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Summary 

A random aromatic copolyester was prepared from 1:1:1 molar ratio of 

p-hydroxybenzoic acid, hydroquinone and isophthalic acid. The properties of 

the polymer were compared with those of the polymer prepared from 4-hydroxy- 

phenyl-4'-hydroxybenzoate and isophthalic acid. These two copolyesters have 

different monomer sequences, but the same overall compositions. It was found 

that the latter exhibits much higher melting point and also higher degree of 

crystallinity than the former. Noreover, their crystal structures seem to 
be quite different. Both of them are thermotropic. 

Introduct ion 

The monomer sequence is a very important factor in controlling the 

properties of copolymers. There are few studies reporting on the structure- 

property relationship of copolyesters that have different monomer sequences 

but of the same overall monomer compositions. Yhile ve were studying the 
properties of a series of thermotropic aromatic copolyesters(1-3), we made 

the interesting observation of a very strong dependence on monomer sequence 
of the crystal structure and thermal properties. 

In this study, the sturctural characteristics of a random copolyester 
(sR-IPA 50) prepared from 1:1:1 molar ratio of p-hydroxybenzoic acid(HBA), 

hydroquinone(HQ) and isophthalic acid(IPA) are compared with those of the 

polymer(sO-IP^ 50) prepared from 4-hydroxyphenyl-4'-hydroxybenzoate and IPA. 
Since the dimeric diol monomer, 4-hydroxyphenyl-4'-hydroxybenzoate, is not 

symmetrical, the resulting polymer does not have a strictly ordered monomer 

sequence. The carboxylate can be reversed and, therefore, three different 

triad sequence of HQ-IPA-HBA, HQ-IPA-HQ, and HBA-IPA-HBA can be considered. 
But IPA is every third unit and no two or more consecutive HBA units appear 

along the chain. A solution polymerzation method(4-6) was adopted to 
synthesize the copolyesters either with a defined order of monomer sequence 
(refer to the synthetic scheme shown below) or a random monomer sequence. 

The crystalline structure of the copolyesters prepared were examined 
by X-ray diffractometry and thermal properties by differential scanning 
calorimetry(DSC). 

* To whom offprint requests should be sent 
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diphenylchlorophosph at e 

> sO-IPA 50 

Experimental Section 

Synthesis of 4-Hydroxyphenyl-4'-carbethoxybenzoate(7) 

A 4-neck f l a s k  was purged with N ~ ,  in to  which t h i o n y l  c h l o r i d e ( 1 8 . 2 4  
ml, 0.250mole) was charged and cooled to 0 ~ - 5 ~  with s t i r r i n g .  P y r i d i n e  
(80.13 ml, 1.00 mole) was added dropv ise  and the mixture was held a t  0 - 5 ~  
for  30 minutes ,  p-Carbethoxybenzoic  ac id (50 .04  g, 0.24 mole) d i s so l ve d  in 
150ml p y r i d i n e  was added dropv ise  i n to  the p y r i d i n e / t h i o n y l  c h l o r i d e  mixture  
over a pe r iod  of 60 minutes .  In a d i f f e r e n t  f l a s k  hydroquinone(79.28 g, 
0.72 mole) was d i s s o l v e d  in 200 nl  of p y r i d i n e  and 300 s l  of 1 , 2 - d i c h l o r o -  
e thane .  To t h i s  s o l u t i o n  a t  room tempera ture  was added dropvise  the above 
prepared p -ca rbe thoxybenzo ic  ac id  s o l u t i o n  in the t h i o n y l  c h l o r i d e / p y r i d i n e  
mix ture .  The mixture  was allowed to  s t and  ove rn igh t .  I t  then was evaporated 
to d ryness  in a r o t a t o r y  evapora tor  and washed with d i s t i l l e d  water and 
a f t e rwards  with a d i l u t e  NaHCO ~ s o l u t i o n .  F i n a l l y ,  the product  was washed 
with d i s t i l l e d  water s eve ra l  t imes .  The r e s u l t i n g  product  was r e c r y s t s l l i z e d  
from a wa te r / ace tone  mixed s o l v e n t  ( y i e l d ,  66 ~ ; mel t ing  p o i n t ,  1 3 4 . 5 ~ ) .  

Synthesis of 4-Hydroxyphenyl-4'-hydroxybenzoate 

The above prepared 4-hydroxyphenyl-4'-carbethoxybenzoate(75.O5 g, 0.25 

mole) was dissolved in 700 ml of dimethylformamide. A separately prepared 

NaOH solution(20.0 g dissolved in 200 ml of water) was added to the above 

solution over a period of 3 hours at room temperature. The reaction was 

allowed to continue at this temperature for 1 hour. Then the reaction 

mixture was acidified wlth 1N HCI and the crude product was collected on s 
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f i l t e r .  The product  yes washed with d i s t i l l e d  water and r e c r y s t a l l i z e d  from 
an e t h a n o l / w a t e r  mixture  ( y i e l d ,  31Z; me l t ing  p o i n t ,  2 8 2 . 5 ~ ) ( 8 ) .  Elemental  
Ana lys i s ,  Cacu la ted ;  C,68.57;  H,4.03 Z. Observed; C,68.63;  H,4.10 Z. 

Polymer Preparation 

A s o l u t i o n  of i s o p h t h a l i c  ac id (16 .610  g, 0.100 mole) d i s s o l v e d  in 100 
xl of dry p y r i d i n e  was placed in a 3-neck f l a s k  which had been purged with 
H 2 .  To the  s o l u t i o n  d ipheny lch lo rophospha te (53 .89  x l ,  0.260 mole ) and 
100 xl  of  1 , 1 , 2 , 2 - t e t r a c h l o r o e t h a n e  were added and heated to lOOqC. The 
r e a c t i o n  was al lowed to  proceed a t  t h i s  t empera ture  fo r  40 minutes .  In a 
s e p a r a t e  f l a s k ,  4 -hydroxypheny l -4 ' -hydroxybenzoa te (23 .022  g, 0.100 mole) 
was d i s s o l v e d  in 60 ml of p y r i d i n e  a t  room tempera ture  and the s o l u t i o n  
yes added d ropv i se  to the  above i s o p h t h a l i c  ac id  s o l u t i o n  over a per iod  
of 5 minutes .  The r e a c t i o n  was proceeded for  3 hours a t  107q~. The 
r e a c t i o n  mixture  then yes cooled to room tempera tu re .  The p r e c i p i t a t e  
(sO-IPA 50) was c o l l e c t e d  on a f i l t e r ,  washed f i r s t  with methanol and 
then with d i s t i l l e d  wa te r (7 ) .  The p r e p a r a t i o n  procedures  of the  random 
copo lyes te r ( sR- IPA 50) and the  two homopolymers, poly(p-oxybenzoate)(PHBA) 
and p o l y ( p - p h e n y l e n e i s o p h t h a l a t e ) ( P H I ) ,  were the  same as the  one desc r ibed  
above. 

C h a r a c t e r i z a t i o n  

S o l u t i o n  v i s c o s i t i e s  were measured a t  30~  us ing  a Cannon-Obbelohde 
v iscometer  on a 0.1 g/lO0 ml s o l u t i o n  in a p - c h l o r o p h e n o l / p e n t a f l u o r o p h e n o l /  
ch lo ro fo rm(3 :3 :4  by volume) mix ture .  Thermal t r a n s i t i o n s  were s t u d i e d  under 
a N2 atmosphere on a DSC(Perkin-Elxer)  i n s t rumen t  a t  a he a t i ng  r a t e  of 1 0 ~ /  
min. Opt ica l  t e x t u r e s  of the  mel ts  or quenched mel ts  and thermal  behavior  
were examined on the h o t - s t a g e  ( H e t t l e r  FP-5) of a p o l a r i z i n g  microscope 
(Le i tz ,  Or thop lan) .  X-Ray a n a l y s i s  of the  polymer samples were made a t  room 
tempera ture  on a d i f f r a c t o x e t e r  (D-HAX II IB,  Rigaku) in powder form. Hi- 
f i l t e r e d  CuKa r a d i t i o n  was employed as a r a d i t i o n  source .  

Results and Discussion 

Table 1 compares the  genera l  p r o p e r t i e s  of the polymers under  d i s c u s s i o n .  
The Tm and the degree of crystallinity of the sO-IPA 50 copolyester are 
significantly higher than those of the sR-IPA 50 copolyester. Both of 
sR-IPA 50 and sO-IPA 50 were found to be thermotropic, nematic by their 
schlieren textures observed on a polarizing microscope. Figure 1 shows the 
X-ray dlffractograms of homopolymers and copolymers derived from isophthalic 
acid, hydroquinone and p-hydroxybenzoic acid. The diffractograx of the 
ordered sequence polymer(sO-IPA50) is quite different from that of random 
copolymer(sR-IPA 50). 
Surprisingly, the former is very similar to that of poly(oxy-l,4-benzoyl) 
(PHBA). The diffractograx of the random copolymer, however, is not much 
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Table 1. Comparison of the properties of polyesters 

polyes ter  n (inh) Tg Tm Liquid 
d ~ /g  ~2 ~ C r y s t a l l i n i t y  

Crystallinity 

sR-IPA 50 0.56 125 256 Nelatic 19 

sO-IPA 50 0,21 95 316 Hematic 30 

PHI 0 .41  - 297 Ho 32 

PHBA 0 .45  329 Deco lpose  b e f o r e m e ] t i n g  40 

different from that of poly(p-phenyleneisophthalate)(PHl) with the exception 

of the weak diffraction peaks at 20of about 20 ~ and 24 ~ . These two peaks 

appear to be reninicence of PHBA crystal structure. 

The d-spacings obtained by X-ray analysis are sumnerized in Table 2. 

It is not possible to characterize the exact crystal structure with the 

diffraction informations available to us. It can, however, still be pointed 

out that the random copolymer has a more Colplex X-ray diffraction pattern 

and its d-spacings are different from those of ordered sequence one. In 

particular, the ordered sequence polymer has nearly the same d-spacings as 

those of PHBA(see Figure land Table 2). The d-spacing of PHBA obtained by us 

are practically the same as those observed by Economy et al.(9). 

It is rather surprising to find that the copolyester(sO-IPA 50) vith a 

mixed monomer sequence of HBA-IPA-HQ, HBA-IPA-HBA and HQ-IPA-HQ appears to 

have the same or allost same crystal structure as PHBA vhich has the 
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Figure 1. X-ray diffracograms of homo- and copolymers from IPA, 

IlQ and HBA. 
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Table 2. d-Spacings of copolyesters 

d-spacings 
polymer 

strong (4) medium (A) weak (A) 

PHBA 4.5  5 .2  8 .4  
3.8 2.6 
3.2 2.3 

2.1 
sO-IPA 50 4.5 5.1 8.4 

3.8 2.6 
3.1 2.3 

2.1 
sR-IPA 50 5.6 4.9 3.7 

3.9 4.5 3.5 
3.2 

PHI 5.6 5.0 6.8 
3.9 3.4 3.1 

3.2 

sequence of HBA-HBA-HBA. Onfortunately, we are not yet able to analyzeIH - 
and13C - NHR spectra of the copolyesters to extract quantitative information 

on the monomer sequence in sR-IPA 50 and sO-IPA 50. 
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