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Molecular Simulation Methods for Investigating the Physical
Properties of the Polymer Materials
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1. M2

JIEAE vIES3EE E42 7|24 0 2 thg A LA (multi-scale system) 0] 1L, o2 A 2] HE(FAEFH
HollA mlEf)et A7t H e (HEZRE AIZh oA thekst FARS 4= Qi o]t okt A7) E AR 3
oA Yehs dRHE] B8, 31k 4] B A9 AZof| ofH F3FS v A7l o]A7tR] AA| = o1k
A A BAL L o] AR gigh G- A A= SHAI7E Qi SR shE BalE AER AR
ot @S BAR 4= QAL Bt 2 A HEoflA dojubs @4E Ashrlolle @AF A7
o} 2, 3 Fste 2 HstaAlsiH o 2 A FEolA dolubs @44 AT = AT ARz
U AApHo] Fo] Are 400 vl FFS otk Hole =22 & 4 it nHe 7HE2&(Martin
Karplus), uto]Z F8l(Micheal Levitt), 12]11 o}2] $J4(Arieh Warshel)2 %A} H8H4] e} 1714 &5}z
QS e AL RS o] 83l 7129 HA A2 Q| SHAIE SESkaAL sl 1 3R E Q1
dho} 20139 = SSAS AT T150] AAEE A AR E A Hxola E-L] EAS 7|& sk
A2 AT WL, TEAE HIEe B2 JAS olsfshe o] de] 582 Aozt 3=t

TEA AR AT ThFst A W AR HEol| A doju= E8] /38 @452 B3 datEo|t) 7t
£ e FH (carbon nanotube, CNT) 2} 122}0] E3FHELQ] 1EA}L/ CNT EHA|Q] A7 A EAS A= Soj1
AHZE 1). EFAIY A7 -2 ONT E249] A713 4ol kS =tt. A WollA, Ax= CNT At
©]2 tunneling effectZ 53 0|58 4= 1=t tunneling effectS F3F CNT 7+ AP0 7} ol A48 1B
A A7) A== g SHATE CONT 59 3713 B2 BdkAe] A7) Ax/de W FakS vt
=t H3A ¢hollA CNT7F AR A o] FH 02 \A| BANER] o w, B3A| 9] A=/ "ojz]|A =
o} o] olala}7] $lalAle TR} CNTZH] A& 2R o3k Alo] uf$ Za3ict. E3 Baha] Yol
CNT7} 2 BT Sint sleiete, CNT7F gA4ske 2714 YIEQA S 20 uhebr] BE3A|9] Ar7|dEEs
AolsiA g 4= QITk> waba], CNT7F AXEQ] A/ AR Hzoll B4ske A714 YEYIES ols)s}
= A= EGAY A713 B olsst=d] w5251tk &, EAL/ CNT E34|9] A714 E44< olsst

7] S, HIAE A2) HEolARe ANH A2) B Be)/saka o] that olslrt aTHk
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O E & | 18X M2 B4 TS U5t 2t Mot DAL 9

o BRA2 o2 B, TEA AR BHS FAHL
2 oJssl] SIShAE ofd ZHX] Ak BAL WS olgs)
=391 Hmol o] ofalrh Sublofol g & 4= glck.
£ 2o, A AR BAS AT 4 G W
AR PES A9 AR HEe] Uieo] A7) sk, 2 A
=53 gt 1R A2Y BY A7E 9ot oF A=
(Multiscale) 4+ 5LA} o] chsh Z12sbA 47pstedan ek

2. 22

2.1 YxiHsts 0|88t TEXI| Mt X A4LHCalculation
of the Electron Configuration of the Polymer Based
on Quantum Mechanics)

7 o} 7] 2 mol i kel Aot URtalel
ANHAE ALEYSF A4EAHHamiltonian operator) 2 1t
Bfiar, sidEYt AARE EZRE FElEA A
(Schrodinger’s equation) 2 o]-83} A}2] 532} of
YA &5 AR BALE o] F= GRS At ¢
gk 4 glo W THE QlgiEe) Sl gle] AAe] 1
£ AR 4= Q7] wfj &, first principle calculation(ab
initio calculation) o]2} 8|2t} $E-2 HXZ o]F iR
2] FeGA WS P Fe AL B
o], Hartree Fock, density functional theory(DFT) 2}
22 ZAE o83l B A WA F= TR RS
o] gg] o]-§=az Qlrt. o2 gt HHS o8-l Bl oA
O] HAF =, T3} REZoA Y] Mol el =, WEE &&= 4F
2, A1l Sfgt Afe] Mol & Ak W 4= L, o]
2L A9 AHE olsfistal siAshet B Eee T
19tk

SHARE eIt Wl TR Aol B4 A7
2 g37] flsliMe, AR e a7t dasioh gt

Electric network
of the CNTs

Interaction between the
polymer and the CNT

Time

Length

18l 1, Various phyiscal factors that influence the electrical properties
of the polymer/CNT nanocomposite,
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ok o) g3k ABIELO R ThE 4 Gl A AR ol
AR Ao 18R AR BAL ofd) & 4 YA,
ARkt 2A7E ZRSRE AA0) 47} Bol s e
vjmel7t e AR SEE uhe meAcks ge] 9)
o BAjao] ~100004E B nEAY] A4S, 7jEHoR
BAjpo] g 27] ulgo] B AR et ol whe
A FAsFAR) S o) 83 Shke) TEAE BRI A
AVSH= AL ARIA B7Psste), 127] dhitel, gRteist
Aol w0 18R} Azo] B4 o] A8517] 91, o
2] 74 92|29l whle] AmEl3 Ik ol Sol, 4 7
o W92 olol4l el eje) ;EAe) AR}
£ ARSI o] ol gl WA o7t 21 TEAY] B4
AZHAL” nEAY] B4 28719 FRrofatael 4L
B9 24 3EA] B4 olastei Wo] Alma
Qe

2.2 T SsIS 0|25t D|AIK 22Xt 22 Atomistic Microscopic
Model Based on Classical Mechanics)

A 270 FAFGEHA ] WS o] &8l BAMY et
& AXBR= AlEF o] HS ojn] AAH ALY o]
o]l T = A= AP R ARE = vl AR o]
o} wEbA] GRS Q B2, ohA ARl o] RE, 71 A
7 Aol A Yojuh= AEARY] FHEE EAAS dAts]
o= AR = 4= ok wEbA, AL A= FH5t
ARl EA4S A7) el 1 ks o83t o] Wo]
E=a gick

A H3FR| 0] HlEHol| A= ZR}L] AR (degree of freedom)
£ A7 o= aeslR| ARt A0] BAR 2 W EARE
A5ARgo]| v R|= P YR A] IH(potential energy
surface, PES)©2 Ueljjo] 7Pg% o2 1&3ict. PESE=
YA} 39| Qx| wE o x| & = FRAE T A H5t
Q1 oA BAE sk GRS ARl 9A] o]
Qo] ob - AE7EH e gl vhde, 1 ek Q] B}
RES o851 fJaiA= i aLEAFe] PESe thgh AR
7HHEEA] D st BAF R Q] PESE o]-8-3f) KA A4
o] SUEYLHE 2T 5= 3L, °|F o83l wH 9=
71822 3t molucular dynamics simulationg =83}
7 BF Aol A A=Y AA (trajectory), F Al

2 QRS 5%} 9 Hojd 4= glrk!

A Aoz, BE Ao A1 A& o] 85 &
<= 93Hy, F9EE B4 AL 5= ik Rk HAL
HE Fkp(radial distribution function)E ©|-8-3l, I1EA}
A|2"-9] 2 B op g} o7, 318t ZEIE, oY 5 Al
g9] = JoekE EAS At o] 7Fssitt WAL
3 F==0] F2)of 3K Fourier transformation)S 3 &



A 72 s AR & Q) ok e A7 2
St 02 vt b ok, weba] AgETE oS 2
shuskot) Bas) olg ST 9tk Ea AR AT
(time correlation function)E AAFsHH TR} A|AH 9] 1
= 598 54 Akl U= Aol 7hssith olE &0,
TEA A A" 3ok RS SE9 At ARk
£ A &E5HH dAH] it AleE At 4= 1At Y AIRE
& 5 ARk A ©dE(shear modulus), FE
(Young's modulus) 5 3@t A&0] 71414 E/d(mechanical
properties)& G 4= gtk wekA MD simulation 31
A} Al B ol 230) B4E A7l A H4 o
) ol gk 2k HAF WAL Y 5 ol

BA g 7|vko 23 Monte Carlo(MC) simulation
& ol g3) TpA Aol P2H S4E AR U SE 9
k" MC simulationofl A= PESE: 0|83 Al2819] o]
£ AlkFstal, Metropolis algorithm-2- 0]-8-38]) o x| E£7}
L, 2= ensemble
= 85 ¢ Y= AL ol o] F o8l EA =9
Fz7 Ea|5F9] ensemble averageE ¥ 4= Stk MC

12l 2, Simulation snapshot for the atomistic microscopic model for
polycarbonates,
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simulation MD simulation®} E2] AJ7k w2 F&&
T84 7] o], A A Eofahe ATl 4
oA AR 54 Al 2Flofxd= MD simulation ek 2
BE2 02 VA AR 24 ES BAHE o Uk
W B BRolE A9 AES D st
7] W], A A= ol AolLp shhikgolt i
A A= 24 BeH BAS RO slesied) of
2R o] g3 AL Halelx] k. ST B|AH B2 2
D2 A oA BAREY A2 aEsh] mheol,
A7 A5k go] A A=) B4l 1A Ao o
3 Atz oz dgs) & o vk A -E8A HollA &
AR} Asol Bt A= o710l Tt tiEA A Alojth( L
4 2). A= A -8-sA00 H7HE o] SA] ALEAY
§E o] st 2S ARt YA} aRE o 7|
52 317] Plalate A ol dhiRle] Bhato] 2 ol
Uok BRIk Shito] YR 2 ol A% WA 1ER
gro.2 whALk $2i7) Qe Wby 1B ol A8
S e GRS ke Aol Sasith At Y
o M AR|e] ABol QR HlAE 248 BAH S
A olafshis A A2 FARE st JlolA] -
Faslch 0AH 24 BEE ol g3, TEA} SlofA ] 1
AR At AE ARz Akt 4= s ok,
elgjol TAte] Y3t 2] AERES NYH oD A
A3 4= 910, iAo TiAje] 724 S el
A&l mAlE FFE A FEA ol = A S

Fr”

2.3 32 1321 2H(Coarse—Grained Model)

AEAL AL vAIE E4L IRAE olF= TRl &
A 2ol G VAT, ANH BHLS THAE o2
SFA ] A 2] A glo] A 4 2, a2
220 & FFe Ttk A€ =01, 9 1E2A S8A
(entangled polymer melts)2] = (viscosity) = LEAE
o|F= TFAl 2 34 sl vlFsk=t, o7t B
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