| o o sl TEXI=Ado] ofl=
HFEH EXAIUHE o|88t IEXIEML o5
o
e ¥ .= 3 o
1. M = F= A=
AFH st=dlole] F453 Ly gEo] EAVAA Y HY(») = E¥(r) (1)
o2 NEAEAE ALY 5 Js 2ZE 7T AEA
Agsln ok =3 AU e S8 DEAEAC o]7]4, HE Hamiltonian, E= U], ¥ 3534
B2 FuUt 34 et AFEY ME JdAE 5 £ Jehdroh o #A4e F= ANE B T (nNE

A BADEE A58l A9 B YaME 1k
e} Belsieky BAE d&aAY Az 7Ied 1'A
& AdASks #o] 1A AFEHE ol &3 nER
9] EAE &3 WEozE Atomistic Simulations
(BA5E, B Z2=2APY), Mesoscale Simulation
(DPD), A& Wy ez xRt A3t
ATHAE ol&3= WH(QSPR/QSAR), A3 Wy
Q1 RIS(Rotational Isomeric State), RMMC(RIS Me-
tropolis Monte Carlo)2} PRISM(Polymer Reference
Interaction Site Model) Fo] ¢lt}, AFEE o] 4-3 B
A ABEEE B8 ¥ 5 gAY E4L A
71413 A&3} permeability, miscibility/compatibility,
reactivity, T,, T, 4H,,;, viscosity, surface cataly-
sis, 3x) FRAE 123 A7) A ol ). HFE
BHE o]&3 ExPdA MM (Computer Aided Molecular
Modeling : CAMM) 3} =1 % ¢ Al#)2 Amslma} sk

ol
AR

2.2 B

2.1 IEXL EHoIE N 715M DEXMEAN ol
= EXFEIALY

2.1.1 SxtH9ErEQl Uiy

PAAYH WL vhee] Schrodinger WHAL

ke F = e Ab
imitio EoIBaA Pt 4 (Lol Wgae & o 47
o] AAE AdAZEE Fol7] 3 AEA Lol

=58y
1987
1987~
1989
1989~
1994
1994
1994~
1996
1996~
A

SEELE TR
aTled geiziam
(54D

Fdlee gelgetn
(b

F2348}71290 (post-doc.)
SopiggsTe MY

¥ Teigin Molecular Simu-
lation Inc. #JAT7Y

=ZEl
1974~
1978
1978~
1980
1980~
1983
1983~
R
1997~
A

A¥iE sfete(sap)
A=) 2alsiag

(44D
LR LD R
()

Sude B8 2s

EAAA DA 2%

Property Prediction of Polymer with Computer Aided Molecular Modeling
@= TMSI(Jeong Hyeok Yoon, TMSI Korea, Annex 511, Soong Sil University, 1-1 Sangdo-5-Dong, Dongjak-

Ku, Seoul 156-743, Korea)

st EAEA AT e (Kyoung Tai No, Computer Aided Molecular Design Research Center, Annex 511,
Soong Sil University, 1-1 Sangdo-5-Dong, Dongjak-Ku, Seoul 156-743, Korea)
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Abinitio ¥

oz

%tx}e@[uw 23 "% (Semi-empirical Method)
W E & (Density Function Method)
o] 27 Wy
o11%] 2434 (Energy Minimization)
L B Eigdz 2A}
A9 (Monte Carlo, Method)
(Statistical Mechanics) - 22188

(Molecular Dynamics)
Mesoscale Simulation(Dissipative Particle Dynamics)
RMMC
Hybrid % {:RIS
PRISM

%8l 1. Property prediction of polymer using computer simula-

tion.

Adsz dAsd Adse .
(semi-empirical method) o]} e}, ozl &+l uhd
KX o]gx-lo] X-LZ.HH:H = 763} Je 7}1]- _‘r_;qu]. TAZQ.
4= 9lE 2ol 77171 WS Agke o) gioh
2.1.2 Z#EH Ly

Z Eale] T2 A4to] 7Fsdl=E ARE Alole] A%
A4S BAN F U THE @45 2E volEy ¢
A} AIE AMESH 2T o] BARGA & 9
EE da g ZHEg aisaser) @39 o) g4
Agate] Bxi7h 45 Aee AYEiA Hn BE om &
AxlE & A (force field)o)at st} z i)
s vyl ¥s A3, van der Waals WHA & So
e,

2121 83

B EE 2R 4338NE A2S F A
AEn BE e O 29 e o SR Bxle%
o e FRIdR] g2 FAHAD).

A Fe] 74 AR oea 2o

ri’L'

E= Ebond(1)+E5end(2) +El‘orsion(3) +

Fer0ss(5,6,7,8,9,10,11) + Epontondea(12) (2)

2122 HEE ol28 EXNTX ZYWY

2.1.2.2.1 of|L4X|=|43} (Energy Minimization) it

22 UAE EAE o] FE Axtel o] et 3
2 AN 5 Y. BEA Ex B 998y
o wet o7t A e e sAskE T S o
W Y T2E Q) el FREs] BE 4 945
oAM 2] UAE A Peh 2] o7}
g e Ao AE At 95 () A8 g B
Al oizle] st geret meb (E=p)e ws
S BATE BRWL U Aadels o,
497 A9 Be Y3t TANIAE Them 2
SER:EES

N

DEXDE Jle A9 A4 5 19989 8¢

11 12

3 2. Force field terms.
E(r+dy) = E(r)+— Ar (3)
AS) oA ‘j,f 08 AHIAE I A,

E o]g%t -’Filffﬂ"i-J LREL oY 7}117} —’_""-XH o}‘li
714 Bol] AMgEE ¢ia)&L Steepest descent, Con-
jugate gradient, Newton-Raphsoni} ¢|S2HE] g
H o2 geel LuezE Fol Aok

2.1.2.2.2 2H|&2 (Monte Carlo) Wty

SHZR P2 FAEL PHoEN F1ER] FFS
ol g3t EAFR(P) O] & Ay Izl e
P Wyolth ol& FHow FHIFHE (4)A7 o)

én exp(— E:;/RT)
<p> =4

~ (4)
2 exp(—E:/RT)

=1

()29] Axe F2 Metropolis Yi2]Ze AHg-5t
o, o] due|Fof o3 M4 BTz Aduge g
39 vehy o
2.1.2.3 EX152{8 (Modlecular Dynamics)
EAEE s WHe 24249 4 (causality proc-
ess)ol o3 2 Exp7t EX sbed FREL Azt 9
o] g2 FHI
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Ple] aRel T2 7 Generate oluje] A¢] AN (Hr)AH
[ a7z r,+1a Generate, E(r:y,) A%
|

Hr)> Eri1) or eXD[-(Hriﬂ)‘ﬂT; /RT]> random
num(0,1] then
Iyes no

Repeat

{ Ih Yl |
[ if i+1>Nstep, then Stop ]

& 3. Molecular structure search algorithm using Monte Carlo
method.

AH——d—r (ABF e (5)

K+ aD=rp)+2 =

o} FHL AT (4tx1071%) Alol9l ¢xe] W=
Taylord7fol Al 322}3}(high order term)o] FAJE &=
Ak watd (5)4 & ole} o] FAMHo R FHEY
% Se.

d*
ar

2
A D i) % (velocity)el Aaiet, L7

e 7}@ & b, nacEaA EQEAA S
L3 Rae] 97} B U 98 4 At

r(t+At)~r(t)+ cAp— - A (6)

_ _dEwm _ . d¥

dy —ma=m: g (7)

9 (DAl o A BATEAA A2
AA7E BE We ANE £ Yok Bk 4 (6)e o
&3} 2ol BEY %

Ht+8t) = r(t)+v&t+£8t2 (8)

A Ao wet Exle A4 A s FRES 2
Hi o] HAFE FaA A7 g 219 A (trajec-
tories) & B3 A7) gt AR} FEaje] oy
7HA] 298 AL ol d 4 Utk

ol gl A 71&d IS o|&F oz EAle] T2
g 2AAT A, o] 2R FRE o83 o7 o
Aol L 5 Ut

2.2 EXtRAE (Molecular Modeling) 1t X-M =[EZ
ol33 M .T'_EIHCrystalline Polymer) 32| 2%

IEAERY FRe dP3] EFsie e IHAE

AL A2 oReld TART FRA} SEA mE
2} FAl&9] conformationo] WAL e AR

ojx] ZA 3} (packing) 2o} ©}& polymorphism &4
& Ror|= ¥} ti¥-E9] A$ polymorphisme I
ArkEe] A2 oE YA Bl 71918k Aol ol
B AA o] Wl @9 (mode of chain-packing) 9] x}o]

mmi

¢

oy
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% 4. Fiber X-ray diffraction of poly(p-phenylene terephthal-

o ylelgith EF Al Wige nEA A& ¥
(interchain force)ol| &} o] Foix|&d] o] AL AREU
X 3] (intrachain force)Br} AR kg MW olz} AR
2 EXzolt}h. matr] FAREY ‘:}axﬂ o EH“ CODfOI‘*
mation FE7} FE3AY A9 & F gl= =
%8] packing ATHe FAlSME 74 o2+ _T_’—E* } 7576
TZE Gohl7|7} olE Sz Az Yo Bakde FE
g ¥H  AAser @v. gAY FEe
conformational search& FsiA A3 DA T28
e o o|& FAR R packingsle AIZTFEZ AL
g.sh:} ZAAA s8ze] AAGY (crystalline region)

& A FAKE] Wkl AXFAL o] 8 V|ELE 1
2 A3 9l packingTZE & 4 At WA LEA @
B o] FAES Wz ARARY] § g A
(B5e A% cFe AR, thgoz 4
g 2ZA 7”04 Uy 737 F9] HolE & o] §3A
eke] AAGrE 2R £ Jvh 8T AR
sl ZAAsHH ?J A Z 2 (symmetry operation)&
FAA 2dEE A 7] packing FRE P8
(a7 4).

olgdA AAE FxE= Exrmddge] uhl & AL o
23 FxHA 3 (geometry optimization) & AR A
AR}t BEAS T2, TEA7|EY FE AL o
g TR E FA AFsH Bk o)¥€A dojd 1
BAEA e Bt 3.2 fiber x-A 2d¥ A0E Mg
A B x-d ZAre} vl wdzgoz dojzx Hx
o] B34 E FETG A9 2E J——‘?-Z}€7S‘° a3z
7t FAY o 97 182 FYo] s FRE A
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MOPAC AM1 OPTMIZATION OF POLY(ACETYLENE}
AND SUBSEQUENT ELECTRONIC BAND STRUCTURE CALCULATION
BAND STRUCTURE DENSITY OF STATES

=

-10
-10

Energy teV

~
>
2
2
&
.
2
J

2
o1
€ T 2
[} . .

~20

Fﬂihﬂ'}]

%l 5. MOPAC AMLI optimization of poly(acetylene) and subse-
quent electronic band structure calculation.

22 g2 ZAEE 7= ARE ) W19 e
t}. a8 9Je] Wb o 2 packing &7 2AHT o
d g FRARE 98 AFERV BEojRoenE
A 2 AAsEr & AE7E ojdohd mEa)
2He Aee BEudEgs x-A FAEMAS EiA
Rietvald®] & o] &3 A &3 F2EHo] 715sly o] A
% GSAS, DBWS %9 o8] 7}A] Rietvaldg& 9%
Z2IWE o] &8h= Ae] sl
F47](polar group)& 7HIE nEAL] ALd= B
Aztel Aol Hrt BEAFHo|H g, o] (mEAAS
Aol A 01%‘—5—0] EAARE Alold] 7HE &AY), 323}
(dipole), #4Z2H 5& & &+ Yok B3
Ao v gl 3 ikl 738 J 3k A
g A28 packing BN A nla] A8t A atgich
2.3 SxAEy WHE o8 TEXI EM ofH
FAAE AN Bl nEA] TRE 4E2F 5 9
I, B44E, tensile modulus, 182 TER7} A&
AA71EA B4E &8 4 Ut gL uAEER
(semi-empirical) YAty el MOPAC T2 1de
]88t poly(acetylene) 3} poly(p-phenylene)e] T
ZF AR Z4Zte] band %9} Ae]U% (density of
state)} & A4tste] A vl Aotk 5).
Poly(acetylene) 9] 4&2¢l C-C Zol= Z42} 1.346
A, 1466 Ao]31 MOPACE Alg3ld gd& ZArm:
C-C Zol= 135 4, 144 A2 2 YXFL HA Zu},
E3& poly(p-phenylene) ol A <143 WiAlna] Alo]g
AEA)] 23 Ztx = 22°0]n] MOPACE A4-3id
27 Z=E 39.2°=2 AAEAC. Band gape nE
Ztell A=} WA (electron acceptor)7} doping='d TR
el A7l Ax=e} FA=] k. MOPACA S &
& band gape] E 13} Zo] 4¥A e} e $H=
28kA] AT AL dAFL RoF)

IEXDst 7l A 9 @4 5 19989 8¢

H 1, Comparison of Band Gap of Experimental and Computa-
tional Result for Poly(acetylene) and Poly(p-phenylene)

polymer A¥34<l Band Gap(eV) MOPAC9] ¢ % Band Gap
polyacetylene 18 6.4
poly(p-phenylene) 34 755

MOPAC AM1 OPTMIZATION OF POLY(PARA PHENYLENE)
AND SUBSEQUENT ELECTRONIC BAND STRUCTURE CALCULATION

=
rod

: 3 A "
J% 6. MOPAC AMI optimization of poly(p-phenylene) and
subsequent electronic band calculation.

ol GAlEt FriA s Ae Bele AR F, FetA
¢! AAol Z23% NLO(non-linear optics) 2=}l A
A4 (EL : electroluminescense) 8%}, ATAl Ti
Zke] Ao o] &% & k. 2o} AR 23 Ad}
& 47) 43, ab initio Yo} DFT(Density
Functional Theory)®H& Algsle] B} Ag82 7}
Ae ZHE 48 F U 28 o)E e ge A
AF AIZEe] S TFE T AAZ AAte] 715E Exlgr) HE
DA 1~27] B=e aX s AS7 R Re) 1w
oA YAGEA NG o) g3lg TR FHAR FA3)
< & 4AE = Ao 6).

24 BXtHEE o|88 DRl Ulo| B2 Exlo| 3}
T (Permeability) A|At

22 FA el AER e T okBe] A, 8
241, packing A& T oM wj$ 2a 8 HA =
o] shioltt, TRz} WA Bt AL o158 5
U= HEE oddllA e MD, MCH a)x QSPR#%
22 wol A8 £ Ut MDE iz} UdMe =
2 B2 $AY S €AY B 283l 1 AnE B
Mo 2H Exje] $FL 438 F Yok J7 72
Zedzd AMSEE LEAARY HAE 95 B
28] swollen® poly(vinylpyrrolidone) ujol] Atx Bz}
9] 3 9d& MDA RS B3l 33 Fajoluy.

a3 84X xFE MDA o] dZe] y2o A
A%l mean square displacemento]® Q. EZe] y

B
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18| 7. Distribution of O, molecules in the swollen poly
(vinylpyrrolidone).

757 T T T T T T T
A 25%
g r o A 49%
© o
& e
A 65%
=

Time in ps
1%l 8. Mean square displacement of O, molecules in various
polymer concentration.

s}

& LA gue HABT B o] IR wf
A%Ae] e FI9e nelzth 2o, B @
sol @obgel mheh #aH oz Fubge) F7hehe A

o ohde 18 82 B ¢ % At
olsh o) BAZWAE, e UF $ER nEAZ

FE 428 5 U 7154 nRA A9 olg¥ 4

Q

o T
R
)

»

25 o3 HIWHS ol88t IEX Miscibility/
Compatibility A4t

nEAst nEA, DA} 2L B, B BAE A
o]2] miscibility/compatability= 2#2}e] 7}33} 24
d F8% giclth AFEHE o] % iz Bd= ¢
AH RS el WS ANl &8 ey A
4 Qe oz QSPR, weAxRd, EAGs
WHE ol &3l AdE 5 Aok F LR Alele Bl
= g9 AEZAE 57 ke EEHRe &
Folv Al s Bddrt.

4Gri= A Hyii— T A Spiv= A B+ PAV 3is— T A Spic (9)
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Flory-Huggins(F-H) o]&e¢] Z3{a39l Afolliix]
AN £ e nAF WA F-Holg&& &
Balel 3 A4dn) 18y, adapt Az §
3= 973" L a9e s TER
ded F-Hol2& A4% 4 vk 18
s} e BEE AW nRA Ash 1B
AUl e o Zo] HECh

g 343
e
9]
&9

2]
i}
!

Bel

o
=y
XN

o

=) L Fl°| 2L o

Guir/ RT=(¢4/ Nu) In ¢a~+(¢p/ N) In ¢p+ xrudadp (10)

A7 p,, Ppe TERL] FHEE, TEIL xpe
Flory-Huggins®] 4324 vz dsojtt. LBE 9]
e F Fe T AR FHd A{FRol LER Akl
packing® &+ & 2$9Y FE ASToEN E&
% e 2% dezge) /dg uepan. Egue)
Flory-Huggins 4324 vi/l¥4E ¥ 2829 4
BE=7 A4E + At Flory-Huggins 3328 of
NEE xprE HFE AE o] B3t T WEL &
= dAHEFE o] 43t QSPRWH, €38 &R
HHETS] (repeating  unit)Atele] FEAHQ LS
ojg3le] EF JUA=RE de Ay, 12in MDE
AMEElE @ A Bol Ak v nERe] AEE
2 olgfl3ly] ¢Js PRISME 58 AHIAEE 378 Ao
th, PRISMS K. S. Schweizeri#} J. G. Currod] ¢J&}
7394 e 2E21e] melting, blendmg, pair distri-
bution function, scattering function $& & <+ 9l
= 94F9] off-lattice continuum modelolﬁ} o] v
TR A TR} TEA AlEe] TEEQ)
2 & e Az ol 9).

2l 9= PRISM HH& ol43sled isotacticT}
syndiotactic PMMA 7} PVCe)] t3¥t ztzte] miscibility

Jillie3

!
i

Mo
BT
84

o

il

£ 95% Rolth. AFHE o]&£T 99 Aiteziy
% PMMA tactic polymer® miscibility®] X}o]=
Gm I3 A 1 ] H 1 I ] 1
. 1 st-PMMA -
500 =
g A I
E‘ 400 -
[
£ N )
300 ~ -
it-PMMA
200 L] 1 T L] T ¥ L) T Ll
0.00 0.25 0.50 0.75 1.00
Vol. frac. PVC

12l 9. Phase diagram of isotactic PMMA/syndiotactic PMMA
and PVC using PRISM.
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38 10. Model structure of polysulfone for mechanical properties
calculation.

isotactic PMMA©9|+ trans conformationg 7}x]=
conformer®] M&7} &3, syndiotactic PMMA-&
openness’t W& ZAiele A& A9sad.

2.6 BXIE 22 YxstE o[B8 TEXIS 7|A|
& MEe] At

4% stresss} strain FofjAle] wEAe] 7AH A
e EAGEy Fxdets Ba) EREE A Aag
T UTh nEAlY JAH HAL AN wEe New
ton-Raphson minimizationd| ] Qojx]= o] xju]i &
Fe] #4, tensile modulus A4HE 93] static or con-
stant-strain ¥, constant-stress dynamics, simula-
tion¥ trajectory?] 248 E8 9& fluctuation ¥HH
. oleb e whlg Alg-dled IER} polysul-
foned] 717414 4aA& <7] s I8 107 2L poly-
sulfone F4% w8z 2vle MHAslw, deformation
simulationg 433}od, Young’s Modulus : 3.88+/—
1.51 GPa, Poisson’s Ratio: 0.24+/— 0.15 GPa,
Bulk Modulus : 3.02+/— 1.48 GPa 28|z 993}
AF 216 x10MK S 4& 4 o}

2.7 Correlations Methods{QSPR/QSAR)

TEAE We W99 F2HA gag JXa 91,

o] 9l

E A3 B H9e BARe A1 Q. R A}
=& AddE #8588 7IXe ¥ 899 conformation
& 7R ok 2dgoA AEsh) B4 295t

|

2

conformation 17] 913le] Be Rzl mulo] B
Hol @} o] HPoNA A BRo] 45D ¢
o old o] f mEe] B Rl thopd 1

Y

o
= n
)

i)
ol

o] correlation ¥'8 7} Coarse-grained(mesoscale mod-
els)eo|t}. Correlation o= Group Contribution
Methods (van Krevelen’s techniques), Connectivity
Indices Method(Synthia) So] ¢l=d] 4=8k¥9] correla-
tion WP TR thsle] dmY= A o =slma} &)

DEXE D 7lE A9 @4 T 1998 89

Atomistic scalq
properties m
i Continuum
Chemical [T 0 “ P _
composition QU/HU_Q.% scale properties
Properties
Atomn QSPR .
ivi during product
Connectivity lifetime (years)
Molecular .
mechanics Creep & aging
data Properties thatd
can be measure
Quda r{tum but are not well
aa understood.
Molecular
theory

2] 11. Role of correlation method for the polymer model-
ing : QSPR.

© A B4 Aol rha &g (A 11).
o]& correlation Y FEA} 7IA = Qe W9

23, 7144, 9994, 47|17, BeHa, Ay 2
transport properties & &3 4 i} o]
BHE HZL £88 A9 2EAE AT 9

= dgp=o gk oo correlation

ok

&2
oZ flo ¥ ox

4

=
ZFE

W eE o o 8

i orlo

(repeating unit) & FAsh= A2 £& 4o A
number of QSPR groups, number of backbone atoms,
van der Waals volume, glass transition temperature,
melt transition temperature, volume at 298 K in the
amorphous phase, heat capacity of the solid, heat ca-
pacity of the liquid, entropy of melting, cohesive ener-
gy, parachor, permachor, elastic wave velocity, intrin-
sic viscosity, viscosity-temperature gradient, optical
refraction, magnetic susceptibility, A4 2], M0
E=¥, half thermal decomposition temperature %0|
27H. o|F dolelsh 1A B4 2 HYHe
ZHE 7|22 3 correlation HHEE olgdle] =3

T U nEAe B B 29 2ol
QSPRYHE BAZ AFga2z Aokel mE=s}

&3 E Hobol AHIAE Wdst=n 59¢ F0. B
2 polycarbonate We]l bromine X3k w}g EAe] W
38 QSPREHE o] 438l o &% Ao},
2.8 RIS &2 RMMCE oJE8t DEX} Al&o| BAJ0I
b AL
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I 2. Various Properties of Polymer Using QSPR

Glass transition temperature. Crystalline

melt transition temperature. Attainable de-

gree of crystallinity. Maximum linear
¢ growth rate of spherulitic crystallites. Densi-
ty of glassy, rubbery and crystalline phases.
Volume coefficients of thermal expansion.
Volume change on melting. Molar heat ca-
pacity at constant pressure & volume. Molar
entropy & molar latent heat of fusion, Cohe-
sive energy & solubility parameter. Surface
tension.
Bulk modulus. Poisson’s ratio. Longitudinal
velocity of sound. Shear modulus of an
amorphous or semicrystalline polymer. Ten-
sile modulus of an amorphous or semi crys-
talline polymer. Tensile yield strength.
Compressive strength. Flexural strength.
Indentation hardness.
Permeation of gasses, Specific permachor.
Permeability of gasses. Viscoelastic proper-
ties of polymer melts. Activation energy of
viscous flow. Newtonian viscosity. Charac-

Thermophysical
properties

Mechanical
properties

Transport
properties

teristic deformation time. Non-Newtonian

viscosity.
Dilute solution  Mark-Houwink-Sakurada prefactor. Intrin-
properties in a theta sic viscosity. Radius of gyration. Critical mo-
solvent lecular mass for entanglement.

Dilute solution Mark-Houwink-Sakurada prefactor and ex-
properties in a good ponent. Excluded volume expansion factor.
solvent Intrinsic viscosity. Radius of gyration.

Concentrated
solution property in Newtonian viscosity.

a good solvent
Electrical, optical,
and magnetic
properties

Dielectric constant. Resistivity. Refractive
index. Magnetic susceptibility.

Enthalpy of formation. Temperature at half
thermal decomposition. Char residue. Oxy-
gen index.

Properties relating
to thermal stability

H 3. Various Properties of Polycarbonate Using QSPR

Brittle  rpermal Surface Half
Number Fracture . .. Refract. R

Bromines  Stress Conductmfy Index Tension Tg,(K) Decomp.

(Mpa) (J/(Kms) ") (dyn/cm) (K)

none 123 0.193 1.587 389 416 671

1 110 0.189 1.607 403 421 665

2 100.6 0.186 1.625 414 426 662

3 93.1 0.184 1.641 42.4 464 659

4 86.3 0.181 1.655 432 499 658

BE9 RISo|2& &9, bulk®t meltJefold &
Z} Alze] conformationd] oj&E&l= IERY] EAIH
BAY 182 A, dE EW end-to-end distance,
characteristic ratio, radius of gyration $& <&3}7|

S8 A1 4 Atk o] WP AYL DR Ak
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o] AHEE @A torsionBolgte sHelth FAlee
AL BASAQ e S s dgdvke 7}
R4 o]FolAt}. & polyethylene?] 3¢ FAIES]
C-C A&& trans, gauche+, gauche— Z dhutd] &
Aot 22l W Agl A3#8(long range interac-
tion) & FAHI JEH FEE Aleje] A5 1
23 uhdolr). RIS #wH& Z Rotatable Isomeric
Stated] W% mEA Azl X 8 FAAHYL 7
zz 2 7)uto g 3lm Qth RISE ol & 7R F&
3 g Al 1 AaAME 3 AL 7E 7
Zd gig BAZHQ 7AE:A 7} olof BT, YE BE
o] g=afiviol uh. U tidel FEEA AV
Z Ao phenylZ|& 713 dE ZA$ 4 conforma-
tionel] W& FAZQ 71EXE doulzlzt oIt of
#3 odege FEI st MCHHE Apgde
RMMC7} metgieh. RMMC 34 & sk o33
24},

1 a2a Aleg A4

2. 82} AlzdA] § torsion® FERYE WAL,
~18091 41 1809] torsion gt ZA FFHZ MEE G
& A g

oluje] R} FZ2 NUA(E,,,)E AlLtEh

4. E,, 7t 94 9 Fxo] Uz sr} AskE A
2% torsion g SASH, BobyEH

5 03 1A}e]9] random number, R& ¥3il, exp
[-(Epp-Eu)/kT]7F RETH 29 A 28 torsion &
fA8la, Zom o)de| torsion FOE FoRith

0194 2o BAQL yrEslo] IEa} Alo] HPJE

28 gi7kx] S o FHAHAA LT3R A

’d‘a E3lo] dojR Ade] FRoRH o8 A &
2}¢} conformationo] FHE = BAE dojdth

2.9 Mesoscale SimulationZ o|&#t 12X} AEe|
A4t

Mesoscale simulation® F=#@A! 234 (soft-con-
densed) 23 2] mesoscale RS &3l ARL MY
olt}, o] AL TERIY] B, BE FEHPA|, AWEA
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U= 104]4 100 nm =719} o8 & B2E 5 A
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unit) v &8 o sle] @At 3hte] beadZ B
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=2 2Pl o9k Ze A (system)? simulationd
Langevindlo] ¢]&le] mAlHAcTh o]e} 7S mesoscale
simulation & E& 2402 g EHFo2 A oil/
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%l 12. Isodensity contour of oil/water/surfactant using
mesoscale dynamics.

1%l 13. The A3B7 surfactant morphology change using
mesoscale dynamics.
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tiong ©]43t9 o]E9] morphologye] WalAY L w9
2§ RAojr}

Mesoscale simulationg o] 858 F58H ] 4 24,
detergentol 9] critical process, reverse micelles,
latex seed formation 59 #AHL o8] & 4= gut.
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