e FE Ay S 2 —yavyz2Hn
BT AR R DI

2014 EJE

e it Az



AY

= wm xX #H 5

s B 5 2 K 4 it Rz

x G SCE H

AU FE 7Y R 2 b—a U a Wz @SRRI R ORF5E

(NBEDOHEF)

B IFERICEEOT ) ~—NERE L C TR EERG - THY . St R, BRI &
S FRDERIZRIMME I HIVD RHBR R BN X, "o FHO X A T 7 AT L 2T
%, FDI-8, W ES FHEDZ A T 7 AR5 2 21X, - YR R
Blka b, I, FHREEEMBEO KR I XY . B SROMAE M & T & DML
DFENTHY R 2 b—2 a ATEANMEE > TEY .m0 T ETRIRE OIS OfR
Bl%& BHE L7EAED S AT T D, Al Tld, b 7y R = Lb—y a Y E N
T FIRAMAZ BT TARAIZEE NS A 2 7 AR LT R$ 8 h o FRDTEOBISE &t
WHEMRBEIZRBUT 2 @ FEHORER S A T 2 7 ADY PR RSRE ORI 25870 7=,

%1 FEIIAGRSLO B IR 2509, 5 2 B CARR LD 5 & 72 5 o0 DB 728 235
% S ECIIAG L THWETT AR E DS 2 L— g VT — A IS S TR A S 7
AT 5 05, SRR — RRRTIZ OV GRS,

5 4 BOEY TR ORI HIHOMFZE T, TARMASROTEFNEMER 2 2R i35
ZEEEMNC, B THHOERIS A T2 7 AEFIH UTZFHIAEEIRR L, 7 VRO R
BT D, RIS, BRSO IE BT H DARRHM R OFHE T — X 13 R Mes 2 5,
FRZ, B 1 ROREFNHMESR RO RV MR BN 27" 72, B 7o RS R 215 5 12130
BRI A NRAREE L 70D, IR SN HE T LT XLV T S, MEE ZBRO T RERDsE:
FEG DI IR O~ G S b OFH R 2 X "R EN D, AT, e —
RAEHT TR H A2 By FBHORERERDS (b Maxwell BIRHLODEHT A 7 — Wi < 2 & 2R L,
MES BT RBEFIRMESR OFHET — & 28— ROFEFER 212 M LU=k Maxwell 284224 C
130D Z LT, FEFIEMEROIE DO OREE 2R T, HEEHE RO Y42 T VR THEEL, 1E
KD 10 73D 1 FREORE 3 A N TR AR ORERIESRZ THICX 5 Z & Al LTz,

5B 5 FEOUMDENARMAR D@y TEHOREFI X A F 2 7 ADRIFETIL, WA HR T HRICHEIT S
AR EOBES 2 L2 o@ iy FEHOREFITE— R« fEFRZ 57201, 1A 1 ARDHIC
FEFIE— NfT A Lo 2 iE 3 5, FrC. Bl —ihm B2 5 & 2 /7
ISR O OREED S EEMT CE D L DT, VR 2 b— g U AREICRIT B FHORE:
FEFNIRFERRAE | SRR U7, IREEDS TN DIT- DL, AR O TEIORERINELS 720 . RBIKT
IRTABFERD AN NTILAN 0 BB S Tz, S BIT, EFEDBERT— ROIE 52\ 3 Rouse &
— RCRERTE T, ST LITRBAITH D Z L3 otz ZHORERNG, RECIEE S 72
VT g A= a v LYV TEIAE MDD Z LI BNC e o T, T, RIS
PERTHGICEN T R 2 b— 3 UEBR TV, i ENSRMARDIRIARR) 7B AT LTz, Z0Y
BT S BEWIAIE M % e U TR IER O AR DS DAV, #AE— RO#)E [HEIE T Rouse £
— RIZIEWNZ LV h o Tz, REREIAR L L CORRMAORE SRR ORI X,
Vogel-Fulcher-Tammann HiIZHE> Z & &R LT,

55 6 FICATR L Dt e 52, 15DV HRORIEZ LT,




SUMMARY OF Ph.D. DISSERTATION

School Student Identification Number SURNAME, First name

Science and Technology IWAOKA Nobuyuki

Title

Coarse-grained Molecular Dynamics Simulation Study of Polymer Melts

Abstract

Polymers are long string-like molecules made up of the repetition of a simpler unit called
monomers. They exhibit various mechanical and physical properties which one cannot observe
in simple molecule systems. Especially, characteristic behaviors of polymeric systems in macro-
scopic scale are strongly affected by dynamics of polymers in microscopic scale. It is therefore
crucially important for the design and processing of polymeric materials to understand the mi-
croscopic dynamics of polymers. Recently, coarse-grained molecular dynamics (CGMD) simula-
tions have attracted much attention since they offer some advantages such as prediction of mac-
roscopic behaviors, and observation of microscopic structure and dynamics. In this thesis, by us-
ing CGMD simulations and relaxation mode analysis (RMA) method, a new method for esti-
mating linear viscoelastic properties of polymer melts has been developed, and the conformatio-
nal dynamics of polymers in a supercooled melt have been examined.

Chapter 1 describes the objective and overview of this thesis. Chapter 2 gives brief introduc-
tion of this field. Chapter 3 is devoted to model and method used in this thesis.

Chapter 4 presents a framework to predict the relaxation modulus, linear response function
under small perturbations, of polymer melts with the help of RMA method. Due to its large noisy
signal and long relaxation time, quite a large computational effort, which is tens or hundreds
times larger than the longest relaxation time of a polymer in the melt, is involved in the standard
calculation of relaxation modulus of polymer melts. In the present method, the relaxation modu-
lus is evaluated by fitting its noisy data to the generalized Maxwell model whose relaxation
times are already identified by the relaxation spectrum of a polymer obtained by RMA. It is
demonstrated that this method reasonably predicts the relaxation modulus of polymer melts with
one-tenth of the computational cost of the standard method.

Chapter 5 investigates the conformational dynamics of short flexible polymers in a super-
cooled melt. To analyze the dynamics around a local minimum of free energy landscape, the
simulation time at low temperature is chosen to be the same order as the longest relaxation times
of polymers. As the temperature is lowered, a slowing down of relaxation and a broadening of
the relaxation rate spectrum are observed. Not only the conformation of each polymer fluctuates
heterogeneously but also its dynamics deviates from that expected from the Rouse model. These
results are regarded as direct evidence of dynamics heterogeneity at the level of conformational
relaxation. By employing a much longer simulation than the longest relaxation times of polymers
at each temperature, relaxational properties of supercooled polymers in equilibrium are also dis-
cussed.

Chapter 6 summarizes the conclusions obtained in this thesis.




