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1. A2

ZYndYI &L 1 5% 743, EEH EAHJoE B FEopiA T2 A=
$853 Qv 53 XRDEMozHE 2" X AAAHoZRE Eudd
FE AA U 9475 B d7ALEe #AAZ Ha g dARA F2 AL
48 PVAZA R 9= £ Z Bunn model "#} Sakurada model ?°] o} (Figure 1).
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Figure 1. Crystal structure models of atactic
PVA proposed by (a) Bunn and (b) Sakurada et
al. Broken lines show hydrogen bonds.
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27 tacticityell W& mEXRIS] E2A & AHR7) 93t syndio tacticity7} ZHzF 509,
65%<% AEAAAE wWEY molecular mechanics$®t molecular dynamics simulation
S q3te 1 9 AH BT Syndio tacticity 7} 50%(atactic)d ™ o] R lattice
parameterE Bunn model¥ "l RS @ v MAF Fo]lE BYn &x W
slo] wWE lattice parameter? A% z+2+e] tacticityol wet A RgEoh 50%¢
60%< PVA ¢ 2474 @4Ex 48X & #e /MY 2dEZE &3 BFS
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2. computational method®

B AP A& 2R Cerius2 version 4.20]3  Silicone Graphics
workstation 0,14 33 H T},

2-1. molecular modeling

£ modeling A] €3 Bond length®} bond angle2 Y. TAKAHASHIZ} A<t
3 =L HEsA. o] gELS Scheringerol A¢HE Rigid-body least-squared
method2 5B Ao of WM E 274 YAIFES ZAZ AFsAG

Bunno] A¢g PVA crystal®] unit cell parameterS ¥ B @A Zbz a=7814,
b=2.52A, c=551A, 283 B=91.7 ° , monoclinicel® HFKZFo] bFAolA zigzagT?
Z2 252A9 wETY = wol glon space groupe P2,/m— C% . Nitta et al.-&
X-ray diffraction dataZFE o Tz FEAYLS FHIIHG B AYdAME
modeling Al 27] 24E Bunn® 92 HAsH

2-2. molecular mechanics

127} PVA BETHE Zte TEAE S 44270 bEol FAHA wjdT Al2dd)
W3te molecular mechanicsE& A 33Tt ALY force filedeE PCFF(Polymer
consistant force field)eIth. PCFF force filed CFF91 force field® 7122 39 o
35 LA AA polymerst organic ¥4 B @ REE vE force filedol . PCFF
t B functional group®] UE AL I Bow PVAZRANA AY BAARHA 84
Q! hydrogen bondingS M &A& = dlolE A3ttt molecular mechanics$t molecular
dynamics 25 PCFF forcefiled® 2835tk AA potential energys olells} &
Aoz AHeoldt

Et= Eb+ E0+ E¢+ Einversion+ Ecross+ Ecoulombic+ EvaW
o7l A  E,E bond stretching energy, E,t valence angle bending energy,

E4= dihedral angle rotating energy, E.gwi= van der Waals interaction energy©)
th4X2 Array super latticed] tato 2 g3} A9 Periodic boundary conditiong * &
3t th. Van der Waals force$} electronic forceol] w3t cut-off distance: 85A %
stH o},

2-3. molecular dynamics

Molecular dynamics= OKHE 400K7tX] #3lA]7]H A NVT(volume constant)
20ps &3t Al NPT(pressure constant)o} A 40ps A &3 Ac). o] LA QojA 2}
2EdA9 HF =Rdol ZAA ®©AHE ZAH A ALLsgT o] FAGAHE HA
Periodic boundary condition® 2 &3} t}

3. 83 & IF

Random number€ %3+ modelingdt 50% s-diad PVA$ 65% s-diad PVA©)
B3l 1 Lattice parameter$} total energyE Bl 3+ R o] o}#] Table 1°]t}.
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Polyvinyl alcohol) 2 &0l of 8 PCFF force field & 0/&8l 2} A|E&8o]/H

Table 1. 50%, 65% s-diad PVA°] tl§ simulation (NPT 40ps 3 F)

total energy(kcal/mol) a(A) b(A) c(A)
50% -5266.9567 33.131 30.3616 104112
65% -5158.4958 33.0009 30.8090 10.355

Table 1914 BEt}A|d] s-diad 65% S 50%PVAS Hlastd & o a3y L& &
AAENAT bEFL AUHoz Hogr. o|RE 656% s-diad PVAZ} 50% s-diad
PVAol H]8to] hydrogen bond& FAHAE & U= 71371 oIS &7 d&Ed EAAE
Eol AZ & EHAAN JEUE d4olga HA & 4 9o

S-diad®] & &o] e TEA AAL Inter
molecular®] hydrogen bonding®] £°)3l1
isotacticityg® ®el 7HA 3 AE IEA ARL
intra molecular hydrogen bonding©] & o]3s}t}.
o] A& Figure 29| el

50% s-diad PVAol Wl X oigt
lattice parameter, volume Z2]al total energy
#e Tezz ek (Figure 3, 4) lattice Figure 2. Intramolecular hydrogen
parameter 2 volume #e SE7F 5l bonding(dotted line) and
we Zrlsts 242 HYT total energy o intermolecular hydrogen
A MAE ZASE e 2 & qnh emd bonding(dashed line)

A et BAEEol AdFoz Ewd R celltd] ¢Elo] AXNEA celld] F-3
v AxHoz FrtE. ol#d ZAIE TakahashiZl x-rayd o ZHE Aikd
datast A9 Bl H . o] AL PCFF force field®] A AL FHse Aol

PVAZA Wi A7 @33 APHUA A57x] B2 #A3AEo] x-ray
dataZ 3-8 AE AA GHEAd T T YIEZ Bo] o B AFdAE
50%s-diad$} 65%diad PVAS] theld MM MDE A 3ste 4L FHFrndod ois
o 2o W AHVHES SHIYh

Figure 5& R, 50% s-diad PVAT ZA G &°] 120CZHA F43] a3t
RARE 65% s-diad PVAE 120ColdolAE & WaE Bolx gt oJRAL M.
Nagura’} x-ray data2 %8 9 Az} o).

4. 2 E

PVAZ A9 7} lattice parameters 22 i B4 E 52 s-diad %9 QIS &
o] o s-diad’} B24F A7} hydrogen bonding®] B1S & AP AAo)
']‘91‘ ;é}f packmgﬂﬂ‘ﬂ] a——’}*} ‘?}r'\% ‘:H;i']oi QO}X]J_ b“u‘\_ ao‘]]’h:]' a8a 4
AR E 92 s-diade] &ZF9 F&Fe ®o] @or 50% s-diad PVAZA L 120T
X ARBYBo) AN FAFEr 1 Hl3te] 659 s-diad PVAE Ao W= ekt
o] @4 Ad #F dX3E A4t wadAM PCFF force field7t PVAZA
simulation] =}-$ A8l h- bondmgE 7R QE RE nEAY Z olg" F
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Figure 3. Temperature dependence of the unit cell parameters
and volume of atactic poly(vinyl alcohol).
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Figure 5. Temperature dependence
of the Young’'s modulus of PVA.
circle! 60% s-diad PVA
squre: 50% s-diad PVA

Figure 4. Temperature dependence of

the total energy of poly(vinyl alcohol)
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