEYESTE T, WD OFEEE T, o dhREOM
HADEEINZEHNKy (T AT) WAMET 52 & TERRORKS
PN RS SRIIC R T2 2 L 0, edge-on « fhnSHARIRIC R
LaSBAERR 7 a2y FHEBEZERT 52 & b AL

(1) B2, KEFFETITZZ 0@y 3 FEE2 73 (P-E)RCP /L
7B O T X T REEEEZ A D 2NIT D7, N X BRIET
(SAXD) M & @A E - BmMEE (TEM) EEBIZZITV.
Z O O BN A T,

[EB] A ¥ ut Uitz X > TRk a7 (P-E) RCP (Mw = 260%x103, My /M, = 3.8, =F L >
43 =4.7mol%) ke LTHWD, AZ ot iz X5 AT, £BEAMS (mF1ry)

DIZIFWHICHEASND Z ERMONTWD, ZOiEHT 65~120CDiERILIEE (Tx) %P Ty dd
DAL S, 107T°CABE Ty M RIT 90% %225 (X2), H/3—H T ATERAZIERINERE 2

180°C T 2 7y MRl fif S H 722 65~120°C OHIPH CHIRAM ML S, K-30CTRM L THEZEILS
Bz, Bonzikko SAXD HliE (Rigaku Nano-Viewer) %17 EJEHADRE SLIRE L 278~

Figure.1 The crystal structure of y-
phase; chain stems alternate their
orientations in every two stem
layers
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Fig. 2. AFM height images of propylene-ethylene
random copolymer crystals grown at 115C for 4hr in
ca. 50 nm thin film. Scale bars are 10 pm.
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Fig. 3. The y contents of (P-E) RCP bulk
samples vs.Tx. The y contents were estimated
from the relative heights of WAXD peaks
measured at Tx — 10C respectively.


#1

10
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Bz (JEOLJEM-2010) (2L % T X Tt E D EHEBER 21T 72,
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Fig. 4. SAXD profiles from (P-E) RCP bulk samples
grown at indicated temperatures (Tx). The SAXD
profiles were measured at Tx — 10C respectively.
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Fig. 5. Tx dependence of thickness of crystal, &,
amorphous, di, and long spacing, dac. evaluated
from K(z) obtained by SAXD of (P-E) RCP bulk
samples.

[2] Taguchi et.al, Polymer Preprints, Japan 65,2 (2016) 1Pa023

Fig. 6. TEM image of the ultra-thin section of (P-E) RCP bulk sample stained by ruthenium tetroxide.

Ty =107.5 °C, y~90% (left) and 117.5 °C, y ~57%
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o — R/ & — 7 MR aEhREE B (@RER ) oic i SN s Z E 8 mb T g [1], @5,
LEE OE—7 @EIR—ARFTAZ—NLT5H5ZLNTE, o HAOE—INE (og) (FR
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DFENY: (MD) v alb—3 a0, MHF0FE 3] Lo TUREHED g BELD o 12
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eI B CHEIE Y Ss(G, w) ZRD X HIEL,

12


#2

12


N N
. 1 . . 1 —id - (7 _7.
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[1] O. Yamamuro et al., J. Chem. Phys. 105, 732-737 (1996); J. Chem. Phys. 106, 2997 (1997)

[2] &4, MR, HERBE Vol 29, No. 4, 303 (1994)

[3]1J. Matsui, T.Odagaki, and T. Hiwatari, Phys. Rev. Lett. 73, 2452 (1994)
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EAHZIHEMRE Gy FIL M #E B2 AR 95, SmCHFHIEA)
B CHREH FEMEDS RNE SIS FH(FLC) T D,

FLC % BiEMaiEicst L TEEIC/ARD L OICRM S & ZOLHAE Y F WA T T
X GEASNT D7 A=)L T 2L, B 0 ISV IR REE 25 (K 1 /), — 5T,
155 A VK EBRZEIINL, 70A=)L 2 BIHICRIL T 45°0 RS ICEEL TRLE, BHikRE
SORGVERREIEE (< 100 psec) Z#RBLTHZ LN TES (DH-FLC E—K), L L3 s, BRENETE 231
~ TR TRIBIZ LR35 (> 10 Vipm) ZERREE LD ERABIZIEE > TR0, 22T
DH-FLC OAEBREN T I [T THRESNIZD )3 Slippery F i TihH[1], 7V aFEIRA FLC 2540
EIRET DL, TV RO RMEIZE ST, HF-FT VAT 7 (1-SmC*) My BEREE NS FH R SHL, &
FHOR Oy T Ly "B FAET D, 7 D ARE LoD IR VE AL N IZEEEL  IRIRDBEN
TERENS (X 2(b)) » Fex id, ZD% )5 (RIK) FH& SmC*D L % Slippery St EFEON, Slippery F i (2
BV CE, WY FIEERN AR S L7020 | IRBRE) L T B IR 2D Z IR BIL Td, LLZRR
5. Aoy BESEIR O IR EE G 3 . F72, FHATBERIEA SRS O (R IC K> TIHA T 5720 | IKE

JEAEDBRDIRISEIRS T A28k o © ©
BRI B A S5 = v
Tholz, EZTH AT, KEAME polymerization
D7 EdE . S| A //W/%
DSy BRI A B 5y 17 e LT BT e i @
&C., Slippery S JAV L EE i @ popmer
TRETERVNEEZT-, &4y

TR T, BRI L E

IR IR E U CHEET D08, +007e

R B A BN R E S/ A= hel

RIREFALLORBEZ RS | WAL T

Fig.1 Schematic illustration of SmC*.

Fig. 2 Schematic diagram of FLC in the homeotropic alignment
of In plane switching cell: (a) FLC without slippery interfaces,
(b) azo doped FLC with liquid slippery interfaces and (c) FLC

with gel interfaces.
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[32B2] IRASMBEIANICT Y aFE TERET /~— (A F —) k2 B TIRE L., B &
LT, 70, EAMERRILEL T 2UNIE RO A TUNVER 11-[4-4-TF N T 2=V T T2 )%
NI T I NAE = 1L,6-EA(TZVaA A X)) ~F % (CoHis04) % A BAGANT
IRGACURE784 (WU & 440 nm., 460 nm) % AV /=, T AL HQLEEZ i L7-®/VIE 2 yum O IPS &L
(CEBFE B A LTz, SmA-SmCHIEFE ST CRUBHZERAME (LT UV, HULEE & 365 nm) ZIRGTL T
VSRR FMEALL ., Slippery S A TEALTZ, ZOBETH L (KR 400 ~ 440 nm) 2L TN 12
F—HEHAESE, 0 > +E — 0 = —E DIORFEBROEL 2 HAMH I FATIZ, Z7nA=3/ WL
T A5°OAEIZHINL , B e 2R E LTz,

(R REEE] K3 (2w fp@{mﬂz‘zf MEZ7Rd, BEEIL, BONEE IR % SmA fHD/ 37
=)L TOFHE TR Ipara“G‘%"Jof:Eé:L’CEﬁbf:o TV DIHREELIZFLC IZ UV ZRE 4258 iRk
@ Slippery SRSV, T — Te= —15~ —25°C
OIREFFH TIIEWBREE RN T — T ~ —

25 °C LUFCHL 2 MSEEB AN BT Bl e e o
IO LI (@), 2o, UV B #ILDDE, 2R & ”i j: ZZ .
FEREIL TR FLC SIRIERIFRE £ TR RN E 'oDoz g 3.3 Qo'
U7= (O (k72 FLO) LoF (UV M ILE)), — 0F .
B AAF % 39 wRIRALTEALLRENL, o
UVH@%#%T%EU:@%T%\if:mf;’:rb%&?bf%%b\ gl MMM‘
FAREAFTLI (FOAR UV IHIIER)). 5 & | AR esd™o
A 2 BRI 5.0 Wbl BIT7Rnk | EAKOEIR
SRITAMITIRD Uiz, THUE, Ao — s o e
FHZEC Lo TR~ — Xy NI — 7 DUEAGIE FEAS | T-T, (°C)

Fig.3 Temperature dependence of

0 FOEEWFE DS S N TfE RIEEE 2B, :
, ) R ) transmittance; pure FLC ([1), azo doped FLC
INBDRERID AT —ZWIMLEETHIEE (O (after turning off UV) and @ (under

X T, Slippery RiinZeEfbsnszerrsni-, UV)) and FLC after gelation (A (after

. N . e, turning off UV). The concentration of an azo
7 S 2N - o/ VB _/\ AN - 0
FHCL A2 =2 3.9 wislR e L CH B LIZRURHE dye and a binder are shown in the figure. T is

AR Slippery Fiifi & [FIFEEE D R\ i 475){%%33 a phase transition temperature from SmA to
NAZENE . DT NI EEDANA LK — % BT D SmC*. Applied electric field is 1.5 V/um.
ZLIZE S TEMREND Z VR ICEB O TT, BRI

PR — VIR 0 T ISR S I BIHE TE 5 X572, Slippery Ftii & U THEREDMRFFS A Z LB R ENT,
T2, FIREONSAE =TI, BRI FLC IE<E TR L2 X0, ZFOVRE RS A2 —
IR EEDHENMT L~ T Slippery 5 &L COMREZ R MRiL D Fa 7 o AV 73589570 f i ~L 21t
L7cEHERIS LD,

(1A, v LA, B AR G a5 (2015) 3A05

[fEE] 447813 JIST-CREST #iiH (77 15 JPMICR1424) &L CTHEBN &2 =P FE i ©° 7,
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#5 3 0CB D#EER LIz DUV T
FORBEA - B ORKA Y OJIE £H - Bl BElRE® - & BHal® - /0l fEE - A A0

[Fam] AEdmtEmo 72 AL MREES LA 7 AREDN DR E H 7 AEBIREOM TT =—17
B L RERAL AT D, B 1TT ORERREMEIC OV T, MR EREICH A T A0 TR AR
UET 2NNz, —H, BI)9ac L@ 2 PN ER L, RSB 2 2 & T
WEET 2 X5 7%, PR Z BT 28R RO FEL ERIICIA LN L TEE[2), Ll
Z OWELER PN ESEICBH SN D DIRR Y =F L S DR OMEIC RS TV

—JF. HONRERZEMEZ LKL FWE L LT 4-cyano-4- propyloxyblphenyl(3OCB) WA B
Do 43T )BT 2= VEE AV U E T DIRSFIREIT. E DRICKIEE 5 D RFERFDOEU
T nOCB EMEEND, Z0D XD 7RisbtEiER s+ 1%“T\n#5ui@%®lowfmﬁm@m
MWTAY brbEyZ()y3x~F v 7 (NEBEREELD BIRIRTH D, 202 &G 3 RITH AL E O
PR DR L NFIZ R OFRFF L2202 &2 58T o L AR L Ebhd, Ll
30CB & 40CB (Z oW TIEfE M2 I-IN 5 L0 SRR E 725> TV A7 B3], N FHITHERZEFM & L
THEL TN D, x%%iﬁ EMRE LTO NFHZ B2 30CB Offffbifi 2<% Z & T, bk
RBIZBT 2 HEMHOEFNCONWT I VEMARD D Z A HIE LTEBY . B0 O/ MR E
ﬁgcmm%éfiob%xfwéo

[8r] #EHT 4-cyano-4-propyloxybiphenyl(30CB) (k2% C1sH1sNO, 43 1-& 237.30, Fnieflisk
TR 2 M-, RCEEMEE 3 Nikon ECLIPSE ME600, DSC &3 Shimadzu DSC-60 % {#
M UTo IR XBRIEHTIC LD HEIT Y 77 X #E Sy AT 251 RINT2000HFIPK, 4 Hi#7 13 Rigaku

2 RIT X ik s PILATUS100K % v 7=,

exotherm

30 ‘C % T 10 K/min THHEIT 2 & e FBAMEE TIx
WREAH, ARSI ABIE I, SHICRRD
2 DO H DA~ BRI N, 2 HIilD
W R CAERL S U5 ffdn & mii i sn H, RIE T4 v_/@
S AUD R A IR L & W5, ER T h oA e (1\\\mmmm
BOBEB & EET 570, 100 'C TSR /f m@hé\w "’
HEHE 10 K/imin THAIT 5ife To#zEdE %2 DSC L tansiton
CE o THIE L, #EEK 1 I1TRT, 63 °C. N tranition
i Figurel DSC mesuring of 30CB in cooling.

50 °C, 44 °C fJir TsaMH. Hidh Ho #idh L ~0
a2 s L CND E— 7 BNE S, RIZ. 100 °C TRlE S 72308 % 5 K/min T20 ‘CE THEIL.
1°C %2 GRS X BT 21T > 72, 2 DFEE 64 °C 735 58 °C, 72 40 °C H15 35 °C 2B\ Claldf
NE =2 OFEAEM R BT, B DS REE H, BRED M L ~OiEBE2 r+8—27 Tho, LELDIE
FEIZ X % 30CB DAHZALIZX 1 DX 92725 TV 5,

FFBAPABEIZ L 0 s H P CRE T 285 L OfE bk B 2 J1~7-, 30CB i#lkl% 80 C THlf#

[%%'%%]%°CT@%S&E3WB%W%T[

8

heatflowmW)
IS >

N

=)

H
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SH7=DH 90 K/min O iR E TRk faLiRE £ THAEI L, FIRE TORER L Off &R 3 2 JIE L
T2o ZOFEBRITEBNT MDD 0E N DEER G L 23R AET 5 2 &1 3Tl H 28584&
L7cD bk L 2354 LTz, 2 WREEARRL & IEHC K 256G iR B OIREEREEI L. () D X 5 2B
THIBNTWD, [1]

v —voexp( T) p(—T(T T)) (1)

T T 7 AR B9 % Vogel 155 TH 7 A OW|  crystal growth rate(um/s)
ELD, 70 °C L L7, HIFWBRELZRLTCND, 2
DAUZFES & 30CB Diffi dit e K L D FBRAERIZ 7 1 >
T LIl e ERERE L BICK 2 17T, T4
ST AT NTA=ZT w. Tas Kew TTD 4 D Th D,

Figure2 Temperature dependence of crystal
HE & FHERERICREA 2 TNN RSN, T DMIT growth rate of crystal from H phase
DWTIAHIRF AT 9.

WA, VPO EEERET 2BEOMKEMRERE, >F Y I-NBBIEE L SR 25 E#
FEZRE LT IRERIE A 7 —MBIZ S S Cofif L 2 £ L TR E AT — U ORE A 100 °C
LU CRMRESE T BLRIERE £ T 90 Kimin THAIL MR EHREZNE Lz, S RE2 K 3 ITRT,

IR IE -8 dn L (R I2 DWW T2 L » T 7 ¢ 7 crystal growth rate(um/s)
4T EATS T b DTH D, 127 LA S T
T, =0& L. DSCHIEDRE R L V@I 73 °CL
RELT, NI A—=Z T w, Tas e 3 DL LT,
i H-LESBIRFORE S LOREERE TO 7 4 v T « 5
7k W BBRORIREAI 07 (57 1> O Temperuus dependence of oyas

BIF DT A—4 KDz tisd % &, fiifr  crystalfrom H phase(black)

N 15572 K2, #%EMN 314 K2 Th -T2, Z DOFERD
52U AR A ED 5720 DIEMAL AT R L X —DKE SIZBEOHPETHE LY 50fFRkENEN D
FERIC IR 572, —F TCDSCHIEN HFHE L7z LS & H-LEEB OBEDLLIL 365 Th o772
RN D B CIIAEHE ORPEIZ L - THB LEM (LA R = R L X — 0L HH T E v, 471 &%:
BE LT R 5 R FLEBBICRIT D EEEIC(MRAEZ#HT 5 2 & 04T W THRET 5.

temperature (°C)

- temperature (°C)

[ % k] [1] J.D Hoffman, G.T Davis, J.I. Lauritzen, in Treatise on Solid state Chemistry, edited by
N.B.Hannay, Vol 3(Prenum, 1976)p.497
[2] Konishi, T.; Sakatsuji, W.; Fukao, K.; Miyamoto, Y. Macromolecules, 2016, 49, 2272.
[3]Simaeo, D.S.; Simoes, M. Phys. Rev. E. 2012, 86, 042701.
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HO (25 nE AT 544 WA L Bl
SEarERBRL OIARFIE 1 R 2

<HEE>

A F VAT DM S NETE M, A, moA A VEE, 2 LRV A F U REREDEN
HERBBAIHALZIN TV, A X VIR TRI SICEGEPFEINTE D, ARSI T
W3, AR TIE, BEHZROA SV T LRE T T 7 A n s B0 (K [Cremim] [BF,])
TEEZTo 7, TOAF VAT HEBCHEERINE TN TE D, Ef¥* v ) 7OBEIER$
% oyt fe (EP ) &4 OEENER T % o W L oz 2 MEOENB S Tw 2 (1],
Flo, xBEPTERDITONTE D, REZ T TW EAX 7 Fy Z7REM (Sm ) 226 S IRV
WaEFFOARX 7 F v 7N, HEE T2 2 L3005 Tw3 1], ZOEVHFEEZRFOAX 7 F v 7
W Z . 2 CIHMRIRA X 7 F v 2 (LtSm M) PSR, ARFEERTIE, B S T o 25D FER
IZ EP @REOREZ 7. T Oz ZOMEZWSPICL, 512 LtSm HTD YA F 7 2 %z 3
T2 Lx2HNE L, ZOHNDOIC, EPBBEOBE, EAX v ) 7 OWHREEEICER L T4EL 2
R R IR B A E D FHED R 5 T 2 DT, ZDRZ IS, 72, Sm A5 LtSm fH~D
MR % 38 2 i EHIPH T8 1 T 2 7 A DIRERAEEZ T,

< >

FHERARATHIE 2479 7= DI V2 vz, A VI homogeneous B & homeotropic B AL
HfEZ T 5 2 FSE &, MR 2 um,5 #m,10 £m,25 tm,50 um D 5 flfH & DFF 10 figH % H
B L%, [Cigmim] [BFy] % ZNZFNOWRBHL VICEBHIERRZ W TR LIAAL, REEHELE A ~
Y—4%v A7+ 7 4% — (Novocontrol Technologies, Alpha -A High Performance Frequency Analyzer )
ICERE, SFEBANE 21T > %, TS, FMEUE 2.7MHz 2> 5 23mHz, $EZ 0.1V, ML, 130°C
75 —40°C £ TS ¥,

(R - B 5
A EEATHE O A ERRD S BN LT, KXo (1) RE W T fitting 217 - 72,
Ae A
C Ty T W

fitting 12 X > TR 6N/ /8F X —F =025 EP BFEOFERIRE] 7 & EREE Ae 2k, X 1IcHlZ2RT X
32, BRI & DUEFREIT DV Tl A, KA, WRRINER 7+ L BRIMIE Ac DA E S LT DB
MIEREEIC L9 5 2 E DR I e, F 2. 2 DPEYRIE homogeneous Ll & homeotropic B D 5 T
MW7, UEORERD S, Bl S 17 iR AEER XA ¥ v ) 712 X 2 BRI X 2 EANEER & v
I T EDTD 0T,

BROHAEI SN T3 2 LD 0T, B 00025

DS DBe . EP BROBRIN « 2EH ¥ v U 7 0l 0.002

BRSO I 2 £ W2 %, SALk D, EP 0GR =2 ?x =

T DIREHRFEE X D, BR¥ v U 7 OEEEOREWKREE % &m

NGRS Sm TR, BRF v U 7 QMBI e
IFEDVINES { —ETdh 25, LtSm H~OHIEK % %2 & 05 1015 20 25 30 35 40 45 50

N \ N [ d(um)
SWNEENEDA LT T Eyd ot 61T, B . . .
Fig. 1: Relaxation time of EP-process

¥ v ) 7 OEHEZ R THE T S £ homogeneous A1 vs interelectrode distance for homeotropic
D J3H3 homeotropic FLIA & D SHBEFPEDNL 2 20 I1TE N\ 2 £ 2397 alignment
Drote, THUTOW TG D T DMESHEB OFE W SHE 2 52 TwWb BN 5,

[1] Yoko Nozaki, Keito Yamaguchi, Kenji Tomida, Natsumi Taniguchi, Hironori Hara, Yoshinori
Takikawa, Koichiro Sadakane, Kenji Nakamura, Takashi Konishi, and Koji Fukao, J. Phys. Chem. B,
120 (23), pp 5291-5300(2016)

Dielectric relaxation and electrode polarization in Imidazolium-based Ionic Liquid Crystals
Toshiharu YAMANE! , Koji FUKAO? (! Grad. Sch. of Sci. and Eng., Ritsumeikan Univ., 2 Dept. of Physics, Ritsumeikan
Univ., 1-1-1 NojiHigashi, Kusatsu, Shiga 525-8577,Japan)
2 Tel Fax: +81-77-561-2720, E-mail: kfukao@se.ritsumei.ac.jp
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#7
FAVEIF o2 EY F0 LB BT B REERE 1T

FRFRR OB MIET - FHIEE - |k

[#S] fhsatEE s+ OBERICE T 2 EIcB T, Sy LIRS ELV T 0 U—
OfE R REEOBHE LK TARESNTWD Y 2 KIFFE T, RENLREREESY - THD
TAVEIFyHRYTrE Ly (GPP) ZHWT, MR EIREOEEMREZ O L, #
AR T D iPP fdh b A B = X A Z EBRICRAT 52 L2 B E T 5, AillO®wE TiE, p-
xylene JAR N6 A B Y 2 — METIER L 723 EHZ W TR 40~150nm C OSSR #HE 23
AV BT UVATYERL L 7230 7 BB O BRI B R K 0 W 2 E 3Bl S, £ 2T, O
WEH ST 2720, AR, RSN EERE IS 2 5B OV TR TR R 2
T 5,

[5=8] #BHT iPP (M,=362, 000, M,/M=6.8, [mmmm]=97.8) % M\ 7=, HaEHE, p-xylene A
W% (0. 05wt%~2. Owt%) 24 7 AHMr E A a— kL, 150CTHEESES Z L TERLZ, 1E
L7 3BHE. 80°CICRRE LI-EZe A — 7 2 12 R -, BEE 1 um DL Eooabkhg, S
PEDE N FESR RIS G 2 DB A T 572012, AV M7 L AfEE p—xylene IBHRD F v A
NMiEED 2 FEfEZ HE LT, ER L 7230BHT. 170°C £ 7213 200°C T 1 4y [M@fiEss . 130°C TEEIRAS
pnfb S5 2 & R D3RS T R

ot 2 B HBEMAT, BUE - SRR o .
WRE « BV 7 4 1 D= ORERIL B 2 AT .
Bi. JR-E S BEEE (ARM) &2 VT T o 72, £ o0 0 .

£ 120 a N
[#% - %2 Fig. L ICA@ILRE 130C £ ™%
WZBWT, BB B 7 5 30RO #E dh Ak ; 60 @ spin-coat thin films
Eﬁ}ﬁ@ﬂ%}?ﬁkﬁﬁ%ﬂ?ﬁ‘o 1um JJ\J:@H;% O 40 ¢ M cast thick films
T pylene BIEOX ¥ A MEORER P 4 melt press flms
FHER AN R T VAL D H3VA, ° 1 10 100 1000 10000 100000
100nm 3T DA a— MEL Y TR E L Film thickness[nm]

TROREVY, Fig. 2. T, 170C L 200CT Fig. 1. Growth rate of iPP crystals vs. film
iR & 2 BRORE Ot i R R R EE & R oD B thickness.

FRETRL TS, [FCEEREICBNTIE, M 160
FRREDEN L 0 REHE I HE W BL 0 . .
TV, ZOZEnb, RRRETRKE £ ¢ o
REEIIZHEVREL T RNEEZ gm

SILD, BEDZ LMD, WilEX AN 2

U TR LIR0BHOIE, praylene RRL &

THY, TAESREEEORNE T & Tt
LTEWTWDAEEMEDRZ 2 bIvd, A% 0

TIE, T O ORI ORE RN 1 10 100 1000 10000 100000 1000000
2 CHEEBVIZEY =L T 1 o —B(bD Film thickness[nm]
BIERERICOWTHEMELITO TETH Fig. 2. Growth rate of iPP crystals grown
% at 130°C after melting at 170°C or 200°C.

(DK. Taguchi,et al., J.Macro. Sci., Part B: Physics, 45:1141-1147(2006).
(2)Dalnoki-Veress, et al., J.Polym.Sci.,39,2615-2621(2001).
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Laponite KARDITA IV 7BRICEIFTZLAOI—ED5E
VAT SR O AR - BIERL - FRIEXR

<GB >
Laponite & (&, LT & EHEIZIEO &M 2 b b MIE A OER %2 b 2{bFX Nag ,[(SisMgs 5 Lig.3) 020(OH)4 ~0-7
TERINS, EAEK 25 nm, JESHY 0.92 nm OFEIROKLTTH % [1], Laponite KiAWKIZ, HBHPEHER DR
MifGE L & DHIT, 1FU DI 6 I 5 DEKEERIATH 203, ROFGEE &bz, KEPENT 24207
BRzRd, mENAMGE LT, 27 ZIRE, 7OVIREE, EREZ EXHIoNTE ). 216 ORfE L
FAF 7RO TUE, X BVNAREL. BIEFROEEEL R Sk D, FEL KRS TE D, T —F -
FEINT—VFVEBERT T IADETILRERLZINTVS, —4T, LAY —#Ed 50 Laponite 7K
R OMEE R IZ D w0, TSR X 3 &, MEERDE TV E LT "house-of-cards” v F 7—27 L b
#1% Laponite K FH3HE L T2 2 & TEL 2ESKWHAFINC X > TERET 2 A ZELMEEZ L5 LER
5T 5 [2], AHFSETIE Laponite ZKIERICH L TEHR S D & AWR T IS BT 2 KLl & it AW F ¢
DREZALDBIZE 2T > T2,
<G>
Laponite RD(ROCKWOOD #1:#1) % H\>, 2.8wt% Laponite KIEK % ER L 7, 2 D/KIER Z 30 43 [HHEFE
SEAEO0S m D7 4Ly —IZHBL, 2@k, T, 74V —%@BLIKEZ 42 v 7 DEKRIGZ
tw=047 & L7z, EARFIHL A X —% — (UBM 18 Rheosol-G2000TER) % M\, 25°C OEIRMHN T2 —
Y7U—PMICk D, EETORAMREZAML . KEHEZIT> 7, MIEDHKRRAZ t,=45 7 & L, EHT
DEAWRE LT, MTOZODE—FOTHZAML T, MEHEZTR>7, —2lk, TAWEE—ED
FHETTHY, 4=5,10,50 s7! ORAMIZAML T, KEHEZTE>7% (E—F1), b9 —2Ik, $T0H
JE—EDEAMREZHML T 2, —ERRE, ho$ ) BEOFAWTREZAIML, Z20%, ZLHDT
DHEICETHDOTHS (E—F2), Zofic, Z2NENDOT HHEEDTAWIRIC K D, REHEZIT4% 9,
T, AW N COREIEZTT) 720, Yy bE2Hlvies runLtuy—llEzfio7,
<HESR - EHE>
BB —EDE WIHE DO AW Z HIM L T 2RI SEIINL T 28 AWHREE & 13575 28 AWK %
L2E3ToxAYrrRonl, 20, AMEEORZ 2EHET HEABRZAML 72546 TH, 21
ZFNORAMHEETO A PV IPHTETL T2 EEZ 65, B DI L XD, Laponite KIEHKIC IX
ZTNETNDEAMEE T EICE—FPBH ), TAWHEEZLZ S LBDE—F2UIDFHA 2 LTS L,
SHFERE L TR O k) B AMEE 2@ H CHRIRFICEZ 2 2 LICL DMEDERY y v L, v 7
L7226 ZDRAMBETOIAL PV IBROENIZDTERNEEZ S, £/, EFTHXAWREZ
HIN9 % 2 & T house-of-cards” #i&EIZ 2 A & > DB L KT 2 L S RIDFERZ G & N TE v
EEZ 6N 5, “house-of-cards” HEXEITE AMNRDI G- 2 25 E 2 E 2 5 7:DfT- %, B AR T TORERIC
BIL Tld. MHFLCHLT 5,
<SEHR>

[1] S. L. Tawari, D. L. Koch and C. Cohen, J. Colloid Interface Sci.,54, 240, (2001)

[2] M. Dijkstra, J. P. Hansen and P. A. Madden, Phys. Rev. Lett., 75, 2236,(1995)

Rheological properties and thermal fluctuations in Lapointe suspension during aging pro-
cess

Tomoki MARUYAMA®, Yoshinori TAKIKAWA?, Koji FUKAO? (!Grad. Sch. of Sci. and Eng.,
Ritsumeikan Univ., 2Dept. of Physics, Ritsumeikan Univ., 1-1-1 Noji-Higashi, Kusatsu, Shiga 525-
8577,Japan)

2Tel & Fax: +81-77-561-2720, E-mail: kfukao@se.ritsumei.ac.jp
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PMMA BEERICEITZTAMF IV ADT7 Z— LR
SEATERRBEBR T, O AVLRCR ! - SRHER T - SRR - a1 2 - (iEiEse ?

<HEE >
BT ERIED & T 2IEMMEMEOWAZ Sl 5 WHIT % &, o B LIRS mﬁj‘?fﬁo){z TR EED
RIS KD RIRIREED 7 v ¥ A G2 R > 7 £ FIMBMEZ K707 ZARBEBIC 25 2 enFIonTw 3
HIABEDFHL VA AZRALIREDI>TES T, A ARIEIMTON TV 5, EoT & HEIRECRE
REBICT 22 T, A7 ABRIRE T, 26T 5 2 EAMEINTED, TOFRE LT, HEORHZIF P
BEORHNR L EDBZEZoNTw S, ZHEZ0 ) bORMMBICER L, BEEED T, L ETto7=—
WIBFRIC B 5, RARIRICL 554 F 27 ADZLE RS 720, PMMA BEEROFEEZERNE & ik
TIHFRRE 21T > 72,
< 2>

BRI A E LT, PMMA(M, = 5.4 x 10°) 2/H\» 2, PMMA @20 F LIy iElL ) A E

va—MEEHOTER L2, 274 FA7 AICTEEME L CREZ2KE S, 20 RicKimEREZ -
WT PMMA % 20 B L. B LTERE LTREZZEL, avy T vy —%2 /L %, FENEIX
Agilent t:® LCR X — % — 4284A % Fi\» T EEHIPH 0~145 °C. FABEEEHIIH 20Hz~1MHz D4 TiT 5 7,
< RSO ERMNGE: BB E LT, TR TOARERFEARE NI N d-PMMA(M,, = 7,630, M,, = 263,000)
L RSN T LAY h-PMMA (M, = 323,000) @ 3 fi% /007, #5258 LI d-PMMA, h-PMMA
DNETHifEZEE L. d-PMMA & h-PMMA O 2 JEREEBEZ - L7z, 20L&, d-PMMA JFi 2 oD
d-PMMA 7'V P2, ZOREREEZ b D2 EBMER L 72, YT REFEME L, J-Parc BL-16
(SOFIA) 2B W TiTo 7, 136 CTOET = — VT, REFMEZIT> 72, REEDOWEE2 P g 1K
LD, FEOBESCEM, RMOME (roughness) DRFFIFEEIZ DWW TN,

<A - HRE> 28 - -
- FRAE B B G =
FEERINE T 5 e BRI 7 7 7 7 e .
ATIE, BRI EARRANZ 250 ¥ — 7 3 S =, »:’;. o o %%EZ:; i
oo TNHOE =713, Filfllid o @R, (KR L, onre 1 Ox L
BMFIC L2 bDTHB I EDBRSNTED, 212 =l R "
NOE— 7 iz 7 = — LISEORE & &b 1B hd e . .
3, TI2T, WESENETHSND o RO —2 "er O t
WLEE & RO MR % Fig.1 125 L7, Fig.1 Ot B o, b
Z o BROENRE B3 2L cE, BIRZ2EL 14 545 546 247 248 249 250 Bt

1/T[103K"]

HETHIKT 2L, 72— EHIT, o BROENR
BEB>TREIEn6, 72—Vl >Taliio
FFHEHEPET T2 L3bdr o7,

- ke ORI E
T RO ERENE 12 & D 15 o M7 AR O S O A
SRF7=—NEEBICEATE I EDHERTE R,
DI EF, T2V X 2 BEEEEARTOS FHOMAEIEED o @R YA+ 2 7 ZADZEDF KD —
OTHBILEEERTZ, INEFTOUET, T VIRRORHEE bz, d-PMMA EoBEIEEM L .
L-PMMA JE ORI T 2 2 EBBH S T v 1, SEoMETE, BofE, $4bb, d-PMMA
DEEJEHRA L. h-PMMA OBEA M T 2558 S . d-PMMA O 7'L v FHIZ k> Tl S #7:, DSC
THHlli L 72 T, i L DHHfE X . h-PMMA @ T, & d-PMMA(7'L ¥ F) @ T, DHISHIEL T, d-PMMA
& h-PMMA @7 = — VISR EESEL T 2 2 E DR CE 72, FElic 2w Tid, YHERL 72 \»,
[ 3R] [1] T.Hayashi, K.Segawa, K.Sadakane, K.Fukao, N.L.Yamada, J.Chem.Phys. 146, 203305
(2017).

Fig.1 The Arrhenius plot of peak tempera-
ture of a—process, Ty, of stacked PMMA films

Annealing effect on the dynamics in stacked PMMA thin films

Megumi OOE!, Kohei SUZUKI', Koji FUKAO!, Koichiro SADAKANE?, Norifumi L. YAMADA?
(!Grad. Sch. of Sci. and Eng., Ritsumeikan Univ., Kusatsu, 525-8577, Japan, 2Fac. of Life & Medical
Sci., Doshisha Univ., 2NSD, IMF, High Energy Acceleration Research Org., Tokai, Naka 319-1106, Japan)
2Tel & Fax: +81-77-561-2720, E-mail: kfukao@se.ritsumei.ac.jp
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#10 Cellulose Acetate VR D B FEMN
R R T ILHAYE - EREIEX

<#a >
CelluloseAcetate & 13 Cellulose 2> 6 BRI N5 EMBIE T, Z7va—2AofliHlce Fuxs L 7 F LV EZGT
L2VECTH %, Cellulose XIFHEBIAEIIE T 72 \123, CelluloseAcetate 17 & b ¥ RKIIEIT % &) WE % £
2, ZOFEIZHIEHAEIR L TE D Cellulose D¥Ftr, HIBHD & B ¥ o kL 55 < fliG LT 2 72 o GHIEEIC
BT EEZ 6N, CelluloseAcetate DHIBHDFEERENIE DWIFEIZ L (TN TE D3, AfTi%EIc k5 & F
BHOMEIEEEICE ORI VBT 2 2 L8 TE R, AitFiTiEe Fuax o EoBlGoR % 5 2 & Tl HEE)
DR E BT 20 %R OREZ 2 Z N 6T, £/, THOEENI S 7 AWBEICERE L Tw 3 o %
A5 Z LT CelluloseAcetate D FEHHDEE OZL OB 2 HIY & L EBZIT- 72,

<5EEE>
AEHZ I3 [T dH % Diethyl phthalate(DEP) 2 & &, Hll#H{O b Fo ¥ S HoEEGD R 3 3D CelluloseAc-
etate Z 1 TE D (DS2.45. 2.08. 1.83). WHLICIZAKE 7 by 2/ L CERZFRL 2o A 74 FA 7 AR
S 40nm D Al ZZE L FHEMEZER L, 20 hicAE Yy a— o2 A L E%2h 80 °C 12 Kl 7 =— 1 L
oo ZOR, RICEHEME LTAlZ 40nm A& L, 2 ¥ 7Ty ¥ 2R L7, WRORE, Ay a— L ohling
a2 2 5 2 & CHiEOIRIEZ R L7z, RELOTETIER L 22y 7 vy 2 e GEERANE 217> 72, FFEH
EICIE, Agilent fH# LCR X —% — 4284A & E4980A Z M\ 7-, (MEEHIPH —70° C ~ 140°C, JEIEEEHIPH 20Hz~
IMHz, s-FElEE 1K /min)

<R >
4 HNE, DEP 75% 20%. DS %% 2.45 D EHI D W T OREIRZ 8§, FHEBAME ORI o FEREL (¢7) 25
ML, FEREBOMERAEZ R 2 HECHIEE L7z, (K1) #R L DEMIB SR TE . XA T fitting 21T
WE—=ZDIRMY 2 H7z, (K2)

el E—7 DEEE,

max*
OEpp—— Tonaa: €= DL,
T_T'mam.' o N
j 1+( AT, J)Z AT: E—7DIEMD

J AL RE D 75

FRICRZ 2RI E— 27 PRZTES T, 250K H7 D ISR ZZBANCHER T2 LFEENEC 22 108h, E—7
DIEBY DBREL B> T0BI LD 5, (2T TRIDFEAZ g* L§2) HfTifZiTld CelluloseAcetate @ rich
Ho g #Ef1E DEP @ rich O o M2 E L > THNT WS L Hr T 5, o FHlEEIEDFEEICKEEZRF>0
o DENORHETH D, DKM &L DMHAMEMDBERD—D L EZ 65, RIEFERRORENE L 7 5 TN
B* DIEIRENC)IA DY > T B D id, CelluloseAcetate @ rich #HD B %Ml & DEP @ rich HHD o $EMIHEZ>TED
DEP O rich HD « fEMDME DR T ISR GEEIMEDME T Lsiifillice 7 P LTw2 &2 5% & FBATHIROMIR &
—¥9 5,

0.12 ; ; : : 100
4kHz ——
. 1kHz - M
0.11 2 . 10017 m
90 | 50Hz -~ W
0.1 20Hz - W
0.09F g0 b - -
[ ]
_o0.08F L L
o 2 70t L -
0.07} . -
[ ]
0.06F 60 b
]
0.05135, 1nm  + ] ’ u [
127nm 50 F J | | u
0.04 333m 1 , |
: 3 . "
0.03 : : : — 40 : -
200 250 300 350 400 450 10 . 100 100¢
Temperature (K) thickness(nm)
1 DS2.45,20%0DEP,1kHZ DT ELD 5 H 2 fitlh  RESRICB T A =7 DAY, Kl - BE
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MEAR E BNy O B 2/ XIET 5 HEPE DD
ﬁ@ﬁ%@ﬁ%y\iv—ya/
R ITHERBE T35 offidf Eia-BRE -k A HA

<kEE>

AETEPEA 203K &4 2 MBS 713, BUKBIRICE W KP THREICI ANV 7L Fa
—T L WolcF ) A= VOACREREERT D, 260 G, IRERIRE, /5 HMHEA
TERIZ X0 24T 5, H Tk, MEARMWBBME S FIC L DT ) Fa—TBROEBRME L ITHOIT
WAL, HOREGROWEIL )/ A — ) Th D2, lHEOERTHE L OB CSEGROBESH K
PR A fENT 5 2 LIXWEETH D, AWFIETIL, EE**%@%%%%%%%#cﬁék@\ﬂﬁﬂﬁ
BB Sy 7 E IS 10 6 72 2 R OHORKL -8 /)% (DPD) =2 b—va UV &(To7,
<vIal—var>

AWFZETIE, WCEEA NSy 1 2 BUKPERL - A, C & BUKPERI 1 B 2> DK S5 AB;CH - TF
TG L, R S 1 1 {EOBKIERL 7 CET AL LT2[1], WBSNES 7O LG REE 1L, fA i
T X NVEREEEART % VT MG MAERIIRE . Bok)), Fo ¥ L5100 3 ST
WU, oo RENCBT DRFHOREMAIEMN AT A —Fa;% aI:A 2'(3)0 280 255
ADKD LS ITEE L72(10 < ace < app < 50), YIAALE & LT, WEH ay =| B 200 25 200 200
FUTEBEE 537+ 1,000 fi & IR~ 40,000 2 B S 3.0 L7025 & 2??;% % i
T A NTELE L, BWBERSM 2 AW, IBEIkT=0.64, FFEZIAITAL=0.04 & L7z, AWF
JECIE, BUKMERLF A A& CRILDORIHEENEMN T A—Fapa b acc. KO FOMEMEZ KT )
D E Kk, DR 2 72EIZX LT DPD 2 = L—3 3 % 1,000,000 27 > 7170, HESA RO
TEHORTE DT 21T > 72,

<HER - BEE>

ana. acc M Qe DR % 7BIC%T 2 DPD 2 2 b—2 g U TCEONEZHERARD AT v Fia v
k% Fig.1 \Z39, ZORNG, (@) Fa2—7IRIB/A, (b)) XTI/, (¢) Fa—7, d) ObKkIE
by (e) BRI BL, () WEHEEZ AT HERIRI B ADBBESND Z Lo T2, FEMIC OV T
YHERT D,

=

Fig.1. Snapshots of self-assembled structures formed by bolaamphiphilic molecules: (a) tubular micelles, (b)
a vesicle, (c) a tube, (d) worm-like micelles, () a plate-like micelle and (f) a spherical micelle with internal
structure. Solvent particles are not displayed for clarity.

<BEIWR>

[1] Fujiwara, S.; Takahashi, Y.; Ikebe, H.; Mizuguchi, T,; Hashimoto, M,; Tamura, Y.; Nakamura, H.; Horiuchi,
R. Plasma Fusion Res. 2016, 11, 2401073.
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IVRIIE—BMIZETH2BUNEBHEDSFEIZLHEIL
FORBEA - BE EAREA, ML, SUKE BRI

XU IC] HTAREWEE T T AEBIERE T, L0 BE»DHHT D L BEEIZFEER OB
B, AT AR SO FIREBEE TIX T, L0 @SR ICHHEAIFFCITR S e WEVE B ORI &
. ZUHVE—EMEEEN TS, Klad X5 I T
MHANARE ORI, T, LT OIRE T TORFH 1, DEL
JUBRIBFRE 2 AT BVBIE 2 I T, T (IS HRE AT ) T,
ALBRIR FE T, 12D T < OFFFEA3TH41, Moynihan 5
2 K2 EER R0, BESGRE T VI L D EER fett Ian fera Mt
IRIRMT M TN CE o, BULENRE T, BMRWIGEIL. () PMMA M, = 178k, 7, =70°C
BULBLRFE D 72 & & OBVE &K (high T peak) (2 240 1,=20 days
MAT, T PAFIC b EROBA BB S L, subT, 74 [ cooling(t;=0)/f | ]
E—7 LMER T 528 (K1b) [2,3] € OREMIEH 51 p //‘ Meh T penk
EMTIRA, BARBT, & boONTROBEHIOVT v ./ heating ]
T XV —RRERIEE A i U, BVLBRR T - RRRETK 1.8 T,=126°C
FHEOMELZA LT S22 2 HE LTHIEELT 100 120 140 160
oty SEIEHRY A K 7 YLEEAF L (PMMA) Ox T (0
A VE —FEFIZEE), BT sub-T, B — 7 1TV T Fig.1 (a) Thermal history in enthalpy relaxation

measurement. (b) Sub-7, peak in PMMA.
T5,

[FEB] HAWREHIPMMA (43 & Mw=2260~1991000, My~ M,=1.03~1.22, T,=62~126"C
ocMy') ThD, 272U, T, 1X10K/min TOHELEFE D HEAC, 7> b EmFEEIC LV Red 7z, BES:
EIRAEE ARG (DSC-60, BHEIER) AWz, Rk @R (Eo & TI32000) 121
RIREF L CREEAEE L%, MlaoBEREIZ XV MIEEIT > 70, FAREIRSEEIX10K/mind& L7z,

RER]  X2a l2My=177800 (178k, T,=126°C ) DOEVLHEERET, =105°CIZ-2\\ T, 10K/min T D H-1E
MR T D HEAC, OBVLERIE o (REMEA R, BV A L2 0IGE (=0, —EHEOMAD)
DB Cy(ta=0) DKIREZ T) " (140°CHIT) TR L7z, f, <300 min Tl T) " 1cidlig & A L%
L3720, =10 min T122°CAHRIC B DOmKR UF) A8, KRB (T, LV &EiRETBET 52
T bsub-T, B — 27 EIER) 1E f & & HICHMLARRSEE~EBH L, > 1000 minTix T, °
S 140°CHHI O @R LB K & G+ 28R F 03Bl S D, BI2b IS My =178k D BILBLRE [ 1, = 1000
minlZ B F 5 C, DBUERRET, (K2R, L=70CLLETidsub-T, E— 2713, L & & bITHmL
RS ERA~EBE L, L=105CL ETIE Th " o#iiir & @ad 5,

Bllad A AE Tk, (1) MENEFE O T, AT THRAMEF OO 72D, =20 Z 0 — D) &
PTHTL DL, Q) BMLBIRET, TOT L # L — OWEMEHE~DOREMERR, 3) BVLE% (foL <)
DEHE « FRBE, O XN E—~DHFEEZEZDVLERD D, BUAZ RPN L P EE
. RN Tld, BULERREO I L. EROBARE T) " 1313 & A ST, sub-
T, B — 27 ORIE - K& SHAENT 0T, Th )0 HS, sub-T, ©— 7 1ZQ)DH5Th 53],

(a) Thermal history

Variation in Aging Effects in Enthalpy Relaxation with Molecular Weight

Yoshihisa MIYAMOTO!, Takashi KONISHI' and Waki SAKATSUJI? ('\GSHES, 2Graduate School of Science,
Kyoto Univ., Kyoto 606-8501 JAPAN)
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ﬁ@ﬂ%ﬁﬂaﬂmmmmm<wvc [¥3alz L . , , —
“(a) PMMA M, = 178k, T,=105°C

BURET, =80C, M4allL=65CTOHFRIZK ~ . ]
v 3L T,=126°C b
H2ALE 7R . My = 4300 (4k) . 9590 (10k) - ]
COV TS LAVHE (b0, ek 2| 100 3k :
BEOHH) OHBC (=0 ZMMTRLE, KM S | e

3,4b (21T ta=0& DHEDFE §C, = Cy(ta) —Cy(ta= b
0) 7R L, My=2260 (2k) T T >T, TV | . :
BVLELZ: L OFETEM S o7z, T=807C i
TIEMy =4k D LBWGE K IX, G, (ta= 0) D LLEMT K
(70" =104C) LV EERETEBHL TR,
AR R IZ1 >0 BB S D, L=80C (X
3a) TlIiMy = IOk“C“ T, =65C (ﬂ4a) TIE 2
>4k TLhL & T O DR D H BT J§ (sub-T, & —
0)ﬁﬁ@éﬂéo_®mbgt—7i&%fm
L VOWET, TOWEE (K3bTIiX112~113C,
[44bT1298~100C) X7, (51 &) I[TIFL AL Fig.2 C, of My,= 178k in the heating process after

. annealing (a) at 105°C for #, and (b) for 1000min at 7,.
RAF L7, B—7@k%éiT’W?bt
Elbak R LTS, Eio, T ACkET 2 Th” 15 (M3,4b, 120—140°C) T3C, D/ & 72 BN A3
@éhéo;h%®ﬁ%iﬁﬂﬁ@%uﬁf X, QOG- FIRIEBE THA S sub-T, B — 7 IR 1T
T,o &2 WX T, — L, CREDLIOTIH AL, BULBLOIRE T, LM 6 I2 K-> TkE D Z & BULEs
@zy&wﬁ—%ﬁ%mnfEKWﬁTé:&\ﬁ%ﬁ@%im@ﬁﬁ’ EELEEZ WL L
%%LTW6k%2%héomeH*7&%ﬁE*77’ " DEAEIR . EVILELS B O 5 R
SN T bim D TETH D,
[1] C.T.Moynihan et al., Thermochim.Acta 280/281(1996) 153, [2] H.S.Chen and T.T.Wang, J.Appl.Phys.,
52(1981) 5898, [3] W.Sakatsuji et.al., J.Therm.Anal.Calorim., 113(2013) 1129, Phys.Rev.E, 94(2016) 0625015.

T, (°C)=
C 80

100 110 120 130 140 150
T (°C)

T T T T J T T T T T T o !
= 3[(a) Variation with M, at T,=80°C, _ 3I(a) Variation with M, at T,=65°C,
T [ PMMA t,=1000min] 7T " PMMA t,= 1000 min ]
'_‘M - 2M - v_‘M - 2M_
IcI) 2.5: 15k21k - IcD 2.5: 15k21k E
= C 4k - = L
e [ B o 4 ] e [
© 178k 1 9,
0.1 I ] 01f ' :
o | I ®)86, 4k§ %
M S - ilSkg
| - 0 2
= 0.05 1 2005 2 oo 21k
Eém ] 55- i e s“_’ ..
1mk%ww ot~
e
. oM AN T 66k 2M ?g‘
90 100 110 120 130 140 150 70 80 90 100 110 120 130 140 150
T (°C) T (°0)
Fig.3 Variation in (a) C, and (b) 8C, with Mw after Fig.4 Variation in (a) C, and (b) 3C, with Mw after
annealing at 80°C for 1000min. annealing at 65°C for 1000min.
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1. IIL®IC

n-7 /L7 (CnH2n+2;Cn & M&EE) 138 b BAMRSRRILKFE TH 5, A RAERBESSR Y =F
L7 EORAERERTHLH Y, TOEESCHMEL 100 FRES RSN TE 72, HEOHI- 72
B2 =T NV xR e L TEL OREBHEN 2SN TEN, BHEOR (vax REMRE: L)
T REEEDO n-TA I DBREZTHY 0TIV U TFDIREDHEECYMIC KX B L b
25 LEEL mesmsEn TS Y,

TREOEEORL D n-T A Cn, Cn’ O JtiRE % (binary mixture) Tik, $HEDZE
An=n—n’ 2/NE W E X I —ITIRE L2 EVA{R(solid solution) Z AT 5, LavL., B—EEIKT
bHEOBELFHEMICHND L, P Ly (BFBEMER T —/V) TEIZ e a2 L Tns 2
ENREEINTEY Y, BRAEROEEIITRID LIZE2 0B R LS THD, AnBKREL< 2D
LR CITIRA T LA (eutectic mixture) ZRT I ENHHILTWA N, FHSBEEORRE
SOMEE ISR LSRRI L - T 0 B (b L, BVLERC X 2810072 2 7 oM BEERE LR S Tun
Zo
RS TORERTIEED L S i LB 2 B8 CEEIE H 5 W IZFE o BERR 2 TR T 5 DD,
Fo. T HEARRNEREBILR T2 2 SN OHRBETLHRIN WD Y 28, D
XN F A = XL TREBNZEET D O, IRRKE R EESncns, AifFge? ik, b
FLOME (ZniREROMESME. €2 ConrHORRRIE) 2. 2 FvIar—va %M
WTHH BT L2V,

2L.EFNEHEAEFE

n=7" /L7 N\ZIXE A O united-atom €7 LV EZEA L, —f%B972 Rigby-Roe O 135 % W= ; 0 F&
FDOAF L EE L R ATF ARG EBEFICCH2 & LTH-7-, 4 F8 & LTI Cl0,C14, €20, C25
RENGDRAREEZ D, N TEIFEFEICIT OCTA O COGNAC % vz v,

3. BERRLER

3-1. Z R ToREALE X

ZZTIE. RO OBEIZE] ) HAR &
RET D, TD&, fmlbIZERNS 7
BRI R — AT L > TH#IT L,
WA SV, K1 IR X 9IS,
FEEL OBRAIRE 1T EBR M 2k LR

O

ot

nonbond energy per CH, (reduced)
.y
o

5 250 3 eutectic
E (A TV bR SET § L ;o
%o C20 FENPKEWEE, ST C20 ) T o
DS TSRS RE f il L CL0 [ @ik [ ]
FEIRICHER ST <, fES b ig HE oo 280 300 350 150} e ]
BT C20 RIS BoT B 2 ek =

ok B 7L 3E NS _—
feiem AR L 03 e i R < 72 0 L C20 Fig.1 Nonbond energy vs. temperature during cooling from melt for
L CI10 3 HEaa N TIREIFIICIRE & 531 C10,C20,and their 2:1 and 1;2 mixtures (left), and calculated phase

TWALEHIZRZ A, Cl0 & C20 DEL diagram estimated from onset temperatures of crystallization (right).
B EB RS AR L E T, R TO

Gy PRI & o THTH - AR BESHEAT 32 L IR S D 728, S FEVSEEIRE TR 26 OIEE I ITHE
18 7@fR 2B 5 2 LTI L T 2Rn,
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3-2. Z X B LU RER TOREREBEAHER
Lk X5z, HEOBEW DRI W f
%@Tww/'¥ﬁimmmm> IFEENT

TRE LRV, LL, wax TOEL DE .
Brns. Zit%k (C10/C14/C20) ik, thfE :ﬁy%%WAﬁ
HEDOT VT v B LT RE RIRE K D 5 \AKVM
RSN EEZbNS, FHEED Cl4 K ‘Ji\,, A=
NlHEDORAEMT LI ICTIEDL TS & HrF

S 41, compatibilizer L FEINDH Z & b H 5, PO R L I AVAYIAY
CORBENMEL BT, S0k S AaST " e ey
A CRTHEZR DI &I BLBRER Y [X 2 1, Fig.2 (Left) Typical distribution of C10(blue),

AEDOTI 2l —arTHAISN7-=J55%  Cld(green), C20(red) molecules viewed along the chain
axis,and (Right) the pair distributions of C10-C10 /

(ClO/C14/C20) FEIEI WT @ %é’é\ﬂaﬁu & gﬁi Cxlo-Cl4 /CiO-CZQ (black), C14-C10 /Cl14-C14 /
FHEEREIEE (BRSO MABEIER) THDH, ESDIT  Cl4-C20 (red), and C20-C10  /C20-C14  /C20-C20
v \ﬁj\%ﬁé\ A —+ (CIO/C14, C14/C20) WX HE VYT (blue) vs. interchain separation.
DT ENHAETHLIN, HEOEN KXW
FXT (C10/C20) 1HIBITE D KO LTV D Z ERHMITRENTWD, T73b b R i
POy F D L 912, Cl4 28 C10 & C20 D4y F-8H % fh LTW%%FUOTTwék Lo d.

3-3. fEmP T DTS DR BRI
R#HOT VI o FIdkESEH T
RHEHEgE =~ ¥, Lol
FDHF LUV TD AT = AT
FEAEBBH STV R, 5F
VIal—va VTOEEBEN
I SN D P, BFRaatE TOHR
BRI NS <, o FEN )
Fyab—a r CHEHEBRRT
5@1@51tum\ LasL.,
ST COREEFE Tl iEHE)T (b)
MRVIEFET, FATABLTT
A 7 W75 18 O HEHRE DS R
Rl mflj e 5)0 Fere 13 1OOPS Fig.3 Thick green molecule encircled by a yellow line is a C14 chain
FREED MD #5720 b IEHURE A 7 indicating typical pathways, (a) traversing the lamella along the
fliL. & OFERN [ T O FEER x-axis, and (b) traveling parallel to the lamella along the y-axis
W7 EEaE L BL< LT\ A direction. The elapsed times from the start (left-most snapshots) are
Tl AR LT, Wi, T AT shown in the figures.
BLOT A TN TREHIIET 5
53 T DRRRE 2 T ASIEF IR R LBk 2 A L7z (K3), K 3aldk, 4 F8H#l 5 mICItHT 2
STEHOBRE AR L, fidm OB U728V ER R ORI BHE T 2/ AICIRVIAENTND 2 &R
3%, ET7-K3b i, SIS EE M (T A ZENTR) (TR EREAILECT 2 85 o SR ek
KTHD, Mzl LIZ#HA T A T ROEB TR OB D%, 7 A THENICERALTND
ZEMNRH I,

4. BE R

(1) D. L. Dorset, Crystallography of the polymethylene chain, Oxford Univ. Press (2005).

(2) T. Yamamoto, H. Aoki, S. Miyaji, and K. Nozaki; Polymer, 38, 2643 (1997)

(3) T. Yamamoto, Polymer, 99, 721 (2016)

(4) Integrated simulation system for polymeric material design OCTA; http://octa.jp/index_jp.html.
(5) H. Yamakawa, S. Marsukawa, H. Kurosu, S. Kuroki, I. Ando, J. Chem. Phys. 111, 7110 (1999).

(a)
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Crystal Growth and Thermal Properties of Poly(trimethylene terephthalate)

ODaisuke Tadokoro, Takashi Konishi, Koji Fukao, and Yoshihisa Miyamoto
(Grad. Sch. of Human and Environmental studies, Kyoto Univ.
2Dept. of Ritsumeikan Univ.)
[introduction]
Poly(trimethylene terephthalate) (PTT) belongs to the polyester family, also known as
3GT(that is, PTT has three methylene groups in the monomer). Both poly(ethylene
terephthalate) (PET)(2GT) and poly(buthylene terephthalate)(PBT)(4GT) have been
intensively studied, but there were less studies performed on PTT.
There are many investigations about polymer crystallization via mesophase in this two
decades. It was known the Keller’s study about a mesophase as a prominent study, and they
made the Keller’s model of mesophase through the consideration of the Gibbs-Thomson
relationship [1].
Schultz et al. reported that at 120 °C (strain=300 %) a transitional phase of PTT other than
the equilibrium crystal structure forms [2].
Cavallo et al. have studied that the mesophase-mediated crystallization of poly(buthlene-2,6-
naphthalate) (PBN) and they have reported that at higher cooling rates (e.g 100 K/s) a two-
stage route is observed but at any cooling rates below 40 K/s it is not observed by wide angle
x-ray study WAXD and flash-DSC measurement. They showed the rate of formation from the
mesophase of PBN are faster than from the melt from the DSC data [3].
Furushima et al. have studied on the multiple melting behavior of PTT with the flash-DSC
(from 0.1 K/s to 60,000 K/s) [4].
We first drawed the Gibbs-Thomson relationship of PTT with small angle x-ray measurement
SAXS and at second measured the growth rate of PTT in the way of fast cooling rates ( about
100 K/s). From these two quantitative data we showed that there are the transition
temperature of PTT.
[experimental]
PTT films with thickness in the range of 200 u m are prepared for SAXS/WAXD.
Synchrotron X-ray mesurements was carried out at BL40B2 of SPring-8(1=0.9 A, camera
length=1500mm for SAXS).
The measurement of the growth rate are performed by using the polarized microscope (Nikon
Eclipse ME600). A fast cooling rate was realized by the two hotstage temperature-jumped
system; one hotstage set at 280 °C (at the melt) and another hotstage set at the crystallization
temperature (from 195 °C to 225 °C) .
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[results and discussions]
Fig. 1 shows the Gibbs-

Thomson relationship of 300 — Tme = 300°C

PTT, the dependence of g 280

lamellar thicknesses at the L 260

melting point on the :;; 240 Ty = 215°C
melting temperature. We o, 220

defined the melting E’ 200

temperature as the 0 10 2 3 « 50x|10 3
temperature just behind 1 (A_l)

starting the Figure 1

recrystallization. To fix the pe Gipps-Thomson equilibrium line of PTT.

melting  temperature  We Ty deviation from the equilibrium line at 215 °C.

compared between the data T2 is the equilibrium melting temperature of the melt-crystal

of DSC, invariant, the transition.
degree of crystallization,

WAXD intensity peaks and the lamellar thicknesses. The lamellar thicknesses were calculated
with the Strobl’s method.

Fig 1 depicts the deviation from the equilibrium line at 215 °C, that is to say, we can draw two
Gibbs-Thomson equilibrium lines; one means the equilibrium line of the phase transition
between crystal and the melt and another means the line between crystal and the mesophase.
Fig.2 shows the temperature dependence of the

growth rate, log(G/ ) vs 1/T AT (G: growth rate .
(um/s), B: the vicious factor, T: crystallization e

temperature (°C), and AT: the supercooling,
AT =TR —T . T2 is the equilibrium melting e T=2147 °c

@

temperature, T2 = 255 °C). The deviation at

log (G/B) (ttm/s)

215 °C is also existed. This deviation might be

caused by the superiority of mesophase (the "] \

probability of the the melt-mesophase nucleation .

30 35 40 45

1/TAT (1/K%)

60 65x10°°

is higher than the melt-crystal.).

Fig.3 shows the two patterns of the temperature __
Figure 2

dependence of the growth rate, log(G/B) vs

1/TAT, that above 215 °C the equilibrium

melting temperature is that of the melt-crystal

transition (AT =T2 —T, T2 = 255 °C), on the

The temperature dependence of the

growth rate, log(G/B) vs 1/TAT.
AT =TS —T.
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other hand below 215 °C it is that of the melt-mesophase transition (T2, = 240 °C).

The equilibrium melting temperature of the melt-mesophase transition was calculated by the
Gibbs-Thomson relationship and the empirical data of polyethylene [1].

The growth front of the lamellar growth must be the melt-mesophase transition.

K, and Ky in Fig.3 are the slope of the temperature dependence of the growth rate,
respectively K, is the slope above 215 °C, Ky is below 215 °C. K, and Kz equal
00,T?/Ah (o, o,: surface energy, Ah: heat of fusion).

In Keller’s literature the deviate temperature of the Gibbs-Thomson equilibrium line requires

the following eqution [1].

Ka _ B (1)
Tee—Tx  Tam—Tx

This equation implies at the transion temperature, Ty, the probability of the melt-crystal
nucleation is equal to the melt-mesophase (and below Ty the melt-mesophase nucleation
becomes predominant.).

The data of K, and Kp in Fig.3 indicate a value of Ty of equation (1) close to a value of
Fig.1. This is because the transition temperature of PTT is 215 °C. But to get the high

accuracy result we must perform the more accurate experiments for numerical analysis.

| /TAT (1/KD) s Tjh, = 240°C [1]

—\:1{\‘\ ‘ Keller et al.,
. “ S~ . J.Mater.Sci, 1994.
g N T] Ks [2]
o S~ Schultz et al.,
S . Polymer, 2001.
i N (3]

AN -~ Cavallo et al.,

® “ ” Tt " " " Macromolecules, 2012.
1/TAT (1/K™2) : T2 = 255°C
[4]
Figure 3 Furushima et al.,

The two patterns of the temperature dependence of the growth rate, Euro.Poym., 2017.
log(G/B) vs 1/TAT above 215 °C the equilibrium melting

temperature is that of the melt-crystal transition (AT =Tg o — T,

Tge = 255 C), below 215 “C it is that of the melt-mesophase

transition (Tgo, = 240 C).
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B i A E X N BOEL TR 57 DG i b S iR R T 7 A

IRERBere &R 1A RBEAIRE 2 oF |EEE - H A BRIR s 2 & B

& 531 D A b L R AR DRI MOV TR s BVHIE EXHR /N BGEL (SAXS) D2 OHRIE 12X
DS ZHE D L ‘5 KZE DO AL L CTHEZ ER, TV E A8 JIE)7%7EBEL“C"F*
faft T 58T, @y Tt s D FIRFEORE I T ORI H 5, 1) HOE DS #E 5L O V@S
Tl KRR EE TRl 2, 2) %12, KR ER (B0 i~ L ik 52805, 3) mlfEqi
2, K0ZELR (B fEdm~ LT 528052, 0B A8 (FCC) ORlUS T b, fifdh ks
T DORHEERE )R CTHD PR T 2R ET D225, 2), 3) DIIZRENRIIZEERIC
£0, BfEETEOMRITEMEL 2D, 22T, MEFRT2ILT, ZRHORIKRAZ2 BRI R AR T
ZH 2T, sux O ORRZRIE T HIEERA TS, ZOLE, EEFARICEDEES 2T 17 AD
WINEAED, BRE — 213 EiB ANy 7 N5, 2OV 7 NEDOEBNFHEEZ BRIEL T, fbE g
DFARREOREHIFE A, LT DIO7%2, F88y TR ST N DM INEVEATIR e 2 R TR BEAR A
DIROEERTELET D, N FERIREEIA S O @ 7 F i m ORI, ISR — 7 1R Thea T
M SALOD, ZOMERIZESITIE, AR — 7R, 5y = 1 RO LNLIEE = 12 TR D
T OIVDFREE BT IEZD DT EN RS, ERSIAD FIRE AR Z IR T 5,

b=—-a(AT) ¢ withy>1 T =Ty +AB® withz=1/(y+1)<1/2
ZIC, R — 718 E Toeak D PIRIFEE LTI 40T 42 7352 T, y U ELT Tu ZIRET D,
Tw | ZFREEE B ToO FCC OFlUETHY, JED DEFARE SEHE" DL ED FCC DORlREVIET,
zero entropy production (ZEP) RS EMEIINAZELHD, TuZHWT, LD 2D 7 1y NC T, A
ESND, 1) Tu EAEEBIRE T, 12k T vy b5 Hoffman-Weeks (H-W) plot TOEMR Ty =T, £D
R, 2) Tu ZhtinlE de DKL T7 2y 45 Gibbs-Thomson (G-T) plot TOff TNE D &k Ot
RIS T 5y Ul A:

H-W plot T, -1y =a(T, - Ty}) G-Tplot (Melting line) 7T,, =T —C/d,
H-W 7oy MIBGE T — X DI TITZ 5, G-T 7By MM FESIEIL SAXS T —20bHikh 5,
R DORERMETIE, BRVES d OB AEDIEA do= yd. DR CREILHE 1R Z,
ZORRERMRE T 2L T, ERITH Y T 5L F OB FRIRERAD 6D,

_ C Ah 20, T 2o
AlfE#R (G-T plot) T, =Ty —— with T = C =M _ 2O
B ( plot) M M d, M As{ A, As,
g ¢ C 1
b (LA T =TS HWplot T, T = 2(T,-T))
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fEDREALD T, PVDF TIT)=1.6F2EE Th o7, 2) ZOBRITER SNkl E R Mz %<& Tl
ftign Chb, T T O2W G LI LY Bk LS og Iz HETe, 7235, XISOH-W plotlZIT 1K b
FE T B DT AT i bt O P S Tz O T0D, 3) b kIR E O T &R b D5E L
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<&E3LH> A. Toda, R. Androsch, C. Schick, "Feature article: Insights into polymer crystallization and
melting from fast scanning chip calorimetry" 2016, Polymer, 91, 239-263.
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T AR ELL R ~DAl - Fig.1 Optical micrographs of aPS ((a)Mw=260,000,(b)Mw=45,000) annealed
at 180 °C for several seconds with cavities after quenching to room
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1 mm - 1 mm D’ 1 mm 1 mm
Fig.2 Optical micrographs of the cavities in aPS (Mw=(1)1,780,(2) 48,100, (3) 61,800 and (4) 72,000) annealed
at 200°C, after melting at 250°Cfor 20 min and quenching to room temperature
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