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Molecular dynamics of single and stacked thin polymer films
Koji Fukao, Natsumi Taniguchi, Tatsuhiko Hayashi
Dept. of Physics, Ritsumeikan University, Noji-Higashi 1-1-1, Kusatsu, 525-8577 Japan

Glass transition and the dynamics of the a-process in thin polymer films have been widely
investigated over recent years using dielectric relaxation spectroscopy. In our group, several prop-
erties of single and stacked thin polymer films have been elucidated in recent years [1,2]. In this
presentation, the results of two related topics will be given.

As the first topics, the dielectric relaxation of amorphous polyamide thin films has been inves-
tigated [3]. In this polymeric system, 4 different relaxation signals such as v, 8, a and electrode
polarization (EP), can be observed over a wide temperature and frequency range. The thickness
and temperature dependence of the relaxation times and dielectric relaxation strength of the EP
and a-processes have been evaluated. The temperature dependences of the relaxation times of
both the processes have stronger temperature dependence than that of the Arrhenius type. The
temperature dependence of the relaxation time of EP process can well be reproduced by the VFT
law, which is usually observed for that of the a-process. This suggests that there is a strong cor-
relation between the EP and a-processes. Because the molecular origin of EP process is related to
mobility of charge carrier between the electrodes and that of the a-process is due to the segmental
motion, there is a possibility of the coupling and decoupling between the segmental motion and the
mobility of charge carrier, which can be discussed through the present measurements.

As the second topics, the dynamics of the - and S-processes in stacked thin films of poly (methyl
methacrylate) (PMMA) have been investigated using dielectric relaxation and differential scanning
calorimetry. The glass transition temperature T}, of as-stacked thin films show a thin-film-like one,
and the T, increases with increasing annealing time for isothermal annealing. At the same time,
the dynamics of the a-process changes from faster one to slower one with annealing, while the
dynamics of the S-process remains almost unchanged. These results can well be explained if the
interfacial interaction between thin polymer layers changes with annealing. The time evolution
of density profile of the stacked PMMA thin films has been measured very recently using neutron
reflectivity measurements in order to elucidate the change in the interface between thin layers. Such
measurements will reveal the nature of the dynamics in thin polymer films, together with those of
dielectric relaxation spectroscopy.

[1] K.Fukao et al., Adv. Polym. Sci., 25, 65-106 (2013).
[2] K.Fukao,H.Takaki, T.Hayashi, Advances in Dielectrics, Springer, Chap.9, (2014).
[3] N.Taniguchi, K.Fukao, P.Sotta, D.Long, in preparation.
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Study on the phase transition of intercellular lipid in human strarum corneum
with simultaneous measurement of high-sensitivity DSC and x-ray diffraction
(A RUER TR KRR T35 R, PR AN A T )
OFEARMeA A, TEERE A U —ER B, SR A R E A
(“Kyoto Inst. of Tech., BAichi Sci. & Tech. Fdn.)

Tadasuke Araki®, Keisuke Oki”, Ichiro Hatta®, Yasuo Saruyama®, and Haruhiko Yao®

The phase behavior of the intercellular lipids in human stratum corneum has been investigated in detail with
simultaneous measurement of x-ray diffraction and high-sensitivity DSC. Figs.1, 2 show the results of the
simultaneous measurement in the second heating run. It was confirmed that the domain with the long lamellar
structure transformed from orthorhombic to hexagonal phases at 40 ‘C and underwent the hexagonal to
liquid-crystalline phase transition at 76 “C. It was found that the orthorhombic phase of the short lamellar
structural domain was disappeared at -6 ‘C and that the hexagonal phase of the short lamellar structural domain
was observed between 8 ‘C and 32 C.
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Fig.1. DSC thermogram for human stratum Fig.2. X-ray diffraction profiles for human SC measured
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Study on the phase transitions of surfactant HTAB using simultaneous measurement
of high-sensitivity DSC and x-ray diffraction
CrUfh TR - e Ta5A) O £, 0 Bk, I=1 ok, VB HE
(Grad. Sch. of Sci. & Tech., Kyoto Inst. of Tech.) Satoshi Nishida, Sota Kawabe, Yasuo Saruyama, Haruhiko Yao

Simultaneous measurement of high-sensitivity DSC and x-ray diffraction was performed to elucidate the
metastability and phase sequence of HTAB at low concentration. From DSC result, thermal anomalies were
observed at 9 to -5 C and -8 °C on cooling and -1 to 9 “C and 21 to 32 “C on heating. From SAXS result, HTAB
is in the micellar(l) phase at high temperature. The anomaly at 9 to -5 “C is the coexistance region of the | and
lamellar(L) phases. The lamellar repeat distance(d) showed a marked increase with lowering the temperature.
After the crystallization of water at -8 °C, d became 3.3 nm that was close to the thickness of bilayer membrane
and then, the transition to the crystalline phase took place. As a result, the phase sequence of HTAB at a scan rate

of 1 K/min was obtained.
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[1]Y. Takenaka and H. Kitahata: Chem. Phys. Lett. 467(2009)327. Fig.2. Phase sequence of HTAB,
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Periodic Change of Small and Wide Angle X-Ray Scattering of Semi-crystalline Polymers Induced by
Temperature Modulation.

Keisuke MINAMI, Yuta ISOBE, Souichi TATSUMI, Haruhiko YAO and Yasuo SARUYAMA, (Kyoto Inst.
Tech., Sakyo, Kyoto 606-8585) Tel/Fax: 075-724-7738, E-mail: saruyama@Kit.ac.jp

Key Word: X-ray scattering / Temperature modulation / Poly (ethylene oxide)/ Polyethylene/ annealing
Abstract: It is known that the structure of the semi-crystalline polymers is sensitive to the temperature change
just below the melting temperature. We carried out measurement of periodic change of small and wide angle
X-ray scattering of semi-crystalline polymers induced by temperature modulation. A model for structure change
is proposed.
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Computer simulation of polymer crystallization; Takashi Yamamoto (Department of Physics and
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Key Word: molecular simulation, polymer crystallization, self-organization
Abstract: Computer modeling is acquiring ever increasing significance in the science and technology of
polymers. Inthisarticle, we review recent advances in computer simulation of polymer crystallization. We
here deal with several topics of great relevance, basic elementary process of polymer crystallization,
characteristic crystallization behavior of polymers having specific molecular structures, very fast crystallization
during deformation and flow, and crystallization in confined spaces paces and interfaces with other materials.
We here emphasize the great potentia of the computer modeling, and the challenges for the future.




2.2 BorfdDRE

fEmm O EFH AL ERRICE L IR ERR e S
T&ET, mATEmEEED “FEET L b, b DEER
HEEOR—MRBMBELBRE LTS, B TEEHEED M
HEBEMICRS DN THBEEIZ 20 FIZ RSN Y, BUE
THEDONOWIET N —T PRERRE 2RI T D, K2
imﬁﬁSM@%vw/T)i%V/@FmﬁEﬂ&T%é
o PRV E S THEOMERERO BEEBIEN D, 1k
@%@(7/&A:4wﬁmtm1%%@&m%ﬁbaih

%) £ b, B FEHRRFRA~AT R L, EO5R
AL fE R LBRROBAL L > TWnWH EE X HDNHE
RO X2 IBbis, £72, Luo Hid, B T+0OEZ A2 b
Gl ;?ﬂﬁﬁﬁﬁﬁﬁt M) < REUER 2 0F5E L L Bl T 5y _ | | ciimb ‘
FHHD T T A B —TRK & & OV A& R % f fi AR O ZERERY (W
RBRTH S CRBLTND, Fig.1 A proposed model for the

ZIHOBZEIL, AU =F LoD LD R EMIEE AR elementary process of chain
DETIIVESFICH LTI, MERORAETT VIR 2 ME  folded growth of polymer crystal.
ENMETHDLZ EERLTWND,

3. HTEEOREE R LB ERLES)

PEROB D FRERIEDO Y I 2 b —va TR, RV ZF L UICRBENDIETAE D FHRTE
MRIE DO OANERHIEZE TH -T2, LI L, By TSz \ﬂ¥%m®%@%ﬁ%
L7z dERICBEERRIES BN L Z MO TV 5,
3.1 WBiEESTORELE & TR

fEetEE 7 T CIIE e E I L H L S b o Th
%, LML, ZofEmbicsnTix, kEHco v
L3 VIRREIZ & 5 oy T8N, A& X I8ER) B X
WEHEZEHE (D) & L TZEMANCHRIEL <EFIL
RIFUE R B, BERE T (FWIERESAT)
R IMBNERRER N e S TW B EEX BND, EE

I 10 4E1F Cailc, R EEm S+ CTH DT A
VEIT 4w 7RY7a L (iPP) O—4F8H05 .
R S CHABR 7R HEE v A OB E o T b
BRTZEEWME LAY, BESSFORRIED
MRITBIED & ZAFEFITH TH 5, Falr, iPP Ofh
fafb & AR O KB R ZE N E ST d 9, L
L, £22Th, fEdbl3Eg LWERSESET (9F Fig2 A simulated structure of the
BICIRHIAIC 3/1 MBS 2 -8 ) ToOREIH  smectic mesophase of iPP
MWHHRETH D Z VRSN, BT 4L, iPPIZ
L CKRER T CORRILO M R 21T - 72 'V, RIAIREE To T8 %2 & EICEL M S8, @lusLlT OR
Elramd b, REiMSREPABEITE st AR L,

3.2 BAT#HO bRuY—LiERb

Wk, BOFREE by I 2 b —2 3 o2 IX, PEXCiPP O X 9 72 linear polymer (ZFRHAL TV
Too TE, HAx72 AR Y —2FT 580 FRELEEDTEY., 20X R THLREMREPEE,
BUAEFFO, BlziX, AN F47 2 32 OB FRRE CTHANZRBELARZ TR Y, FHEEEH
WERFSE D LIZLIRBIZT A L ) oTe, wilt, RY 3~F I T 47 = (P3HD) AV I~ —DE




B OFERILDO Y I 2 L—a YRGS Y, 3R NBICESWE2RTEHENL, 47
= VEOmEALR., MIEZREHEHOEM, LT T LS RIEOE B A, T ZNEF OB A 7
— VTR LT 2 Z R ai, o, A bET A EAWEHELHREINTEY . o1 EED
B 72 3T A =22 X > CEKREENHBICHBE SN D Z 8RS T 5 9,

4. EW¥5 - hEhE TORRL LR RERO XER

AT O/ LITREICERIC LD E L
MEENDZERMBENLTND, REETTOD
R b FiEREE I b—3a v
THRHAL L O LW OHFFRIR. 10 1 SRS
BB O, BLA L7 FEERIREED S & i e i
(LB S R ER R E S B EL S LT
WO(K3), UrHE, VMM EE VT, ER
HI72 BN T CoREsll (BIWRRED ) O E i
9T TO -7 A OfEEL) RS
T3,

fth 5 5 i ME & 0 1 D R O KZETE ORI
7R IR ICHERED, TE, T Ial
—va VK DR GBELARF LA TWD, &
S Ftem ClE, T & BEE G TTE L ) ) ) o )
VRIS B D . BT ORET b < B Fig.3 Trajectories of crystallizing chains.

N Typical four chains of specific extensions Rg.
e A 3 [ 0
72%7)" ﬁ%%ﬁrﬂ@oxﬂ;@‘ 75 jl"c 2 #%éﬁf 18, Re- (13, Re- [O, and Rgz [B, are drawn by
AEDRE WV, RY 2 F L fEmOBE the space-filling in green, blue, yellow, and

B PRI R ERRE T TS  red, respectively.

M (7 A ZHEICEEFR) 2»HRE HNT

BY. ZOEXADIET~OIEENER ORI E S AR 7, IRRMEE T R ER
IR R BTN RO 5 Z SITRERBEEN, M, o F#HICEEFRICRE BRI E5E.
S FEEDIE DT ENCHFERIME N THT 0 BABPEXIE S SNHHET0. BREE S L TR E
TR LRSS B S v

5. BEIMR

[1] #1xiX. Monte Carlo and Molecular Dynamics Smulations in Polymer Science, Edited by K. Binder,
Oxford University Press (1995), [2] &4 F# KIS 3 = L—3 5 —OCTA 1& I HGIE — | Jrb it
Heim, LT B 8t (2014), [3] Interphases and Mesophases in Polymer Crystallization, Edited by G.
Allegra, Springer (2005), [4] Handbook of Polymer Crystallization, Edited by E. Piorkowska and G. C. Rutledge,
Wiley (2013), [5] @ FF /77 /ay—n> K7 v 7 PR, NTS(2014), [6] T. Yamamoto,
Polymer 50, 1975 (2009), [7] P. Yi, C. R. Locker, and G.C. Rutledge Macromolecules 46, 4723 (2013), [8] T.
Yamamoto, J. Chem. Phys. 133, 034904 (2010), [9] C. Luo, and J. U. Sommer, Macromolecules, 44, 1523
(2011), [10] N. A. Romanos, and D. N. Theodorou, Macromolecules, 43, 5455 (2010), [11] T. Yamamoto,
Macromolecules, 47, 3192 (2014), [12] Y. Takizawa, T. Shimomura, and T. Miura, J. Phys. Chem. B 117, 6282
(2013), [13] H. S. Marsh, E. Jankowski, and A. Jayaraman, Macromolecules, 47, 2736 (2014), [14] T. Yamamoto,
Polymer 54, 3086 (2013), [15] A. Jabbarazadeh and R. |. Tanner, J. Non-Newtonian Fluid Mech. 160, 11 (2009),
[16] T. C. lonescu, C. Baig. B. J. Edwards, D. J. Keffer, and A. Habenschuss, Phys. Rev. Letts. 96, 037802
(2006), [17] S. Lee, and G. C. Rutledge, Macromolecules 44, 3096 (2011)



2DODHBBREL DI VALE—RBRMETAOUITHR
RAEAIR ORREHAE. NERLE., EXEA
(#E] AZRARGBRICEVTHEABMOBREICKREF LT
BHABA S, LEIREFEIN TS, AHET
EYBITFHIIUVRINE—BMILENRO—BITH S,
FRESAFERRKENS TS RKREETHIL
&, BURKKKEBAEMBA LTV & A5 REBHE
BOERAICHADBANRAEINS, COLIGR
REIVAIVE—RMEWVNS, RUAZTYILEAT
JLPMMA)R®RIBIEE=ZJLPVO) R EF. T, &Y L
SHRAVEBRTT Z—LT 2EHSAEBEESRAID
BXRIZMZ., EEAICHEBROBANERIEINS,
NiE. PMMA ©° PVC [ZHHEMAESEFNTHY . KR
ZF LU (PS)TIFEB S AL, BIEIE, PS. PMMA, T o
PVC 12D0LT. RIS A— S L HBOBROROE o
Fig.1 Specific heat against temperature on
RERAX, MEOEWVIZEEIIUFIILE—RHNDEL heatmg after annealing at 80.1 C for 1~3
EELSERBEEACOVTHBLE, sEG, xc 10 mn (@) Experimental and (b)

calculated results. The thin and thick arrows
PMMA NEERFER LHEHBRZ L L2, 2 DDEEIE show the higher and the lower maxima of

- . specific heat, respectively. The inset is a
ROERIZOVWT K YFHBLGERZIT D, closeup specific heat in the glass
(RIA) PS(T=97°0). PNIALT, = 105°0), PYC(7, =55 S0 ssion The s i e s
O)EHBE L. REEBEREFT(DSC-60. EZEZEF)
FRAVWT2EBEDERZIT o=, ()BE T,=30~ 160 °C ZFul <, #&RIE 0.5 °C, EHI P =20 ~ 200 sec
TREZEZMICELIE., BRRDIGEZZBRIZE LT, (i1)200 °C (PVC [ 170 °C)H 5 9.5 ~ 9.7 K/min
TEBET, =50~110°CETAIL., ,=1~10"min Z7=—JLLT=1%. 30°C (PVC [£ 20°C)ETHHL.
180°C (PVC [ 160°C)F TRILRE THMEB L., LB C(DERE LT,
(#ER] REBR>G)& Y. EAEFME & LLROBEEERFEERO-, =, BNEKAINZE KWW B8N =
Two maxima in specific heat and aging effect in enthalpy relaxation

Waki SAKATSUJI, Takashi KONISHI, Yoshihisa MIYAMOTO, GSHES Kyoto Univ., Kyoto 606-8501, Japan
Tel: 075-753-6775, E-mail: sakatsuji.waki.4u@kyoto-u.ac.jp

Key Word: enthalpy relaxation/polystyrene/polymethylmethacrylate/differential scanning calorimetry/aging
effect/polyvinyl chloride

Abstract: The aging effects on enthalpy relaxation in polystyrene, polymethylmethacrylate (PMMA) and
polyvinyl chloride have been studied by differential scanning calorimetry. The temperature dependence of
relaxation time, that of the specific heat in the liquid and glassy states, and the relaxation parameter have been
obtained from the temperature modulated calorimetry. In PMMA, for a given annealing temperature, two
maxima of specific heat have been observed in the range from lower limit #,°" to upper limit #,"*. The specific
heat under a given thermal history has been calculated by the phenomenological model. The calculations have
reproduced the experimental results qualitatively and quantitatively and suggested that two maxima in specific

heat appear when the increase in relaxation time during annealing is small, that is, aging effect is small.
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Fig. 2 Maximum temperature 7T, in the case of
only one maximum and lower and higher maximum,
T" ... and T in the case of two maxima in specific
heat, against annealing time for 7, = 75.4 ~ 89.9 °C.
The symbols represent the experimental results and
the curves the calculated ones. The solid, dotted and
dashed curves represent Ty, ™. and T ...,
respectively. The numbers in the figure represent the
annealing temperature in °C.

Fig. 3 Variation in relaxation time by the
calculation during annealing for 7, = 75.4
~89.9 °C. The arrows represent the annealing
time at which the relaxation time begins to
show the power dependence on ¢, The
numbers in the figure represent the annealing
temperature in °C.
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Figure 1: Double Spherulites of PPS grown at 90°C for 1h45m and re-heated up to 110°C.

The times below the figures are holding times at 110°C.
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Figure 2: Simultaneous Growth of Transient domain and crystallite of PPS at 100°C. Holded at

90°C for 30m and re-heated up to 110°C.
The times below the figures are holding times at 110°C.
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Figure 3: Spherulitic growth of PPS at 130°C after holding at 90°C for 15m.

The times below the figures are holding times at 130°C.
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Figure 4. Apearance of transient domains at 130°C after holding at 90°C for 30m.

The times below the figures are holding times at 130°C.



1m30s 1m45s 2m30s
Figure 5: Apearance of transient domains at 130°C after holding at 90°C for 60 min.

The times below the figures are holding times at 130°C.

30s 2m15s 3m30s
Figure 6: Apearance of transwnt domalns at 130°C after holding at 90°C for 120 min.

The times below the figures are holding times at 130°C.

JRA X AREIPT TIE P RPREE & B HBE & OZITERO Do 72y, HRIFHZ B L CTAERT 5k
e BEIE IR (240°C) THRE L2 & A —Tdh 5 2 LiTMER STz,

BT CHER SN DML e — 2 1%, EREPRET 25613 (a) MR LR IXRFIRF R T3 & A 821
372 <, M bORKEHETOCKTT 2, (b) M bBUIRFER L L IR T2 T2 VW IfiRE o
7o FERRALIEENZL L2 &0, EREGARE PICBm HIREAR IS K & 2B b3 A U TN 2 & o
LTW5B, £7, REFFRIOEMNE & HIZEREEDE U CRERCEIRA D L TWA 0T, fEfbEWOIK
TIENROFRERTH D, —F, TEREBEZREBT 256 TiX (a) i LIREIIOBME ) SRR & & b
CHEGEANCI DT 5, (b) RS LBV BE TIRIRIE —EEICR -, BPEETE2T 5 L0 9, BRiEOH
G EWORDBENN A LN, BAMBHBIEORKIRNG, b ORTEO BRI EIREORZEME TH Y,
B O REIRRTH D Z B> TND DT, R CED IR C— B2 D Z &1
WA HIRAR & R RTIREE & TIXZ ORI OEEINT & A ERAETT, WEDNBWICIER TN L2 ERLT
W5, FEEIRE O TIL, [A] FREVRRE TITBO AR L 0 55 T8O PATERS SR 0032 <, Z DT DES)
ﬁ@ﬁﬁﬁ&ﬁ%ﬁé%WMmEmﬁbewé&ﬁm#ék,FWME 7 s HBRkOE—7 L
FREHROE—27 O ZHEE =722 5 TEYD, WEDOWMENEDL D Z & CmmHRR b kO e —
7 BN D PRFEEROE R LY — 7 IBE~EEE LT D E LTRAATRETH 5, [A] DIRFUZ DN T
I%, Figure 11233 T 90°C TRk L 7= H IR RESS 43 23 J& P 08 43 HIFIE 4y £ 0 B 2 0Bk L
TWBEWVWIHEEZ LS THIELE T HZ LN TE S,

uhiw,ﬁ?x%@ﬁhﬁmﬁfé#%%%mﬁ%ﬁg%Xﬁ%&%ﬁkLfﬁ&khkﬁ%ﬂ@ﬁ

LEDLIRWD, 3 FHESN O FATHEZ DT 0N @mm Ak 2 EEl> TR Y, fmbhBmS ko Tng &
%i%ﬂéoﬁﬁigﬂéﬁﬂwuk FIATESIL TV D &0 D) IR L O BRSNS 2, X
FRANICITHERE CE RN LD, /— RS ER I B/ UVBEDO TR B ZE X b D,



HAK/7E b= MU IVEAHETIZE TS
FEA A M EMEA] Pentaethylene Glycol Monododecyl Ether
DR 5 FE

MAafERRE T OREE - Haif—M - ZREHKX

[#=]

KEMDEERICHRETEEAZMA S LRI D E-
TR R S 2 FREE ERD R YA S T B A3,
HAK/T = MYIVIRERITIEA A M S I A
Pentaethylene Glycol Monododecyl Ether (C1oE5) %
WINY % & — AN T B “SHH AT SR8
Hxnr, SEOEBRTIZ. T “FEAEE" SIRH?
HEUBPERZHEDOE AP OPH SN B2, ik
TNABELSEER (SANS) & & OB ERELSEBR (DLS)
{15 TC, W T CroEs B TR T 5F ) 27—
)V D& % MGEE L 7=,

[EREEE]

Fig.1(a) 22 LB Y, DyO/AN/CioE5 DR TIF-
7= SANS DO#EHR X, Ornstein-Zernike DXIZ & 57 1 v
TAYTe—H U7, ZThik, DO & AN B3 —IZRE
THOTEH R, HBHBRKEI 2> T k-5
THEBHIZS VAL HLTVWE I ERLTWS,
H,O/AN-d3/C12Es DR T, EMEED 154 OBRE
SNV EMFESTVD Z EABMIE N (Fig.1(b)).

RIZ, DLS {727z, TNZTNOY v TIroFs
Nl T —RIZH LT, IERE D offiz CONTIN f#
k> THILEZ, 2O DODfEETA VY2 gLy -
A b =2 ZADR D SFARTIFHREZE Ry, DRE S % B
b o728 25, DyO/AN/CoEs DR TIE, BHA ok
E X R OMIERDOGFELHERSI NI,

KiEHETHONZT— X0 oA ERLZED
M Fig2 THhod, A4 MEFRHIEER SDS 2MZ % &
TSR D SRATEESI R 2 A U DI LT,
A A SR A CoEs 2 A % & — ISR D
D REATEESIR 2 AL TWDE Z LBl S iz,
LR

SANS & DLS TR O NHHERD K E I DE NS S,
C1oEs # 71X 15A DI 2 V2K LTED, ZTD/ED
KT AR - iEEE LTV D el I NG, A
Tk, ZOMEZMKEL T “BEATENS" hEPFEBT
LI OVWT R D LT 5.

& D20 / AN (100) J
2 DAdC_phic_10C.i ]

DAdC_phic_15Ci ]
X DAdC_phic_20Ci -
Xk DAdC_phic_25C i |

1(Q)

01

0.01

5789
0.01

Q[A™]

Fig.1 The SANS profiles for a mixture of
(a) DQO/AN/C12E5 and (b) D20+H20/AN-
d3/Ci12Es. The solid lines are the fit results ac-
cording to the model scattering function of con-

centration fluctuation for (a) and micelle structure
for (b).
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Fig.2 The phase diagram of D20 / acetonitrile
with C12E5 or SDS or without surfactant.
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