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2 o FAdASAUOIE (PPSe) o] Z+ Aol §43 713 & 4¥3ez 239 PPScq
B AE 271 (K)E vigoz ZFsAc. 23" 843 7F e r=1, 0,=14, ¢,=14 17
1 w, =010t} o] 745X & ©| &3t PPSc §&419] ExdlA YHPehe] Wlo] &% A
239 A (4SS 8 AT W (4 E,)281 PPSc AbEe] H|4E Fvle] 2=
EAE Astdot. ARY 4SS, PETS PPSc7t & atoj7t Qiglen] 4 E, = PET7/H &
9] gk&, PPSc7}t &9 3t& 7HAch % 8lAdF 37le 2% &AL PETE 29 3¢ #ed
¥rste] PPSce] 4 &9 g 2

ABSTRACT: The statistical weight parameters of poly(p-phenylene succinate) (PPSc) were
determined by the best fit of K, which was determined by experiment, and found to be r=1,
0,=14, g,=14 and @, =0.1. The change of conformational entropy (4 S.q) and enthalpy
(4 E_,p) of fusion, and the temperature dependence of unperturbed dimension of PPSc were
calculated. Even though 4 S, of poly(ethylene terephthalate) (PET) and PPSc were close to
each other, the 4 E,; of PET was prsitive but that of PPSc was negative. For the tempera-
ture dependence of unperturbed dimension, PET showed positive value contrary to negative
value for PPSc. :

Keywords: poly(p-phenylene succinate) (PFSc), unperturbed dimension, conformational statis-

tics, conformational entropy and energy of fusion, temperature dependence of un-
perturbed dimension.
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g 47 A=t waslo] A8 PPSc A=
RIS 2d& o]f o|a§ #A 9 syo] 7b5itd o]
€ AsiXe PPSc 4 Zee $43 715N 23
o] M#jsjolo} Frh. My ATFA! Y¥Hez 2
A" PPScel ¥]Ad% a7]E RIS 2] 9%t £4
3 Aejol Wad FH=2 PPSc W] # A9 §
AY 7HEAE AR 8% YRS olgE &
ot ‘

o] AFoMs PPScel HI4E =ZVE uigoz
PPSc wtEd9iie] 2 Afe] EAA 75AE 2
Hetgen] olg ol&so] PPSce &84 ¥AY
A Heje] ¥zl oJF ez} dgnlel wiy
a2z H4F Z27]9 2% EHE FIln 2E¥EH
o} vlu st

4 #

PPSce 7= ZXM. PPSce] dMsele] B¢ &
T& f8ids AA PPSce] T2 Uiy AYT 3
BE vigto 2 stojo} gt & AF|4 PPScel 7
Aol Zojst A¥FL FAR 2HE HAE B2
o] 2733 ¥4 #AAE FY H@sld 2RsA
Table 1o PPSce} fAM AgHe 7IRIE £2)

534

Table 1. Crystallographic Data for PPSc

source ¢
1) 2) 3) 4 5 6 7

bond lengths (&)

Cy2-02 1.41 1.40 1.40 1.41 141
02-C3 1.36 1.36 1.36 1.36 1.35
C3-C4 1.50 1.49 1.50 1.50 1.49
C4-C5 1.51 152 153
bond angles (deg)
C2-02-C3 62 63 62 63 64 67

02-C3-C4 70 69 69 69 68 67

C3-C4-C5 68 67 66
@ Crystal structure molecules: 1) dipheny! succinate, 2) 2-
acetoxy-6-methyl-benzoic acid, 3) 2-acetoxy-3-methylbenzoic
acid, 4) 9-acetoxy-10-(4-acetoxyphenyl) anthracene, 5)
phenylbenzoate, 6) poly(ethylene succinate), 7) poly(trimethyl
succinate). ® Carbon of benzene.
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Table 2. Structural Data of PPSc
bond length (A)

bond angle (deg)

Ic*-o=1,=103=136 6,=6,=63
Ic*—c=1{=1=150 8,=0=69
lc—c=153 04=05=68
le—H=1.09 x—~<«CCH=T1
Ic*=0=1.19 x— £0C0=56
C*: Carbony! carbon.
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Figure 1. The repeat unit of poly(p-phenylene succi-

nate). Atoms are numbered in serial order within a
unit and statistical weights are indicated.
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Table 3. Nonbonded Interactions

distance for

angle mtatt:d interacting {ntergrmp nearest atom stan.stml

gauch(120°)  group  distance (A) it (A) weight
first-order interactions

$u. ¥6 CO---CH, 290 254(0---H)  o,=14

s €O---0C 3.00

second-order interaction
$uds dsds’  CO-0 264 w, =01

2 Angle pair g+g- or g-g+.

27%0--0) 0,=1~15

1.8
15
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s |-
§ 12y ]
3
C
£
b+ 9
4
o
2 —_—c,=10
L q-12
= ——ocy=1
g 3+ "1=1'4
— cq=1.5
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Figure 2. Variation of mean square dimension ratio
as a function of statistical weight parameter o, .
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Figure 3. Mean square dimension ratios calculated as
a function of chain length for different values of statis-
tical weight parameter ¢, .
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Figure 4. Variation of mean square dimension ratio as a function of statistical weight parameters and bond

angle: (a) 7, (b) g, (c) w,, . and (d) 6,.
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Table 4. Coeificients Expressing Dependence of
Mean Square Dimension Ratio((<r’>,/M).) on
Various Statistical Weight Parameters and Bond
Angle Supplements

coefficient® value

(@ln R./dIn7) -0.0648

(@In R./dIna,) 0.1109

(@In R./31ng,) -0.5756

(@In R./dlnw,) -0.0940

(@In R./3In8)or (@1In R./3In 6;) -0.9833

(0In R./dIn6)or (dIn R./dIn )  0.6023
(@ln R./3In6,) or (0 In R./In 65) -1.7598
R, =(<r?> M),

= 9% 45,820 (4S5) 7t € e d¥H
o2 gojAm AGP (4S,). = EFo| Zoly 73
go] € o ¥ AXFE ] Wl T AEZT
o ¥iztz B3R & Ao o} ol 7P deiet
239 deoMe] de2v 9 2 Yeld + o

(4S)y=dSconi=S.— S 8
oA71M 5,9 S T3 e 2F e
dezyojct. TEAL 2R deiodlM BT UA
el AME FATGE S=002 Azt e
Z2ol & # U4
(Asu)v=dseonl = Sa (9)
£§ oA TE2 Aleo] dEZIE §4EH 9
B8 §q4dM e JdEZTY £ Aoz FHI
ot vlA4E Aol e 5] Al Al dER
ge] WsE gL 2L Yoz ¥ 5 U
ASeni=S.=R[ln Z+ T(dIn Z/dT)]
=R[InZ-XIn&@InZ/@n&)] (10)
714 &5 4 ERY 543 /EHolt. nAe
2% 998 7 A A B Ze
them o] 44 7159 UizRH 78 = 4.

Z=U Uy U, U, Jd (11)
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J=[i] (12)

EF {ALR Aoz Qe WS (JE)E A
Aol 753t

4dH,~ 4E,= AE, + (4E), (13)

A7l dH = gLz ol FASE &%
o ojgt Ruusiglel PAV, ge A7l FAYR F
A Axo|7] B JdH,~4ER ¥& & Ik
4Ex= 539 33l de s gy 8, (4E) .=
293 HojdA =g oo Aol sz A o}zl
2ol F% Aol vAY Juie AMYe AT
a2 Yepd 4 9drh.

(4E) =4 Eqon= E,— E; (14)
AE, w=E=RT?*(dIn Z/dT)
=RT[-2ZIn&@In Z/dIn§)] (15)

q71A E8t Exc vI13E deier 23 deloAe]
AAYeof ALgTo|t. ZPE Y AN He £
AUz E 002 7IRANA dE,~EZ $&
Ut

Table 5% Floryol® oJsiA 23@ PET A
7VE3 y=1, 0,=05, g,=15, 221 w,, =0.17}
o] AFoM AAHE PPScol EAHAH /1EXE ol&
3t A3 PETS} PPSce] 4S8 4E & B
oFn vt dg3zoez T PPSce &¢ JE
29 ¥ (4S,)= 48 a7 dezoz 243
3 Q8% PPSce] 38 (4 H,)% HEEHE (T
a1 PETY §sigds §He ad= olgsid 2
&R ofgie Aoz HE AMstgrh

4S,= 4H,/Ty (16)
d¥3ez 7 F 1A 4S,= A7k 9

Aon AL §8A9 4S.E E Fol7t gUT
ARE 4E,, 3k A9 PETE 9ol gte PPSce
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Table 5. Inter- and Intramolecular Contributions
to the Entropy and Enthalpy of Fusion of PPSc
and PET
T, A4S{exp) 85, 45 4H[(exn) AE 4Ene
mhymer Gk UK UKD U U Ul
PPSc 308 025 016 009 145 -122 1572
PET 211 02 015 0I0 140 88 1312
¢ 48,=4S,+ A Scons ® H, =4 Epgyeet 4 Eonr.

g9 g Bola Utk JE kol ¥ FSE E
o 92 U AP 2L ouisin
29 AeE B o duie MYz AR
g olu|dic. @etM PPSce ZA$E &L duA
o] ez ZRNYLE ¢ & Aot TEAY F
Ao M 2 cF WY AlETRE Had A
UXE e 9HE HEx, a, bFoze @A
o] 7hs% § &3 AYA EAL FI3IFLLE T
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Eolx A gt AAFHQ YA RolAle WPor ¥
stetA 2. 28892 (4 H)& 2 gAFE o
wzto) 2%t MY (4 Eon) T A 432 8E
(A En )8 o olFojxitt. welA whef PETS}
PPSc7t & Z§39e 7HA1 Uthd Table 59
N BE upe} o] 88+12.2=21.0(J/g) a9
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A E o7t 29 3t& 7HAD o] a2 ©F 4 E,.7t
AAA ==9 o]= PPScel g3ge] PETR =
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d& 2o|A "o} o]xF PPSce &AL 43 H&
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7 ulel dRstn ok wEbA FAF A
FAo] vinF B3P ez BPEn. Fig. 5& o,
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Figure 5. Variation of (a) conformational entropy and
(b) enthalpy of fusion of PPSc as a function of statisti-
cal weight parameter g, .
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Figure 6. Influence of statistical weight parameter o,
on the temperature dependence of PPSc unperturbed
dimension.

Table 6. Temperature Coefficients for Unper-
turbed Dimensions of PPSc and PET

polymer dIn<A>,/dT (x10%
PPSc -0.1052
PET 0.3086

arle &= o&A4& Jehitt. PETY %
a7le] &% EANL ¥9 g Zed PPSco 7
2= g9 gg et &, PETE 2571 g7y
AkEe] gdAdol ZAaso o 2 ¥yl o ¥
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