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#1 ESFRREDELXAS—HLFIHR
FAICEWNVETILVEZ AV -ERE
WAXpeETLT TN

(8] BEXRAPFOHBILIZEITHEME S FBIREIEIE <
MORELGEDLDAEFE-NATWS, LI, ETILESFR
TOHRRIELDRSIFEVE . D FHHEMD) FHEICE > TH
TLTE, EBHEENAENVERI0EF ETIL - R
JIFL> (PE) '—J'TL—C(I «k#’ﬂxﬁk ’,f‘nEEIJ'jZEs jJ
FANLDIFERILG ERALGIHERIEBREZHLNIZTSH
EAHESR "2, L L. Cl00 TIEHERIEIZER L THF#HIE
L2EHYEENDEZTTHY . ROSFELNEELRY
EENLGHALEREEY LIF TV EBIRREVWD FBEITE
BTEHV, RAERIE, 80 FHERIEOBRELSF>F
JADHIZEEL T, +RIRLVESFORUKESRIED
MDLIal—ararEipdi-,

[ETFILEEE] HFHIE. EEDETIL PE THEHEZE 5 _ o _
BELECLELDEEZ . EOFRIETHERIEIZS T 10 Fig.1 Typical images of a growing lamella at Tc=360K.
EREEOHYEANERASINEESIICLIz, COHEA 252
AN EREBZ. CORTO (DFYEABRDEREN
TREIBTE., () —REEBERE. Q) S5 5DHEARIE
RUQ HEROMBBRELELZANTLS, ::’Cli(ﬂk
LTty 5,

crystallinity

[BR] B1(X 360K THRELTWAIFYEABRDRAT
wTL 3y b THD, HERINBIECI0 DBELIFEAER
CTthY. BRAmIT—/I—KRIZR>TL S,
2EHBERIEECHKEELTHD, BRI DKL,
Tc=360K TI&, #ERILDFHAI (L, ERIELE TDZEL rough
surface growth AXEHTH SN, + BRIV ELE _
MEREERY & 5245 200ns ursn(mﬁ@ﬂig«: me 9
%Y smooth AR REA THOFERIENERA ST -, HBRILDE
1TEEIL ERIEEDOEM & &EREHAE DR EE T Fig.2 Development of the crystallinity during 0.6us
HTE3, K22, =&Y OISIECHME L =& Rt EE of simulation. Development of the crystalline regions is
AHEMNTNED. BEIXBRBHET S, =L, #£& estimated by two measures, the crystallinity y. (filled
BOREEEL. BRMIZEFLTVNS - EABEIEH circles) and the position of the growth front Zgr (open
. e oz circles) at T, =360K (black) and 370K (red). Rapid
(TC=,37OK1;G4?'\EME%—G BB, %0)*%1;%(13'5% (:EEEDT;* crystal)lization in the(early ()).lus is fourfd dzje toF:he
Lo BUREMAMFLE L TSR —C © ‘ﬁ% a_aﬂ.ﬂfﬁ(ijﬁﬁ?kig rough surface growth, whereas the latter linear growth
mg—c E’f Z* :JL(ifﬁﬁgEEO)Eﬁﬁkﬁﬁ‘fﬁﬁZFﬂ F<ETLT represents the smooth surface growth.
nwsc RLTWLWS,

Zse  (reduced)

0 100 200 300 400 500 600 700 800 90

Emergence of crystalline order from supercooled melt; a molecular dynamics simulation

Takashi Yamamoto (Department of Physics and Informatics, Yamaguchi University, Yamaguchi 753-8512,
Japan). Tel: 083-933-5693, FAX: 083-933-5693, E-mail: yamamoto@mms.sci.yamaguchi-u.ac.jp

Key Word: polymer crystallization/ molecular dynamics simulation / final molecular scenario

Abstract: We have been studying the molecular mechanisms of crystallization in simple polyethylene-like
polymers by molecular dynamics simulation.  Our previous simulations were limited to relatively short chains
of length 100 atoms. We here revise our polymer model to much longer chains aiming at establishing the final
molecular scenario of the chain-folded crystallization in model polymer systems. \We here report on
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steady-state growth of the chain folded growth and on other important aspects of polymer crystallization.

Tc=360K T?D . EW\ KR L EEDERRZIRLH-HIZ.
HEREMDOREBEZHAR-, K3 X, EREDFi#A
RANLEBLIZEED., FHRERDHFTHD (a:
Tc=360K, b:Tc=370K), RIMSBASME K 512, Tc=360K
NEBE. ERIED#E (200ns FBEFET) [IEELHE
FEREICHENTWDI LN D K2 LHET DI LIS
KV . KEMNrough THHZ LITKYBERIENEESH
’CL‘%;:&b“T‘ﬂﬁéhéo
COESHEEWMERIEEIZCBEVWT. EDELSHET+—IL
FEIAEE SN SOOI ERIEDDFBREEKATIE
HICEEREL, BRI, BOTEREERIEICENTH.
adJacent—reentry NEEHUTHDZ EMNERMIZHTR
BINTHEYKRETLHETHH4], H41E. HaHLER
LI=dEBIEWMEREIZHITAT74+—IL FEDOHETM
LEETHD, CZTH.58%LLEAM, adjacent-reentry
8L & next-nearest-entry THZZ ENAM D, FEE
ICEWNMERIEICEWT,. EDESICLTZOLS LBHE
HOEVWREBEZERTHIIENEELION?

TOREMBERO T, P FHOTY EHBIELEH
MICERE= Lz, @5 (F. AREWICKEL., EELGH
O, HRIATEBRT AN FHORKRMLGIHMZRT,
REEHTIE. ENWET AV EBAERERATLELTET
WiEL. REBEFIKXKRELGBERR (BLERE) 28T
MG EADEREEEL TS, LML, TYEH
ERIEDFAEICIE. HREBICLIELEFIMTLE &

S5%iBFE (B53)) XFBEBRAIINT. nFET AV L
MRz >z hair-pin BEZEARE L THREEISET
LTWBZEABOHTHETHS,

(i) r'\/\_/

folding

i) | 1~

climb

.. thickening
L AT i

L 2 4

thickening

Fig. 3 Evolution in the growth surface of the
chain-folded lamella (a) at T.=360K and (b) at T, =370K.
Each small circle represents crystalline stem viewed
along the y-axis. The fast growing lamella at 360K has
initially a rough surface, which becomes smooth after
around 200ns.  On the other hand, the growth surface is
always flat and smooth during much slower growth at
370K. Kinetic process of chain attaching and detaching
is clearly noticed on the flat surfaces.

5

T - '—D EJ -5 [
o, (reduced)

nmberotobs
B o8 5 & 3
4, fdiced

e -stem dEfnce (Roiced)

(a) (b)

Fig. 4 Statistics of the chain-folding in the
well-developed lamella at t =830ns at 360K; the folds are
extracted from the region 10<z <25 well apart from the
growth front. (a) Histogram of the number of folds vs.
the inter-stem distance |[d|. (b) Two dimensional map of
the inter-stem vectors d in the (d,, d) space, where each
dot represent a fold. The dots within red and green
circles are folds connecting the nearest neighbor stems,
and the second and the third nearest neighbor stems,
respectively. ~ The outer dash line represents the
tendency of the long fold loops to span along the x-axis
direction.

Fig.5 (a) Typical trajectories of chains crystallizing at the
growth front viewed along the x-axis and the z-axis.
chains (red, yellow, green, and blue) are selected at random
from those having crystalline stems around z =22, and their
conformational changes are monitored between t =192 ns
and t =384 ns.
chains on the growth front. The type (i) which will be a
most popular image is in fact less likely.
(ii) of fold-climb and cooperative thickening of short stems
are most frequently observed in the simulated trajectories,
(b) and both of which require least rearrangements of the tail

Four

(b) Typical trajectories of the crystallizing

Instead the type

segments that must be reeled during the process.
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#2 RYITFLUFLIZL— 2RV ERIEEEDIESR
ARREA - BB SrafEREE T2 O/ Bobfngs b EREER 2 - mAEAL

[(MEE] FiftEmy TE2RRREN SRS D & ES - mBEOKMLT A 72 BKT 5, 7
AR LS T ORI Gibbs-Thomson DR, Ty = T — 26 Tl AHR 20 (T ¢ MRS, o 0 TV
T2l A ORE T RNV F—, AHp : @R, TRIT N TE D, 72, HHAERIEBE TR ELZ &
DT AT IFTRBRANC 6= Cy(TL - T + 60 (Cy: B, 5 RFEES, T FIRE S DT A T NI
SNDEEORBILIRE), THEIONDZERMLNTVWD, BT TOMMBKE®REIZIZINET
Lauritzen & Hoffmann HIZ L VER SN TV D ZIREEARK « iE % 22 Lk bE 7 LTl b
NTEY, ZOETFTATIETSE TLUEE UL, SOTEERMICIRESND, L 2A0B, W DhD%E
BAERCHE T, LV TOCOEF I BEWREL LTRAEL LR, T2 T, AMETIEIR) 7F LT
L7 % L— T (PBT) &AW AL bEs e s X ORABBRRIC OV CIEALNME XOBREEL (WAXD /
SAXS) i+ DSCHIEIEIZ LV 2O BB Z N2 2 L2 AN E T2, o, FiRfsnt
L7cmsy FhREmIc oW T, maEEMEGE (DSC) HIEIC LY ARBRAZHEST 5 & i 21
biewn, HEOMR Y — 7 PR — 7 NBllIlSh D, ThbIEZEEY—7 L LTHaLNATEY, £
DEPIZHOWT RS- TR, AKIFEZE LT, ZHHDORFESHLMNIT D,

[EER] AZEBRTILPBT (Aldrich #1877 M, =38,000) % FHV 7=, @S L v @ 280 °C TRl
iR SE 714, KRz 2 sa bR T, = 140 - 230 °C TR bk & 872 PBT O FIRIEFE (10 K/min)iZ-D\W
T DSC #li& (Shimadzu DSC-60) } T* WAXD/SAXS i 44T - 7=, WAXDI/SAXS #Hl7El% SPring-8 ¢
BL40B2 (& : 0.9 AL, 4 A F FRHf : %9 100mm (WAXD) / #J 2000mm (SAXS)) % F|fH L 7=,
[(HER-BE] DSCHIEDHEREID | AL MEREIZEVED / \—‘

=)
%

TS OB BX Te = 180 ~ 210 °C (2B Tl 3 D DfEkfiE e
B2 (Toy < Tre <Trg) BB TE Iz, LvL, H T Ak
T T E— 2 3B SN2 v o 72, SAXS JIE DFER D, H , , : ;

7 ARRIEORIS A XL T OBEN D, 30 T " 7 e

C (1/K-g)
o
g

P

T T‘“‘( onsetl) 7 (onset2)
ml L exo

o m
2.04 ¢ : AT

Apparent C

70 T
AR D RS T & 72, AV MEAIEDRER T A T A XL Ty jg 654 (b) .
DEIED B | PRI 270 °C Tl o 7=, Figure 1a |2 T, = 147°C = !
CHRAE L S 7 PBT O FiBE D DSC g% 77, 150°C

40 A
(TN BB — 7 23 188 °C i HRBUEENIZI L EY 140 160 180 200 220 240
Temperature (°C)
(Texo(Onsetl)), 196 °C fFir22 6 I LI HBBREB I Z 5
. Figure 1. (a) The DSC curve and (b) the
(Texo(ONset2))o  Texo(Onsetl) DELJFIZ DN TH B T T D7D IC temperature dependence of the lamellar
SAXS HIEMNHEE L5 A T EOREKRGEW 4T ~~7-, T, = thickness for  PBT isothermally
crystallized at 147 °C during heating at
147 °C TO#EEL PBT OFIRIBRRICE T 5 7 A TIEIREKRTFE 10 kimin,
% Figure 1b 127”3, 2D XD 188 °C s 7 A T JEMME L
o TND I ENDND, RFEETIX, Hxle T, CfifLE 72 PBT @ DSC & SAXS OfEREMN 5,
HxDRETDLIAT VY 7 =0 T oD @R FORMBILET MITEY Too DEBFIZHOVTH S0
ERAR
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#3  RURFLUERYAZYYLEAFILOI LS ILE—ER
RRBEAR - Rt Ot - NAERLT - EREA

(#E] HSREBTEHHMOBREIZIKE LEEBAOEMABASIL, BEDHREFEENRTNS, T
VEILE—BMEZTO—HITHS, ERESDFERKKENSAAL T LEBIREERKORER
ZRIN. ATRKEHNSOFRBETEN S RGEBEHICEVWTHBOBRIHRASNDS, CDK
SHREEZIVAILE—BRNEVLL., AHOBREIZIKET 5, R A 2T ) IILEEA FIL(PMMA)IE.
T,&YTMERTT7=Z—IILSdE. AT REBRBEHOSERAOBXRICMA, KEAIZH LEBOBRA
HEnd, ThlE. PMMA IZHEESSFEVNTHY. RURFLUEP)TIEBRAIAGEL, ThET
PS E PMMA[IID I VA IILE—BHMICEITIBEEDOHMRIZONT., ERERLFEHKROLEEE &
[CEAIZE®/ L TE1=, §EIE. PS & PMMA DLLEZEITo 1=,

[EBR] PS(7,=%9 100 °C) & PMMA(T=%9 105 °C) =¥ & L. "EEEHREET (DSC - 60. SEHIERT)
EFRWT2BEORBET o1z, ()RE T,=30~160°C Zd <, #&RIE0.5°C. EHI P =20~ 200 sec
TREFEZNICELSIE. BREDLEZFRE L1, (i1)200 °C Hh 5 9.5 ~9.7 K/min T;EE T,= 60 ~
10 CETHHEL., 6,=1~10"min 7=—)L LTz, 30°CETHAIL. 180°C £TR LRE THME
L. kB CDZEAE LT

[(#R] ERGO&L Y. BMEHELLBRORERESEZRS., BEEEHE LT KWVWEKBZEREL. &
M PBERDE, PSEPMMA DS A—E TRELEVNHEDIZ SDET. PS TIEB=0.62.
PMMA Tl f=0.34 T. PMMA QOEFMBERBO R PS ITEERTEWLWI EAHA 27z, PMMA 2D
T. L=754C#T,—30°C), 100.1°C, t,=10~3 x 10'min, 1~3 x 10°min [ZDL\ T, EERG)DHKER
ZEnTNE la, 2alZRY, T,=754°C TlE. > 10’min THEDBKRA 2 DB, 7,>100.1°C T
F. HBOBXIE1 DL ENGN Tz, EBRBEREZRODLSIICEFLEDH D, (D) LLBEDBRA 2 DEBEN
5EHTIE., ERAOBXIEEBREEL (, OEMICEHENEM LA, SEAOEXIELBREEL
EEAROSNGEN oz, () LLBDBRA 1 DOABENDEHTIE, DEMICEVERETEEML .
BREEEHDEAD LI-REM LI, PSIZTDOWNT., L=71.2°C (#I T,—30°C). £t =10~ 10" min DFER
#R3alIZRT, LLEDEKRIEZ1I DDHT, PMMA D I,=100.1 °C L EHDEILFHER ZE L 1=,
PMMA TERI SN - EBRIDLEERDBKR(E, PSIZTDNTIE, RFETIT > -EROEHE N TILE A
ShiEhotz, BEOLAQD—Z2MRLIEBERBETILEI VA IILE—RBMICHAL, EB>OHKY
/oS A—42ZRAL., ER(HLRILEEZ5A THBZHELz, T2 T, BNBHIEEET
VrAE—S.TRFESDEREL, BEIY FAE—ORMYAIZDOWNT2BEDHEEZTo1=, ()FH
DEMBHCTHETFERELZEOBREZTTRRTELINARS-HIZ, BIEMIEEEEEE TEED
BHMEMEESEREL, SEEHENI Y FOE—SEREMNLGHSADIY FOE—SDE 57 ()
~S(NEEFELTze QFFHEMELTEAL., 72— IILHICEMBRLRSGIMEZANDS=HIZ, S
EREZOIY FAE—SOHE SDE. SO-S(NHEEFELTZ. PMMA IZDVWTHE()DHEREH 4a

T T

2.4t 3 % 10° min @ 1 3t 3 % 10° min (a)
22t 103n1inl l ‘ i e 10° min
2k \ T B -
T, 18 i 1
M ;‘M
T 16
o0 : } ‘ :
=) q
= 24 WEL 10° ® 1 (b)
r 10° I
2 2.2: i P

1.8;)/

1.6F ——-: unannealed data |

: unannealed data
120

n 1 n n
80 100 120
T(°0) T(°C)

Fig. 1:  Specific heat of PMMA against temperature Fig. 2: Specific heat of PMMA against
gn heailgg after arzn)eallling at I, = 7411.5 °C 1for ta :(11(sz) temperature on heating after annealing at T,
X " min. a Xperlmenta results an =100.1 °C f t. =1 ~3 x 103 :
calculation 3. The thin and thick arrows show the ) o b min. . (a)
higher and the lower maxima of specific heat,
respectively. The numbers in the figure represent 7,.

Experimental results and (b) calculation 3. The
numbers in the figure represent #,.
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T T T T
23k 10° min 3% 10" min (@) ]
T T T e
K (a) r ~
3r °e 4 1
2 210" min 2.1 /// f q
3 x 10° min ° - = / / ~
1 7
T F 7 ]
—~ 10° min ;}4 1.9 ﬁ///
T oL Ty = L 7
| o
EA SO B
[ AE—— —_ [—
on s : = } ‘
_
5l b 23t - (®)
3 o —
3 x 10 | S} r =
o
O 21k //\
v
[ // 4
2F 1 1.9+ /
- > // 4
. ! L 1.7k  ____ :unannealed data |
90 100 110 120 - ‘ l ‘ ‘
T(°0) 80 100 120

r (°0
Fig. 3: Specific heat of PS against temperature on
heating after annealing at 7, = 71.2 °C for ,= 10 ~ 10* Fig. 4: .Speciﬁc heat of.PMMA by the calculation 1
min.(a) Experimental results and (b) calculation 3. The ©n heating after anneahngxat T, = (a) 100.1 °C and
numbers in the figure represent la~ (b) 1100 0(:: fOr 1"‘ 3 X 10 min. The thln and thlck
arrows show the higher and the lower maxima of
specific heat, respectively. The results for 7, =
110.0 °C and #, = 10’ and 3 x 10 min are not shown
in the figure because they are almost identical with
that for z, = 10’ min.

LA IZRT, FHE)THRREODEMNZHIRTE SN

FARDE=HIZ, FEDITBLWTHEN2DE 1 DR MM_;_J_Tffﬁﬁ; ]
naBEDHLE LT, ThETh 1,=100.1°C & 110.0 ' 0 0 TTTEe=L
—% T

CEEAT, T,=100.1°C Tl&. BN 2 DDHEEIC
BEMLERBRERIDZEMHMNICHER TS, —A.
T,=110.0°C [TDWTIL, BN 1 DOADIFBEDE
BERI)ZBHETEGM o=, COHEKRE, 18 0.0l 1
A2 DBENSERIET7 —— /L OFEFNERE O EM

Jg'K™

TEEVEVNSZEE, BAN I D2DHDESITH S e
MEh5, BAREA  OBLECATEMTED = | W a
. BHEBEAEC HAMEICE-TaIZEC h T

H5IEETRBLTLD, STEQ)TIE. EBERED
EEME—BABONANSEOT, HEQIHEL | -
THSRODIY FOE—#FBiML5&E[11Z1T> 0 2 4
f=(Bt1&E(3)). #ER %= 1b, 2b, 3bITRKT, 7=—JL log ¢, (min)
FHOEITHESBROEILEEMEHN. > 10" min

TREEMICHLHIRTE, FTEODOHER KLY .. PS Fig. 5: Variation in d5(f) by the calculation 3 during
EPMMADI VA IIE—RBHDENTHS. KRB annealing for T, —T, = 0 ~ 40 °C. The numbers in the
BOLBOBADEEL. Fo—ILNEHHT 2D figure represent T, —T;. Solid and dashed curves
DFER]. T rOE—QOFEE (Bt @EMansE ) epresent  the  results for PMMA  and PS,
E7—— LI ERESMAE R AMBD S 5, Fiy respectively.
ENEELTWEEEADND, TI T, FEQZE

FAWLT. PSEPMMA IZDWT., FHEDE B0 =S00) - ST EFFE LTz, B5I&. PS(FER) &
PMMA(EH)IZDVWTT7=Z—ILHD SODEIEERL TS, T,-L=0~40°C ZEATZ, PSITHEAN
TPMMA [ERVDIRFUNERL, BSDFELHLPLIONTHD, CNoDERFEL LI, EDNTA—
AMPSEPMMADI VA IILE—RIMICE T ET7=—ILHRDEVDERE L LMDV TER
5FETHS,

[1TW. Sakatsuji, ef al., J. Therm. Anal. Calorim., 2013, 10.1007/s10973-012-2908-z

RIBRE. M. BAX Fol AEDIFERERKE 2Pb048 (2012)



taguchi
テキストボックス
5


#4 BELREFEHCIEOBER L H T RAEB~DKA
RILBRE DT+ OBSYELL « KIZE - \BIEE « BILE

s H T RABBIEERICBWT, BEESSE S DR

WOCH LR R L, 2 OB RIZIRIEC ko> TA
SET B2 LML TWD, ARFIRIL, SRR 23 T2
VREZIC R L CRNA TR T g, EBRIOICHERS 2 & T
ZHE LTV 5, Fig.l IZME B 2R EE 2 kI3t 9~ D% Fn . t
W 7, DISE & R T, 149 17, DIBFID A DRSS T 2 '

D REERBICH L TEALTICNET D, EINDnidt (T 1 Tag

DRI 5 T~ LIRS 5, 20 & & OFERIER A ek
ok UCRICR Lie, AR CRRELHAENE s 1) | .
5B AR ME TR A B L. o, DRSS 2 ER b

o . . _ Fig.1 Time dependence of z, induced
S92 K 77 jf - =LA % -
ZHoF ORI W TRE AT > 7 by a stepwise temperature change.

T

EBR R ERE R E E ORI 2 Fig.2 [ITRT,

B O EE & JE B fr CIERIEANICZ LSRR 6, B fe0ELEZ 7Y v VICHNLEZ, ok
B O W VLR fe T LAMT,  fe+fr fe - fr (D DIRERR DN D, FFMPEIE R CLE
fe + fr OB & BEE e OBEBLOLLEERT D E, CL L Fig2oury 747 7 THIESN
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R FOREr, OBMEEIOFEENH LI 5T, F1-1, OIRERFEHIZOWTHE 21T > 77,

a
Development of a New Technique of Temperature Modulated b !
Dielectric Measurement and Application to Glass Transition
M. URUSHIDANI, T. OIKAWA, H. YAO and Y. SARUYAMA, | | .
e

(Kyoto Inst. of Tech., Sakyo, Kyoto 606-8585) Tel/Fax: |
075-724-7738, E-mail: saruyama@kit.ac.jp /
Key Word: glass transition, temperature modulated dielectric

o |
L.

measurement, relaxation time 9 h

Abstract: A new experimental technique, temperature modulated f

dielectric measurement, has been developed. A Kinetic study on Fig.2 A diagram of the measurement

the response of the relaxation time to quick temperature change system: a: function generator, b: power
amplifier, c: heater, d: sample, e: electric
capacitor, f: lock-in amplifier, g and h:
electric resistance.

has been carried out.
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Fig.1 Stress-strain curve at various temperatures. Fig.2 Dependence of relaxation parameters on 7
Symbols: experiment, curves: calculation. and ys .

Linear viscoelasticity under large deformation and viscoelastic stress in polyisoprene rubber, Yoshihisa
MIYAMOTO, Takashi KONIHI(GSHES, Kyoto Univ. 606-8501 JAPAN), Ken TAGUCHI(GSIAS, Hiroshima
Univ. JAPAN) and Ken SEKIMOTO(MSC, Univ. Paris 7, Paris, FRANCE),

phone: 075-753-6784, fax: 075-753-6805, e-mail: miyamoto.yoshihisa.4z@kyoto-u.ac.jp

Key Word: glass transition / viscoelasticity / stress relaxation / memory effect

Abstract: The viscoelsticity of cis-1,4-polyisoprene rubber is studied in the glass transition region by dynamic
mechanical spectroscopy under uniaxial deformation. The temperature and strain dependence of relaxation
function is obtained in an approximate but analytical form, and is applied to the viscoelastic behaviour in a
large deformation and subsequent stress relaxation.
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Fig.3 Variation of normalized relaxation and

retardation functions with y . Fig.4 Stress-strain curves at -56C.
Symbols: experiment, curves: calculation.
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Figure 1. Growth rates (G at
180°C vs. inverse of film thickness
(1/d) for it-PS thin films with six
different molecular weights.

Figure 2. AFM image (10pm?)
of iPS crystal grown in 13nm
thick films at 180C.

log w?G
o

3 log M,, 5

Figure.3. Double logarithmic plot
of w2G vs. Myw., where w represents
the width of the branch and G the
growth rate of iPS crystals in ca. 10
nm thick films.
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DRELSRDZ EREDHMMBA LN T0, BIE I DB
PRI IE S S O FRME 2 KK L 72+ o flat-on f i CTH 5, F
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[1] Rastogi, S; Newman, M; Keller, A Nature 1991, 353, 55-57.

Figure 4. AFM image of
P4MP1 crystals grown at 200C
for 12 min in ca. 10 nm thick
ultrathin film.

% 4
%ﬂcﬁﬂ@é F pmp— 7

Figure 5. AFM image of
P4MP1 crystals grown at 200C
for 12 min 1in ca. 16 nm thick
ultrathin film.

6
5 [ ]
anEsm
.
4 L R o
. Rl
gl am .’.00000.
E 3 a® .‘.“..0.
0
2 o
“
1
0
0 500 1000
t/sec

Figure 6. Growth of dendritic
P4MP1 crystals at 200C in ca.
10 nm ultrathin films
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Figure 7. Growth rates (G vs.
inverse of film thickness (1/d) for
P4MP1 ultrathin films at 200°C
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Fig.3 SEM images of iPS spherulite from cavity crystallized for 15 minutes at 180°C

Fig5 (Z iPS Bkfh7r & Hv OYEHELZ LD T= 01 R 3, £ =0° TOMEDEEOERE, O HGEL & e~
THEW, e FICENN BT IR S 2 OE L7 BGR CTh 508, Zx L o7 b DORED
HHR D & IRA NS 23> THL TV D, ZAUE, B — 2713 cavitation 2% & L2 EREICERT 25 DT
&Y RO T I cavitation |2 K DERD BT T AL E S OREER AR EN TN D LEZX HILD,

FRTIT, MAFTLEDRTIEON KRB OME L GO T, — DD LR LD TIEARWVERE D
£ IOV THERT D TETH D,

120.00
100.00 | DI:LLI 100 |
a
80.00 | .
O o I(n=45")

_ 6000 } O
2] il O m
= chr! £50
S 40.00 g4 (] (=0 °) 5

> o k=0 g
o 2000 | I:II:I 8
< 0] =
; 0.00 |_|__|_|__r‘|r'|r'|r-|r'|r'|r-| g 0
= k)
n i=
$60.00 F o I(p=45") 40
= / | —I(u=0")

40.00 | 9

20
20.00 /
4/ 1 i — T 0
0.00 0 5 10 15
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Scattering angle, ¢ (deg)
Scattering angle, 0 (deg)

Fig.5 H, scattered intensity from spherulites
Fig.4. Hv light scattered intensity from spherulites of ~ of iPS crystallized at 180°C for 10 min versus
iPS crystallized at 180°C nucleated on cavities versus 0 : (a) at w= 45" (@), 1=0° (A) and

0:(a) at w=45" (1), u=0" (x);(b) fitting curve(—) : (b) comparison between the
comparison between the theoretical scattering at u theoretical scattering at u=45" (—)and the
=45° (—)and the experimental values of experimental values of
I(p=45" )-1(u=0° )(). I( =45 )-I(u =0 )(O).
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HO o A Lo B BRI AR L7 PPS 055 R0 (14

LR PHEZ
[(#EE] BF OFMCREfL Lo @0 F ORIy O BHEHST-T A TMERY, ik ET
37 A THOESERTHHEREE LTRET S, L LANRSH T A SIS Tl h R 7R EE
kR Lo GRS EET 2 2 L0 SN TRY, Fx bR RTF7 7 ==L AL T 14 K (PPS) D
A T COERM M LIBER CHEREZ R H U CREIICHEE RN AR T2 2 L 2B L T\ D, K
WEILZOFMTH Y, FIRERGHT OMERICESE ZOFRREOHRKIZ OV THERT 5.
[EER] EBRFIEITHERO LB THY, a-7 mat 74 LUEEENMD 250°C THx A k LizatEl %, 320°C
T2 LT, BEY Yy U TROBEMSALS Yy NAT =V, BAEH T COSRMRLEIT- 7,
RZEBGHT R OFENT, AEECIREEICEIE U Cos bl Y 22 REF R IS IR Am L TR L, A dbfbii
FEVCORFET 2 I 2 28 2 CHRERMRAA M 2 f~ 7o, FEREE 1 20K /min TH 5,
[#52R & BB AWM T TOBEMBBILERIT 95°Cr 260°C OfESA LRI CTIT-7223%, 8L % 105°C
At ZBie LC, 2N L0 @R CIERBORED, T L 0 KR CITHREIREZ R E L COME R D LR
NEE ST, BB SN R OFEEZ Figure 112, 100°C TOHREREED ERL & IO EFE % Figure 2
R, 2 O RRRBE IR IR TS LTV 5 2 L DBV e iR TEIRE L 13 2 b
R CIRECHENMRET S Z L b THEINDD, BED L ZA105°C #8512 U THMIZKRE DR IT o
NTHEY, 105°C L0 FORE CTIHEREOFEIMR SN TR, ZOFIRIED KA A V3% ET 5l
FEVIERAH R E OIRIR A~ OIMFRO D FHEN D DO X0 EEL B <, FRMRRES BT 2 D1 P
7B L b i L AHEGRNRHEBIC L2 DO TH D EHERIL TV D,

320°C LV FEA LR ITEBAMm Lc, #EdBIRE CORRRH 22 2 TEIRIZAH LBt o Z 4t
DO#ER% Figure 3 & Figure 4 127”7,

Figure 3 (% DSC Hh#ROfEMbE—Z7BE L, E— 7 HFED O RO -GS CBORFFG K2 R LT
W5, EKmDEE T 5% 6 (Figure 3a), B— 7L, ZUDIFE A EELET, b RiKERITT
SVWTHOTNUE T AT D, APEOIRDTE, EREDFEE L THREBOBM AR OREN ST EE
fbZ LTI EZ2EKRL, REOREKTI, fMabORMER CEREMOS FHOBIE 5N E
2 7o OIZRR WD UX L ORI FEE A AR S, BRI bR ES IR 572 & b s, LT, #
A EBIERMI N O REE T LT0DED, ZHUTEREOEEIZ O RS ORGBHRIK OFIA 0K TIZ L
5HDTHD,

240°C (58 min) 120°C (44 min) 1 min. 8 hours

110°C (190 min) 105°C (21hour) 30 hours 48 hours
Figure 1: Spherulites of PPS grown at higher Figure 2: Development and disappearance of
crystallization temperatures (> 105°C). transient domeains at 100°C.

—J7, WREMRENEK T DHEOIRDENIFE U L 5 I Z2>OBEREIZS T Hvd (Figure 3b), B0
M CITR b B — 7 HEIIRE IR TFT 500, fMmbEUIIZEA EEDLLRY, B PEOERTIIY—
JIREIZZEDOEFIET 28T, MabEVHIET LT <, Figure 2 OHRHPIRED A BIHIROIEBEZE 25D
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HRREEZ BT 254, BB CIEGHIBE & PRMKRIED N A A OFELENR & & bIcE
LTS EHERISILD D, I8 0b b TREREBN ST EZE A L TWRWZ LD, IBmEIER &+
MREE CITBVIRR ZEZRNFE LA LR b0 Bbns, TO—FT, TREMREOEIGNHE 25 & &bkt
fEOE—=ZREMEF LTS Z EMG, HEPRIEDIE O BFEMIERES TIRWE— 7 HELZFF-TEY,
Bl T2 —o0fERb e —271%, BHEARE RO RLE— 27 &R RORERbE— 27 2
FELTWLHLDT, FOLERNEDDLZ L THRAICE—JEEMET LTS TWNWHEEZ DT ENTE
b, BB CIIMASE A ERT D Z LD, REPBET DHGE L F UEA R EIRE, Rk
TLTWD EEbib,

13030 " a9 90— 0.1
| (a) Spherulite 105°C | (b) Transient 100°C . Transient 100°C

e o - [ ° &
= [\ 'o T N0 o ° [
g 25-0-0——— 20 2 2 ,%\\ % § S !Li,,,

j20 % 2 {20 2 S =
L \\ . g i 00\089 g H 8580 ° 0 5 o g
@ IS £ N
% 1250 \ 1 £ g1t — g 6 o 5 i 80f . {0.05 2
S N < T 8 T
g \ = 0 e < @ — £
> \ =
o ® g (6] %
o ° 5 d ©

[0]
1200 ‘ 26 ‘ 4b ‘ éO ‘ 88 12GO ‘ 4‘0 ‘ »8‘0 ‘ 12% 70O ‘ 4‘0 ‘ Sb ‘ 12%
Holding Time / min. time (min) time (min)

Figure 3: Holding time dependence of crystallziation Figure 4: Holding time de-
temperature and crystallization heat: (a) spherulites pendence of glass transition
T. = 105°C, (b) via transient state T, = 100°C temperature and difference of

heat capacity: T, = 100°C

Figure 4 [ EMRAEZ R 95 100°C OIGE O H T ABIREE & R B EORRREFIKTIET, BT A
%%mfiﬁ7x%%m%;éhfnéﬁlfi@m%f@%lmf E—EMEERoTNDN, BERE
ZFRTERIFIE - EEE R B T 2T 5, ZOEI B TESEEVCIZIER LT, BREARET D
BA, @E%%@ﬁﬁﬁk&%uﬁﬁ WO T B, ZOZEND, T AEBICE LTS PRREE &S
i‘:ﬂrﬂwﬁzk BRIUHEEZAEL WA HDLEEZ HND,

UbEom%EBE25E, ZITRTHLIHFPIREBITEMABIK & 12 & A EER WD LD TH D &
DIDBD, i LORS S LWV SIZBWTIFRIREDIZ S o Tnb b b, bR S &0
Elkbfi SFHEOBMMNARENEE LTEZ LN, BENIEE A CRNIE L EN R BB IZ T N> T

DWEOREL LTI RO LI R b OERETDHIENTE D,
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Gel-like behaviors in a mixture of water / organic solvent / antagonistic salt induced by flow
(SZANEEREL A, BURMIMERF ®, 5URALAF ©, KEKP)
OBEaRE— A Ll B, AR, W= Hk P
K. Sadakane”®, M. Shybayama®, R. Inoue®, H. Seto®
ANoji-Higashi, 1-1-1 Kusatsu, Shiga, 525-8577 Japan
BKashiwanoha 5-1-5, Kashiwa, Chiba, 277-8561 Japan
“Gokashou, Uji, Kyoto 611-0011 Japan
PTokai, Shirakata, 1-1-1, Naka, Ibaraki 319-1106 Japan
E-Mail to K. Sadakane: sadakane@fc.ritsumei.ac.jp
ABSTRACT: The effect of an antagonistic salt, NaBPh,, on a mixture of D,0O / 3-methylpyridine (3MP) is investigated by visual
observation, optical microscopy, small-angle neutron scattering (SANS) and neutron spin echo (NSE). In the case that the amount of
NaBPh, is smaller than 15 mM, the mixture colors in near-critical region. With increasing the amount of salt, the phase separation
disappears and a single peak profile is observed at finite-Q by SANS. Furthermore, a structural phase transition between a
disordered-phase and an ordered-lamellar-phase are confirmed in D,O-rich region. Based on these successive results, we examined the
effect of shear on a mixture of water / organic solvent / antagonistic salt.
F—0U—F: (B8, BEM. B8, ¥4 FI0X, LARD— hETFERELD

[IZU®IC]  KIEERE R D 2 ORI R 23N oo = 0.09 (SALS Image, scale bar = 5 pm-')
L7, R o U CHR BT B, < laser
B bk RGNS STV B8, AFROBIEL 2V, K ..-- " V&L
U2 E, LCST ROBGS S 279 K (D0) 3-A F/LE
YL BMP) AT, FREAIIRER S (5 e i W 1w9\ %mm
A AATBUE, Bad A B HTHET Y YT o '“dgm;“ N
b7z m % (NaBPhY) 2125 2 & C, il oR] & e,
HMTLE 2 FERES AN L, 15mM LA Gl 2 FfEik 724 <™ '
ST B, EVHIREERAOTEL bbb, A s
VAR A R Tl K & R ORBYAE R B30 B (K ”‘;'””b‘””k'””ﬁ'””k

LEBIEOREREN AR T SED) &V D FEiEA] & [ 7 (s)
HOBE 2RO LEXOND, TNOOMLITEIE, AbF

3MP '
ZE Tl 2 DKIBMP/NaBPh, IR ATRIRGR CIERL S IV D T A T1%
BRI BTG DHFA DN TR

(R EEE] 9, Rtk 2 o9 o2k F=0A(s) 794 1259 1995 1000
K DREDZAIC AN T & 2 5, HHEE % 150mM 1o T T |
T2, 3MP DIRE) S g &=000~017 DFIATIRA S/ - x
IR T, 0 kb sE S - (Figure 1), IS, ’ 6.3 \‘\‘ﬂ ".__\‘
Z DOV TN AW RS A T -T2 8 2 A, !"!!luln.._ G- "
FHESRRE Tl /LT T A T 7 )UHEEDS, IREVA N A T-7% i

10 — T T T T T

DY 2 7N TIHEEEE OMEHEROREE MBI S iz (Figure 2), 0" o e ot il
TPbH, TORBLORECLY vV FTATI L 7 (s")
REE G | E TS AL, RHERIRE~ L L TV D 2 VR
BEhod, £lo, THOOBHEF LA E D Z & TT D KA
(LEFBRLL TS EFIRTE 5,

AT, DLEORRITINZ, v 7 vvE AV before shaking "W after shaking
L, BOVIMAPHETRE R ORE R b A CRE L < iy LS
Do

Figure 1: The results of rheo—SALS observation.

[1] K. Sadakane, et al., Phys. Rev. Lett., 103, 167803 (2009).

Figure 2: The results of microscopic observation.
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L. ZAEHICB T 2HEEREEDO—2 L7 s> T D, FFICT AT ML 10 L FOIKRT A7 Rk
&Fmy R, A~ aRMEIIC 7T Xe VIR 2 Fio72 ., T AT MEOEWT L -
THICRADEABERRD, EHIZZOT T AEF AR L > TRINS NI R BN E D D HE %
AT, REEED 7 r—7 & LCEFEICHM RSN TS, —FTT AT M 20 B EDET A
A7 AT/ 7y FiE,2000 nm 2L EOIRISE A WIN T 2 HFRERC 2 DGR A 0 LTzt 1.
BB, T F vy TEMASOISHDPIF SATZENED SN TWD, ZOX T, fkaxRT A~
7 MbEFEO&T /vy ROIGHIEAFIH I TW DI 06T, M7 A7 Mgt /ey R
DERIEZE, KT AT MEOZFIUTHRFIZIFRELTE LT, A XHlEE & SRS RIED
FRNEENL TN D,

FITEHAIL, &7 AT N T/ay ROV A XPREA D =X LEZR LT REH LT,
IHNFETICHE XL, BREAEEO A =X LNEH LI L TWD B[], A TR SH#EICE S %
MThH, —BceT 7 vy RERIL, SETEHEAIKEER T TeA A 28T 52 LIk > TT I,
DO ENLLENED X I IRIRRETHRERIRTPICTFEL TWAE N, £72Q)ED X D ITHEMICEY A
ENDLENEEBEZDLEN, &F /vy FREEZEZEZXHBICITEETHA 9, (VR)ENZIITOWTHELT
MEITH DN, BxIXZ I THREORBIMER EEZ NG T TV —WO)ICERT 5, o, &7
Jay RIZRVIAENDRIOBA T BN, KERET CTCEDLIITHFELTNDINEE 2D,

ELH
&F vy Rk, — FETHERLEZRS3]. ZOHETIE. OISR mEgEEER L, 00 HITH
g — RTS8 5, £, RmEiEER0.1 M, 1875 ul) it &BR(F 5 7 A . 0.01 M, 62.5 ul)Z il
Z. D% NaBH,(F 5 74, 0.01 M, 150 u)Z Nz T2 oM L <IBE D, Z 00k % 2 B =R T
FriE LA Ol &+ 5, RIS IS PERI (9500 wl), Hafb4:2(0.01 M, 400 pl), 7 A =)L E R (FH
74 .01M,64u)% 30CTERA LIERERIRZER L, & ZISHidE 0k 24 17 pl N2 CTHEE LTz,
BALAF YT L U AF LT =7 AHTAB) & RETEMER & LTHY., 6 FREEORE DR 57
TP A 7K i R (100, 200, 300, 400, 500, 600 mMY T4/ b v ROBEEIT>7T-, Zh b 6 FED A
FARE T ETEVERIORELSMI AR L Th 5, BRUREIL 30C T, HTAB © 2 7 7 |k i(~26C)
EVmiRE Lz, i, & /vy REeEFH
#4485 (SEM: HITACHI S-4800T) THIZR L7, & 512,
S 6 TR ORI TICAEET D FmiE A D4
HHEE S/ XL A W TBIZE LT,
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X 112 6 FREH O S ETE A KR T TEpk LTz
e/ vy FOEBEGZRT, K1 L0 REER
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Do WIT, T D DOKEETIZI T 2 iAo B 2

EAMEE 2 SAXS THIZ LR &K 2 10R Y, KBl '
ERHTABDZ 77 MEEVEIRTH L Z LA KB L T, 15000 N
T DA T REE AN S R LD | 2 f\w
DR EE 72 AR AR B2 B O30 & 2 isib LT <

.

7\

16000 400 mM

Intensity [a

ZENbIND, ——— 300 MM
INOORREHEZ T, &7/ 1y FORSRIEA 5000'” 200 mM
H= AL DT RS UTO LS e BREITH, 0 ™ : ; 100 mM,
A BENTZAET ) ay RO EAR L, EHEE R 0.05 °1q$ﬁ 02 025
D. 8% Ng & 95, 75 &, FIHITRERIRNIC L . N .
HENs 2T5, T8 & IIMEBEIERAICEEL o b kvt SAXS 7 o

TWB4A 2 Noo A F 2 DEITEEUI DV TLL
TOREMRIRL Y SO,

NolS=wW, (Eq.1)

774,

72, LODREENS 1o0&F /ny RBRETHEE, a=1&LT

oN s =Nz (Eq.2)

ThD, ZIZTNglTHINTBA LTAEREOE, addNs & NsDITHD, Eql2 XLV
oNLS=WN, (Eq.3)

DEOLND, 22T, HEHTNEE Ny S. v NpIZBETHD EVWIETHD, 4. EBRERL Y,
LIESEiE AR EE I K > TR T2 DT, hlERab . FmiErEAIRE I KT L T2 bT 252 &R
bbb, TITUTFD 2 OORMEEZD, OFV(A)AEEERN 2V EE(a <1) & (B)H BEEK
NhLGE(a>1)ThHsbH, AB EHLORUNERICHKERRIZHE N TR Z > TV 2O EfERT
<. UUFOBINEREIT-7,

FTA)NLRET D, &/ Yy RBREL RDEOIE, —DOMMEICE L O&A 4 v 3l &
NHIVERHD, ZOZEhn, BT/ ay RBRTELH L TiE, BREMicer / ay Nic
R TE DRIV 1T LA EIIRE TEFICRERKR IS/ & L TER> TV DI
TThoH, SRIOEREREE 25 L. MBREOREIEEAZ WY 7z E, Rnwat /ey
RN TETNDZ END, TORERERTIZIE, 4
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THROEY L TAORKMERAT> 12, BIEICIZY  § .

¥ 7 ACIE L5000 rpm, 5 min)Z ), Z oL TEYL 5 60 °

TEN ST T B EIE L, BOMETIE E g o

550 nm (1% B b T 57 T AT VMNESSE  § | * .
D, KA DS\ VR TIEBR VRIS B 5 13T ﬂg

b, TOMEER 3 ITRT, Mhrbbrskdic.,  — Y% 200 300 400 500 600
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WCHREE Y LT, O L 0 | (A)oRIUEAE D M3 BRI TICE £ MU O
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2o = ZTWIZ(B)EMETT 5,

ZOBE . HEBBRAEZ > TWBIETTh b, REHRBIBRAEZ VI35 00%, WIKNO
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HEEA] S BTG A A TH DT, ZHUHITREBRRERN T —a UHAEERIC L » THEHAERE


taguchi
テキストボックス
23


R 5, HEOTOEAGEN 1 : 1ORICE > TERSATWEETD L,

Au ion + HTAB micelle — Complex of Au ion and HTAB micelle (Eq.4)

PELD LD, 22T, ARFFHCIRA SN DM EIRIC. BUNMTIBA L TV DETH, KELAD
FF RNV ULNIERTHREND D, ZORITHITEA A 2RI iRt 0 £ TEILT D52 FFD
D, FUETEVER L AR A FES TN DA T TRICTERWVW I ERRESINTNDMA], 2D &n
O, MEEERT CTKBARTFET ) U LBEOBEEEIEE L TR el Fr eitia) L, Es
NWTHUNRLT L 720 DT 22kt & U CTHET 2 (BRI Z E B A D 25, (Eqd) L V.

R IE LA E SBT3 & (Eq.4) DM N AIZE D 14

b, BOBA A UEREYT L ENTHREN ETf

B, OFV, REEHARESHNLHAICEAE £ |

BRI S v, ORI IRIIIC D2 <A 8 )

Bl fRELTROVET /vy FERET 25 ¢

ADND, TNEMND LR, RECREISEARE  § | o,

DR BHEEIC, C<MBEORKESYHS P g

U A(BX107 M)ZINZ HREIER O 245 cllE < o,

0
ICk o TBELT-(H4), M4 LY, TAGE D REHE 100 200 300 400 500 ~ 600

; . Surfactant concentration [mM]
I‘*E@iﬁ' Tk . *2 )f | )
ﬁ&i EM&ﬁ?T E%&ﬁ%ﬁﬂﬁé@f % 94 KFAA DT U DAk o
ZEemyinole, EDOELY &F /vy ROME

‘ ek L 7= o 724,
ANZAXLDORHEF DD EXE 725,

|chemical equilibrium] ( 5 \ Short nanorods
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_ == @
dilute ; o o\o\ E>\\\ 'I;?{Bmicelle
=

e @9 W ,
o+ = !
o y E0 \ QQEQ% e
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u ion and

1HTAB micelles (:1) ba i \ EH:’AB e
dense :Au ion
o |
-] +{:)8 36% @ Qc;j Loncgzk EA?small seed
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548 /0y ROME AT =X LEF£I XK,
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SAXS FBRILE TR X —NHBIFEED 7 + k7 7 7 b U —(BLEA)C TIThE L7, BRERE
#(2011G516. 2011G550)
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Glass transition is characterized by the relaxation time
of the o process (t,) which increases abruptly on cooling
towards the glass transition temperature. Temperature
dependence of 7, has been studied extensively.” In
experimental studies t, is measured after the sample
temperature reaches the aimed value and becomes stable.
In order to avoid temperature disturbance temperature is
controlled slowly. On the other hand in this study sample
temperature was changed quickly in order to investigate
whether or not t, changed with retardation to the
temperature change. It seems to be natural to consider that
retardation should be observed because the atomic scale
structure, on which t, is dependent, changes with retardation
to the quick temperature change near the glass transition
temperature. We carried out experiments to measure the
retardation of 7, and confirmed existence of it. However, it
should have been noted that the retardation time of 7, to the
quick temperature change, written as t; below, exhibited
temperature dependence notably different from that of z,.
This result suggested that the origin of t, was different from
that of 7,.

The experimental technique is briefly explained below.
A new technique called temperature modulated dielectric
measurement (TM-dielectric measurement) has been devel-
oped in the authors’ laboratory. Conventional Wheatstone
bridge was utilized to measure the electric capacitance of the
sample. In TM-dielectric measurement the sample tempera-
ture was modulated sinusoidally with time. A schematic
diagram of the experimental system is shown in Fig. 1.
According to the temperature modulation the value of t,, on
which the complex electric capacitance of the sample was
dependent, changed sinusoidally at the angular frequency
of the temperature modulation, wy. This led to nonlinear
relationship between the voltage applied to the electric
capacitor including the sample and the electric current
passing through it. Consequently although the voltage
applied to the Wheatstone bridge was purely sinusoidal
with the frequency of wy, the voltage measured with the
lock-in amplifier in Fig. 1 was composed of three Fourier

*E-mail: saruyama@Xkit.ac.jp
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Fig. 1. A schematic diagram of the measurement system. The sample is
set in the Wheatstone bridge with a heater for temperature modulation. The
system is composed of a: power amplifier, b: function generator, c: heater,
d: sample, e: electric capacitor, f: lock-in amplifier, g and h: electric
resistance.

components with the frequencies of wy, wy + wr and
wy — w7 with the first order approximation. The wy
component was the ordinary linear response. The nonlinear
components with the frequencies of wy + wr and wy — wr
provided the information about the response of 7, to the
temperature modulation.

The complex amplitude of the measured voltage with
the frequency of wy + wr is written as A%, below. The
nonlinear complex electric capacitance of the sample, C*,
is defined by the ratio of the complex amplitude of the
wy + wr component of the charge on the electrode to that
of the purely sinusoidal voltage with the frequency of wy
applied to the electrode. The next equation is derived
through analysis of the electric circuit of Fig. 1:

- Axr (I +i(wy + or)Ci@y)R)(1 +iwy Ci(wy)R)
AL i(wy + wr)R ’

ey
Meaning of the symbols are as follows; Cj: electric
capacitance of the sample measured with the conventional
dielectric measurement at the frequency given in the
parenthesis, R: electric resistance in the Wheatstone bridge,
A}: the complex amplitude of the voltage applied to the
Wheatstone bridge. C% can be calculated from the dielectric
coefficient of the sample which changes at the frequency of
wy along with 1,. Frequency response function, o7}, of 7, to
the temperature modulation is defined by the next equation.

Ale

1
ot =—— .l 2)
T A}

where T7,, A},, and A} are the value of 7, without the
temperature modulation and the complex amplitudes of the
modulated components of 7, and the temperature, respec-
tively. Therefore an equation connecting C7 to o} can be
deduced. From this equation and eq. (1) next equation is

obtained:
o — 2wr(1 + i(wy + or)Ciloy)R)(1 + iwy Ci(wy)R) |,
' AL Arwy(wy + or)R(Ci(wy + o) — Cilwy)) 4T
3

The values of of were calculated from the experimental
results using eq. (3).
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SHORT NOTES

A. HARADA et al.

frandf, /Hz

0.0031 0.0032
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Fig. 2. Temperature dependence of f; and f,. Solid circles with a solid
curve are f; of the spin coat sample. Open circles with a broken curve are f;
of the melt press sample. Solid and broken curves without circles are f, of
the spin coat sample and the melt press sample, respectively. The arrow
shows the position of T, on the horizontal axis.

The sample material was atactic poly(vinyl acetate)
(M, = 260,000, T, ~ 40°C). Two types of the sample were
used: a melt press film and a spin coat film with the thickness
of 40um and 280 nm, respectively. The spin coat sample
gives better signal because of the large electric capacitance.
However, attention should be paid to artifact due to the
molecular orientation in the spin coat sample. The orienta-
tion effects can be checked comparing the result from the
spin coat sample with that of the melt press sample. The
amplitude of the temperature modulation was ca. 0.8 K.
Measurement was carried out within the frequency range of
the temperature modulation from 0.05 to 0.30 Hz. Frequency
of the voltage applied to the Wheatstone bridge was 10 Hz.
The value of 7, was estimated fitting the Cole—Cole type
response function to the measured o7.

Temperature dependence of f; = 1/2wt, is shown in
Fig. 2 together with f, = 1/2nt, estimated from the linear
component of the measured signal. It can be seen that f;
decreased (7, increased) notably as the temperature decreas-
ed. However, temperature dependence of f; was much
weaker than f,. At a temperature around 7, the curves of f;
and f,, crossed each other. These were observed both in the
spin coat sample and the melt press sample. This means that
these results could not be attributed to the molecular
orientation. In both samples the values of 7, around T,
were the order of 1s. These experimental results explain
why t, has not been found, although poly(vinyl acetate),

065001-2

known as a model polymer for the dielectric measurement,
has been studied in detail by many researchers. The sample
temperature can not be stabilized in 1 s. Therefore before the
measurement at T, or higher starts 7, already reached the
equilibrium value at the temperature. On the other hand at
temperatures lower than 7, 7. is much shorter than t,. It is
difficult to detect the effects of 7, in such condition. There is
volume change induced by the temperature modulation? and
it leads to the non-linear response as well. Theoretical
analysis shows that such non-linear response should exhibit
two step change in the temperature dependence at a fixed wr
and wy. However, such behavior has not been observed
within the experimental error.

Notable difference between the temperature dependences
of 7, and 7, suggested that the former was not the structural
relaxation time. It seems that 7, is essentially related to the
complex dynamics in the glass forming system. Mode
coupling theory>® has been extensively studied, but the
nature of the four body correlation function included in the
theory has not been elucidated experimentally. If 7, can be
regarded as the correlation time of 7, it is expected that
7, provides information about the four body correlation
function. Free energy landscape picture® was successfully
applied to temperature dependence of material properties
such as the specific heat. Free energy landscape charac-
terizes the dynamics of the glass forming system and its
temperature dependence. From this viewpoint 7, might
be regarded as the time necessary to change from a low
temperature landscape to high temperature one after a
temperature jump. Dynamic heterogeneity visualized in the
computer simulation® showed that highly mobile molecules
form a domain and such domains are distributed in the
system. It is considered that v, might be the time required for
renewal of the domain size and/or distribution induced by
a temperature jump. In any case t, measured with TM-
dielectric measurement provides useful information for
studies on the dynamics of the glass forming systems.
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Simultaneous Measurement of Small and Wide Angle X-ray Scattering and Heat Capacity: Isothermal
Annealing of Poly (ethylene oxide) and Polyoxymethylene

Keisuke MINAMI, Naoki KOYABU, Ryo SAKAKIBARA, Haruhiko YAO and Yasuo SARUYAMA, (Kyoto
Inst. Tech., Sakyo, Kyoto 606-8585) Tel/Fax: 075-724-7738, E-mail: saruyama@Kkit.ac.jp

Key Word: X-ray scattering / Heat capacity / Simultaneous measurement/ Poly (ethylene oxide) /
Polyoxymethylene

Abstract: It is known the heat capacity and X-Ray diffraction of semi-crystalline polymers notably change with
time during isothermal annealing just below the melting point. We carried out simultaneous measurement of
heat capacity, small angle X-ray scattering (SAXS) and wide angle X-ray diffraction (WAXD). A model for
structure change during the annealing is proposed.
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O 1 The evolution of the relaxation

Positional dependence of thealpha — dynamics of multi — layered polymer films
HirokazuTakaki , Koji Fukao
Departmet of Physics, Ritsumeikan University 1-1-1 Noji-Higashi, Kusatsu, 525-8577 Japan

KeyWord : segmet motion / dielectric relaxation / glass transition / thickness dependence / polystyrene /
poly (2-chlorostyrene)

Abstract : To understand the motion of polymer chains in thin polymer films, we made dielectric relaxation
measurements on multi-layered polymer thin films. In particular,thin polymer layer with high dielectric relax-
ation strength was inserted on various positions of multi-layered thin films, and then we investigated a possible
positional dependence of segmental motion and glass transitiontemperatures in order to discuss the molecular

motion of polymer chains on each position.
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Figure.l : The single platelet of
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Figure.2: (a) Evolution of intermediate scattering function f(q,t) for the Laponite sample of at scattering
angle of 90°.the symbols imply the measured correlation functions at increasing aging times for 1.0wt%,1mM
and (b) the ergodicity breaking time(te;) as a function of the ionic strength for a Laponite concentration

1.0wt%.tp, decreases with adding salt.
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