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2 of: Poly(ethylene terephthalate) (PET)$} ol~®l2719] F§hiato] v el poly(p-
phenylene succinate) (PPSc)¢] 625 v|As 378 Y43} 409} =AM 9] nHdA4dE9
%73& %l ZAst PPScel g3A4e PETET A 9stedl  phenol/1,1,2,2-
tetrachloroethane (TCE) (6/4 w/w)¢} phenol/TCE (4/6 w/w)& PPSce] %Lujolgtt.
Dichloroacetic acid, m-cresol/TCE (5/5 w/w), phenol/1,2-dichloroethane (7/3 w/w), 12
3 phenol/m-cresol (5/5 w/w)dlA 2R PPSce] 425 8.7~60 Ce HHd Agon o]
¥ 0e=oA ZAH PPScel K, @& 29~335x107*(dL/g)olUn AArd AFHF a7y
((<7r2>/M)=)& 1.10~1.2201Uth PET9 K, gtol 22~25x107*(dL/g)d& =g o
PPSc7t PETRT o 23 U & Ytch

ABSTRACT: 6 condition and unperturbed dimension of poly(p-phenylene succinate) (PPSc)
having the inversed ester group with respect to poly(ethylene terephthalate) (PET) were
evaluated from the intrinsic viscosity measurement. PPSc had a lower solubility than PET
and phenol/1,1,2,2-tetrachloroethane (TCE) (6/4 w/w) and phenol/TCE (4/6 w/w) were good
solvents for PPSc. § temperatures determined from polymer solutions in dichloroacetic acid,
m-cresol/ TCE (5/5 w/w), phenol/ 1,2-dichloroethane (7/3 w/w), and phenol/m-cresol (5/5
w/w) were in the range of 9~60 C. The K, values of PPSc were in the range of 29~ 34 x
107* (dL/g) and calculated mean-square dimension ratios ((< #,2>/M).) were in the range of
1.10~1.22 under 6 condition. Considering that the K, values of PET reported are in the range
of 22~25x10"* (dL/g), PPSc has a more rigid chain conformation than PET.
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FR3 FABAT. EAAg £Ee 9% A4, ¢
©7] Ao 229 chloroform, benzyl alcohol® ¢
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Table 1. Solvents for the Intrinsic Viscosity Mea-
surement of PPSc

solvents code
phenol/1,1,2 2-tetrachloroethane (6/4 w/w) P/ TGE(6/4)
phenol/1,1,2.2-tetrachloroethane (4/6 w/w)  P/TCE(4/6)
dichloroacetic acid DCA
m-cresol/1,1,2,2-tetrachloroethane (5/5 w/w) C/TCE(5/5)

phenol/dichloroethane (7/3 w/w) P/DCE(7/3)
phenol/ m-cresol (5/5 w/w) P/C(5/5)
Table 2. Solubility Test of PPSc
solvent solubility®
1,1,2.2-tetrachloroethane - +)
nitrobenzene (+)Xp) (+Xg)
" dichloroacetic acid (+) (+)
m-cresol (+)Xp) (B
benzyl alcohol (+)Xp) (+)g
dimethylformamide (+)Xp (+)p)
phenol +) (+)
1,1,1,3,3,3- hexafluoroisopropanol + +
trifluoroacetic acid - +
7 - soluble, — - insoluble, (+):soluble at high temperature,

(+)g): gelation at 25 'C after dissolution at high temperature,
(+Xp) : precipitation at 25 'C after dissolution at high tempera-
ture.

Zgro}, PPScel A9+ TCE/m-cresole} ¥3u|
7} 4/6~6/4%0 B9 gl M e &3 3HA ¥AHY &
satriats 24417 Folls Ado] WA wa}
N AHoz o fujd i gado] PETEG
ozl Aoz veht PPScE {8471 £uliAl
+ PETHT} #Hith

DMl EXjzinte|l A Table 32 P/
TCE (6/4), P/TCE (4/6), DCA, C/TCE (5/5),
P/DCE (7/3) 28]a P/C (5/5)¢] Al 714 &}
2 o4& 25, 30, 35, 221 40 ColM &4 7}x &
2teke] PPScoll st 23 n{Hd =] Aol
t}. C/TCE (5/5) 28li P/C(5/5)9 A% 25T
A AE fafjAde] WoiA of7te] FHe] Ao EH
AT Z40] 7t PR deA %
SR BAEre] digxele A FdBANL F
Aystasd dEA o2 Fig. 19 A4 71x fulz2
30 ColA &A% s =A8IY . Fig. 19z 3
AoA 7 2 AYsta slEd o] BAldA ol MH
Aol A& K9 A% aghg T3
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Table 3. Intrinsic Viscosities of Fractionated
PPSc at Various Temperatures

= temperature ('C)

174
solvent " T35 30 35 40

21000 0517 0498 0488 0.459
14800 0.422 0412 0407 0377
12800 0.391 0381 0372 0.340
9100 0321 0309 0308 0.297
8400 0299 0275 0265 0.249
7400 0286 0274 0276 0.248

21000 0562 0553 0535 0.500
14800 0460 0442 0424 0410
12800 0421 0415 0393 0381
9100 0338 0334 0321 0304
8400 0322 0314 0302 0283
7400 0310 0294 0281 0.270

21000 0391 0381 0367 0.354
14800 0.305 0253 0280 0273
12800 0276 0267 0255 0.248

P/TCE(6/4)

P/TCE(4/6)

DCA 9100 0231 0226 0212 0204
8400 0218 0210 0193 0.184
7400 0209 0201 0180 0173
21000 0593 0518 0.498
14800 0446 0437 0.420
12800 0418 0400 0.385
C/TCEG/S) 9109 0354 0345 0333
8400 0333 0320 0300
7400 0302 0295 0287
21000 0498 0435 0415
14800 0443 0390 0.365
12800 0385 0.331 0.323
P/DCE(T/3) “5100 0330 0300 0281
8400 0320 0270 0261
7400 0313 0258 0244
21000 0346 0381 0.403
14800 0299 0325 0.341
12800 0254 0275 0295
PO 5100 0175 0212 0227
8400 0164 0180 0206
7400 0146 0170 0.207
[2]= K M* (2)

a7l A% Kot A5 agke 3ol nEAe &
#, 34 &%, 223 oo &S goz 4o

#2/o0f A23¢ A3z 19999 5¥¢

1.2

In{n]

O PITCE(6/4)
® PITCE(4/6)
16 0 DCA
W C/TCE(S/5)
A PDCE(7A)
A PIC(5/5)
-2.0 1
8.5 9.0 9.5 10.0 105

In Ma
Figure 1. Intrinsic viscosity-molecular weight rela-
tionship of PPSc in various solvents at 30 €.

Table 4. Mark-Houwink Constants of PPSc in
Several Solvents

temperature (C)

3 30 3% )
Kx10°  Kx10*  Kx10°  Kx10°
@ * dup * Wi * g °
P/TCE(6/4) 166 058 124 060 134 059 118 060
P/TCE(4/6) 116 062 13t 061 119 061 120 06!

DCA 096 060 088 061 060 064 039 068

solvent

C/TCE(5/5) 262 054 270 053 253 052
P/DCE(7/3) 463 047 310 050 268 051
P/C{5/5) 006 088 012 08 028 073

He] AL A aghe 0.5~0.89 g 719 723
He] A S olunt E ge ZA "l £ dFdMEe
Ad Eae wdr] 3 3l AFPsens
2E 2AHE YA 2239 oulE Ado.
Table 49fl= AR 7}x] 8ulie} o %0 disiA 2
B9 MH4 9 4+ Ko AT agg FTHAAM et
WelEd, C/TCE (5/5)%F P/DCE (7/3)¢] A4
agko] 0.59] A= Ao Ko} PPScr} ol &
d FAA G ke AAuEE FHala UAe
Aoz HAt} Table 5ol vwE $3id E3d
Al ZAVg PET] MH29] 34 Kof 2+ aghe
el e} % Table 4, 59 A#E o]&3loq g
259 gujAoA PET} PPScel n{4H4%7} 2
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Table 5. Mark-Houwink Constants for PET in
Several Solvents

temperature (C)
25 35 ) 40
Kx103 Kx10° Kx10°
d/g * W/g ? (dL/g)

solvent
a

P/TCE(6/4) 037 073
P/TCE(4/6) 140 064 125 065
DCA 40 05

& o zizte] M, & AN B PETe &a3ko]
PPSce] #xj2kof ujsled 433 A ol o]
Apdois 4dAe] PETe vid%¥ 377t PPSco] A
B AN & #3823 (hydrodynamic vol-
ume) & z= A9}, guiel PET Alo]o] A4uzg
o] guje} PPScete] 453 gHrt S48l o &
4288y g 2 He 498 238 £ o
ol& ¥3l7] ¢lsiM= PPScel Hi4F 271§ 4¥
Hoz ZAAso} v Al 4ERE AUAE
A deart dd.

IFHAMTe 25 EHN. %7t F718hEA
<rI2>/M gol Zadhe A& 227t EE7HAA A}
£o] @ A= Wz Eaple AZN} S5
s AL oot £xd] 2§ PARNA oo o
§ gare ool AolA BE ulg} go) <r>/M
7} (1/2—x)ll E&cpM :

@—a* =271V (27)¥?V,N,] X

(<r,2>/MY¥¥(1/2— ) M''? 3)

A7l Ve nEAe vHFHo|:, V,& &ule
E BExojo], N,& AvogadroFoli, y= &= T
oA nEA-Lu AEFgA oIt oo PlHE
259 GEL <y 2>/MF (1/2—x)d 3 Re
2, 99ty AL < I>/ME 257t FUHePEA
MAE] Zagich. PETe 28345 &5 o&EA
2 A3e F4E AYUE 48202 FEA9) v
=8 & fdda 4ol e v ExEd
e @Ak 433 A Yoot Fig. 2&
g5 71 Sofldlq F3 ¥ PPSc ZfdAdxEe] o
29} xolo] WAE BoFa e FHATA s
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PITCE(6/4)
PITCE(4/6)
DCA

CITCE(S/S)
PIDCE(7/3)
PIC(SI5)

»om0O0

In[n]

20 25 30 35 40 45

Temperature { °C)

Figure 2. Temperature dependance of intrinsic vis-
cosity of PPSc in various solvents.

2 AYsta gtk o] A4 718714 PPSe (M, ;
21000)e] AR &% 9EX(d In[7)/dT)
& 89t} (Table 6). P/C(5/5)& A&g yn
A gujoAyE g9 &% oEAL HAFm Y=
dl, elRA& P/C(5/5)%o] PPScel #gujyg 9
ol gtc}, ¥liE $)5te] Table 79 oA AR
PETe nfdA4Ee &5 &EHE Jehid®
Table 6 7} 7¢] A7& v|ws] ¥A PPSce] 1§34
A45E PETHG 2% o&Ae] & Aog Yehg
o} ole gulel nExle] FHEHo] F n¥Aje| o
s} wls=sltid PPScr} PETREU o A% ks
Qg vl

Stockmayer-Fixman Z%. ¥A: £3& & ¥
it ol HRoz BAe vAF IAVE F
she A& 27 FAY Alze] FolA W wjA 23
HE FAY £ A doke A sxsn 9

ans
th. &, 48y vegofelA o8] Exjgkd digh
IFEAEE FHT £ 2AFE 0oz o4

HAE 3718 AN + A Bk ol=@ Bl
AW 4oz of A7 AP oklst 2
& SF #o] 2 o|g5n ek”

[92)/M'*= K, + 051 @, BM'? 4)
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Table 6. Temperature Coefficients of Intrinsic
Viscosity of PPSc (M,=21000) in Several Solvents

solvent (dIn[n1/dT)*x10%(deg™)
P/TCE(6/4) 0.752
P/TCE(4/6) 0.757
DCA 0.672
C/TCE(5/5) 0.786
P/DCE(7/3) 0.182
P/C(5/5) -0.154

Table 7. Temperature Coefficients of Intrinsic
Viscosity of PET in Several Solvents

solvent M, -(d In[71/dT) % 10% (deg™)
38000 0.297
P/TCE(4/6) 26000 0.297
‘ 15000 0.467
38000 0.296
DCA 26000 0.154
15000 0.607

Ko = 0,(<r,>/M)*? (5)

A7 ML A=, Be 8¢t nExe] 45%
£ WAE Jehli= gold, 0, dFoz BEA
o 85l Flory d4elth. K, @& v4dF 2719
&g vehllE o2 4 (5)& oj&3d i A}
&9 AFFTE LY A (<, >)E ALY = A
A "t

PPScel K, @& 73P7] SisiA A 714 SuljalA
237 IRHAEE o]4 SF E£& 3i4d. SF 4
oAlA M2l 04 w9 [7]1/M'? & K, (dL/g)
7b ok nEA ARl AFHE TG A 4
(5)ell Jebd AXNH Flory 35 (@)l wetA o
2/ A=A £ el o] dFdME 4 EAlg
+4¥E ANEEY A EAxr dR3HA gd
Wz diy x5 2de] Ao FHLIH:
Yamakawaz} 33 gto 2 Rjehg 2.5x102& o] 4
3 Fig. 3& o] AFdA Yol dEFQ
SF Ex2.2 30 CAlA oA 714 LuiFdA &3
¥ IFAAEE o83l 2d Hojd. A gl
At HH WAV F e len S wat
A g K, @l 2ozt o]lgxqez uixlY H|

#2|of A12338 A% 19994 5€¢

4
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Figure 3. Stockmayer-Fixman plots for PPSc in vari-
ous solvents at 30 C.

A% 27)E §o0s] FF0l SYHololo} sy 4
A4 YPAAAAE Sole] Saiel My e
A Ul A Qubaolg 82

0 2% 3 K,atel 2H. PPScq] K,3te d33
7] ASAE gaelel BAel Agselol Bt G2
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B=2V2(1/2 — x)/ NV, (6)
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PITCE(6/4)
PITCE(4/6)
bCA
C/TCE(5/5)
P/IDCE(713)
PIC(5/5)

15

>RGO

10

B(x107)

10 20 30 40 50 80
Temperature ( °C)

Figure 4. Polymer-solvent interaction parameters
(B) of PPSc as a function of temperature in various
solvents.

Table 8. 8 Conditions of PPSc Obtained from the
Stockmayer-Fixman Plot and Interpolation for a
=1/2

Otemp- Kox10*
method  solvent 2Ny gy (7 M
DCA 9.0 29.0 1.104
C/TCE(5/5) 520 314 1.164
P/DCE(7/3) 295 320 1.179
P/C(5/5) 59.6 335 1215

DCA 865 29.0 1.104

Interpolation C/TCE(5/5)  55.6 317 1.158
for a=1/2 P/DCE(7/3) 320 290 1.104
P/C(5/5) 56.4 3L7 1172

Stockmayer
-Fixman
plot

a9l &% oYL HdF1 Jed FHWAC F
A8 Aot HZE A3 o] WEo= AAYH ¢
=% Table 89 Yeplidch 5 714 wge] <3
A ) gojlof] didle 2FE dL=e AY v 3k
& 29F3 Yot @A o|Al PPSce] K ge 2
38 4+ A =Hd=dl Fig. 69 Wl 714 8ufo] of
el R9HA K,gke) L5 4EHE Uz 9
th. PPSce] K, & UM 78 25449 K,
gz ZAAHAG of #;E 4 (5)d diY3A
PPSce] AlF## 37)Y] (mean-square dimension
ratio)[(<7,2>/M) 1= AAHE 5= 2t} (Table 8).

390

PTCE(6/4)
PITCE(4/6)
DCA
CITCE(5/5)
PIDCE(7/3)
PIC(5/5)

| >3 _RwN NO]

Temperature { °C)

Figure 5. The exponent a values of the Mark-
Houwink equation as a function of temperature in var-
ious solvents.

50
o temp (Ks vaus) VDCA
» temp {Ks value) VC/T
& temp (Ks vaue) V P/DCE
A temp (Ks valus) VP/C
40 —— Plot Regr

Ko

0 1 ! 1 ! !
0 10 20 30 40 50 60

Temperature { °C )
Figure 6. Unperturbed dimensions of PPSc as a func-
tion of temperature in various solvents.

ZA¥ PPSce] K, 29~34x107(dL/g)9} ¥
Aol JQon AFHF /¥ 1.10~1.22¢ ¥
Hol 212l Table 99l& A3 AFAEo] AR
¥& PETY K, @3 0,=25x10%02 Fof Ait
g AFFE A7vE vmE Y8 2Alse] et
WAch®* Flory: PETS K, gt& 28~30x10™
(dL/g) BA=e] HHZE T Reo] gt Bu
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Table 9. Data of Unperturbed Dimension of
PET

x10*
solvent temperature Ko (<> JM)e

() (dL/g)
P/TCE(1/1 v/v) 25 16.0 0.743
o-chlorophenol 25 210 0.890
triflouroacetic acid 30 242 0.979

DCA/cyclohexane (6/4 v/v) 25 22.0 0918
P/TCE (4/6 w/w) 25 22.0 0.918

ol ulgo PETS X Pelo] §AH A¥E 3
£, oi¥o WEuE o8 dYo2RE olr
o @& 22~25x107(dL/g) A= B9 K, @
o] Bust. ol A& AY PETY K, grd
A3sl Ze gloloh. PET9} PPSce] Hl4E 2718
vz of, PPSc7t PETRT o & K, @& 22
Aed ole B EAFe B¢ PPSce Akt ¥
gAE7} PETY Ak&3t ¥aAz|lig o doe A
& oudtt. K, kol 23T olfs} 2 wA4
A PAl BAF (M) = ALE 5 s PPSc
o] M& 2000~1500 HHA oz A=A

K, M)/ =13 )

flst o] PPSce] K, gtol 2R Eo2A 1{H
el & 7S PPScel £x130o] PETe| £z}
B 3A Jegs ol AHAEE &+ W HAG
%, 78 PPScel ¥4F =7l PETe Hlsid
aAg, 48 ol di¢ A= §3 29 2/F
Ae7t FA o= Ae PPScel Ex17t A5 &4
go] PET &7t 454 u z7] gffog B
oln] S HrlQMT o]} UXF= AHE BN
ot Az Fo] M8 A7dA’ 7% PPSce] g
(4 Hpol PET9] g3 Q] vidld ot 2A Yste
¢ AKda} oo} PPSco & §49 ol&E
Ause 2xE f4dn.

g4 £
AR 1A &ulE o] il 7 e LM &

243 29 PPSce) L{YAES 243k MHA
o 4% K A% aghe T8 PPSc] 143

#2jo] A23W A3% 19999 59

A PETRY 2% oEAo| & Aoz Yeigte
o P/TCE (6/4)8} P/TCE (4/6)& PPSce] %%
jele ekt DCA, C/TCE (5/5), P/DCE (7/
3), 22lz P/C (5/5)°A Z73® PPSce 6=+
9~60 'co Weldl AU} &=l ZAE PPSc
9 K, gh& 29~34x107* (dL/g)9] MHld v
AR AFHFE Z7)u2E 1.10~1.229] HSjol
t}. wald PPScr} 22~25x107(dL/g) 3= H
919 K,3t& zE= PETHO O & K 3t& 23 o
o] PPSc7} PETEY of Z3¥ Ade 4ottt ol9
Azel S oA PPSce] #A 43348
o| PET #A17t 4xag8nrt & Aoz Yepdrh
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