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FROM CONVENTIONAL TO LIQUID CRYSTALLINE 
POLYESTERS 

ERIKA HEMPEL, JrSRGEN LINDAU, UWE RUTZ, HARTMUT 
FISCHER, HERMANN UTSCHICK, FRANK KUSCHEL 
Mart  in-Luthe r - U n i v e r s i  t a t  Hal le-Wi t tenbe r g  , 
Sek t ion  Chemie, 4020 Ha l le ,  GDR 

Abs t rac t  To o b t a i n  l i q u i d  c r y s t a l l i n e  copoly-  
e s t e r s  w i t h  improved thermal behavior ,  p-acet-  
oxybenaoyloxy-benzoic a c i d  and a v a r i e t y  o f  d i -  
c a r b o x y l i c  a c i d s  de r i ved  from p-hydroxybenzoic 
a c i d  i n  combinat ion w i t h  a c e t y l a t e d  hydroquinone 
d e r i v a t i v e s  have been used as  poly(ethy1ene te re -  
ph the la te )  (PETP) mod i f i e rs .  The i n f l u e n c e  o f  t h e  
m o d i f i e r  s t r u c t u r e  on thermot rop ic  p r o p e r t i e s  o f  
the copo lyes ters  and r e s u l t s  of dynamic mechani- 
c a l  measurements a re  discussed. 

INTRODUCTION 

L i q u i d  c r y s t a l l i n e  (LC) main-chain copo lyes ters  a re  o f  

cons iderab le  i n t e r e s t  because o f  t h e i r  a p p l i c a t i o n s  i n  
h igh -s t reng th  ma te r ia l s .  LC-polyesters composed o f  
r i g i d ,  r o d - l i k e  mesogenic u n i t s  have t y p i c a l l y  m e l t i n g  

p o i n t s  i n  the temperature range where chemical  decom- 

p o s i t i o n  is beginning t o  be a problem f o r  any me l t  

p r o c e s s a b i l i t y .  To depress the m e l t i n g  p o i n t s  and t o  
i n t e r r u p t  the  c r y s t a l l i n e  o rde r ,  seve ra l  copolymeriza- 
t i o n  methods us ing  monomers w i t h  f l e x i b l e  spacers, 
b u l k y  s i d e  groups o r  bent comonomers a re  a v a i l a b l e .  
Fu r the r ,  i t  has been demonstrated t h a t  LC-behavior 
e x i s t s  i n  copolymers produced by the a c i d o l y s i s  reac- 

t i o n  o f  PETP and p-acetoxybenzoic a c i d  (PA8). T h i s  r e -  
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200/[980] E. HEMPEL e t  a l .  

a c t i o n  y i e l d s  L C - c o p o l y e s t e r s  w i t h  a n  e n h a n c e d  c o n t e n t  
of  p-oxybenzoa te  (POE3) u n i t s  a n d  improved  m e c h a n i c a l  
p r o p e r t i e s  w i t h  r e s p e c t  t o  p r o c e s s i n g  a n d  u s e  c o n d i -  
t i o n s .  To s t a b i l i z e  t h e  LC-behavior  o f  t h e  a c i d o l y s i s  
p r o d u c t s ,  w e  u s e d  p-acetoxybenzoyloxy-benzoic a c i d  
(PABB) i n s t e a d  of PAB. B u t  t h e  s p e c i m e n s  p r e p a r e d  w i t h  
more t h a n  60 mole-% PABB showed l i k e  PETP/PAB c o p o l y -  
es te rs  a h e t e r o g e n e o u s  morphology due  t o  t h e  e x i s t -  
e n c e  o f  a d i s p e r s e d  POB-rich phase .  I n  o r d e r  t o  s u p -  
p r e s s  t h e  f o r m a t i o n  of  PO6 b l o c k s ,  a v a r i e t y  of dicarb-  
o x y l i c  a c i d s  c o n t a i n i n g  f l e x i b l e  a l i p h a t i c  s p a c e r s  i n  
c o m b i n a t i o n  w i t h  a c e t y l a t e d  h y d r o q u i n o n e  d e r i v a t i v e s  
h a s  been  u s e d  as PETP m o d i f i e r s .  R o u t e s  f o r  PETP modi- 
f i c a t i o n  w i t h  mesogen ic  b u i l d i n g  u n i t s  M are  shown i n  
t h e  f o l l o w i n g  scheme.  

...-... + n ---c ...-.., 
P E P  M LC-Polyester 

PETP: .-.-OC 0 COO-CHZ-CHZ-O-... 

M :  CH3CO0 COOH ( J a c k s o n ,  Kuhfuss11976 1 

CHICOO 0 COO a COOH 

HOOC 0 O-(CH2l,-O COOH + CH3COO 0 OOCCH3 

+ CH3COO 0 COO 0 OOC 0 OOCCH3 

HOOC O - ( C H ~ l n - O - ( C H 2 1 , - 0  0 C O O H + C H 3 C 0 0  0 OOCCH3 

+CH3COO 0 COO 0 OOC 0 OOCCH3 

I n  t h i s  way, t h e  s o l i d - n e m a t i c  t r a n s i t i o n  as w e l l  as 

t h e  mesophase  p r o p e r t i e s  o f  t h e  c o p o l y e s t e r s  can be 
s y s t e m a t i c a l l y  a l t e r e d  by d i f f e r e n t  s p a c e r  l e n g t h s .  

EX PER IMENTAL 

PETP, c o n t a i n i n g  c o n v e n t i o n a l  a n t i m o n y  c a t a l y s t ,  was a 

commerc ia l  p r o d u c t .  PABB was p r e p a r e d  f rom p-ece toxy-  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
32

 1
9 

Fe
br

ua
ry

 2
01

3 



LIQUID CRYSTALLINE POLYESTERS [981]/201 

benzoy lch lo r i de  and p-hydroxybenzaldehyde f o l l o w e d  by 
o x i d a t i o n  w i t h  C r 2 0 3  i n  a c e t i c  a c i d  s o l u t i o n  (cr227 
n 250 OC(dec.) is). BABB was synthes ized by r e a c t i o n  
o f  hydroquinone w i t h  p-acetoxybenzoylch lor ide 
( c r  189 OC n 320 'C(dec.) i s ) .  Hydroquinone d i a c e t a t o  
(HDA) o r  1,4-bis(4-acetoxybenzoyloxy)-benzene (BABB) 
were used as d i f u n c t i o n a l  phenols. 

pared by e t h e r f f i c a t i o n  o f  p-hydroxybenzoic a c i d  w i t h  
1,W -d ich lo roa lkanes  o r  1 , l - d i c h l o r o d i e t h y l  e t h e r  . 
are  g i ven  i n  t h e  l i t e r a t u r e  '. D i c a r b o x y l i c  a c i d s  and 
d i s u b s t i t u t e d  hydroquinones were used i n  t h e  1:l mole 
r a t i o .  

0 C 

D i c a r b o x y l i c  ac ids  summarized i n  Table I were pre- 

3 

D e t a i l s  on the  p repara t i on  o f  the copo lyes ts rs  

TABLE I D i c a r b o x y l i c  ac ids  used as mod i f i e rs .  

X Symbol M e l t i n g  p o i n t  ( O c )  

The t e x t u r e s  and t r a n s i t i o n  temperatures o f  po lymer ic  
m a t e r i a l s  were observed with a p o l a r i z i n g  microscope, 
Thermal analyses were performed w i t h  a Perkin-Elmer 
DSC-18 apparatus a t  a hea t ing  r a t e  o f  8 #/min. 

used t o  measure the  loss angle,  t a n 6  , a t  0.02 Hz be- 
A dynamic mechanical ana lyzer  ( Perkin-Elmer) was 
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202/[982] E. HEMPEL e t  a l .  

tween 20 OC and 150 OC. Each sample was heated w i t h  
5 K/min t o  150 OC, and then cooled w i t h  the  same r a t e  
t o  room temperature. The DMA scans were begun a t  the 
l a t t e r  temperature. 

RESULTS AND DISCUSSION 

From a l l  prepared composi t ion se r ies ,  the  p r o p e r t i e s  
o f  samples con ta in ing  40 mole-% PETP are  summarized i n  
Table 11. The g l a s s  t r a n s i t i o n  temperatures TG have 
been ob ta ined from storage modulus versus temperature 
spec t ra  (0.02 Hz) .  

TABLE I1  Thermal p r o p e r t i e s  o f  copo lyes ters  
c o n t a i n i n g  40 mole-% PETP 

Composit ion (mole-%) TG (''1 m.p. (OC) 
~~ ~~~ 

PABB 60 

ETOBA 3O/BABB 30 

PROBA 30/BABB 30 

BUOBA 30/BABB 30 

PEOBA 30/BABB 30 

HEOBA 30/BABB 30 
HEOBA 3O/HDA 30 
DEOBA 30/BABB 30 

. 

91 
79 
66 
69 
68 
64 - 
74 

~~ 

277 
22 5 
212 
217 
167 
172 
177 
16 3 

Genera l l y ,  w i t h  i n c r e a s i n g  cha in  f l e x i b i l i t y  caused by 
a l ky lene  spacers, TG's and m e l t i n g  temperatures de- 
crease. Reduct ion o f  t h e  m e l t i n g  p o i n t  by use o f  modi- 
f i e r s  i nduc ing  l e s s  r i g i d  cha ins  i s  i l l u s t r a t e d  in F i -  

gure  1. The homogeneous me l t s  are l i q u i d  c r y s t a l l i n e .  
Wi th  the except ion  o f  PETP/PABB and PETP/HEOBA/HDA, 

a f t e r  an anneal ing t ime o f  about 30 min. nematic 
s c h l i e r e n  t e x t u r e s  appeared a t  240 OC. I n  the  f i r s t  
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L I Q U I D  CRYSTALLINE POLYESTERS [983]/203 

two cases, the me l t s  e x h i b i t e d  u n t y p i c a l  tex tu res .  A t  

temperatures above 300 O C ,  t h e  nematic - i s o t r o p i c  
t r a n s i t i o n  was accompanied by gradua l  decomposit ion. 
The upper l i m i t s  f o r  p r o p o r t i o n s  o f  PETP in produc ts  
e x h i b i t i n g  LC-behavior are about 80 % w i t h  &WE3 and 
50 w i t h  HDA. Obviously,  f l e x i b l e  spacers as w e l l  as 
t h e  nonreac t ive  e t h e r  bonds i n s t e a d  o f  COO-groups i n  
t h e  m o d i f i e r s  g i v e  r i s e  t o  a s u b s t a n t i a l  depressing of  

the  polymers'  m e l t i n g  p o i n t s  and favor  the  fo rmat ion  
of g lassy  s o l i d s  on c o o l i n g  the nematic mel ts .  

T I K  

6 00 

500 

400 - 
0 50 100 

mole-% P E T P  

FIGURE 1 P l o t  o f  m e l t i n g  temperature versus 
mole percent  o f  PETP c o n t a i n i n g  
d i f f e r e n t  comonomers. 

Comparing w i t h  unmodi f ied PETP charac te r i zed  by a t  
l e a s t  two low  temperature phases hav ing d i f f e r e n t  
c r y s t a l l i n i t y ,  t he  inc reased tendency o f  the  LC-copo- 
l y e s t e r s  t o  form t h e  g lassy  s t a t e  i s  recognizable from 
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204/[984] E. HEMPEL e t  a l .  

t a n s  - temperature spec t ra  (F igu re  2). The at -peaks o f  

LC-copolyesters assoc ia ted  w i t h  t h e  g l a s s  t r a n s i t i o n  

a r e  o f  h i g h e r  i n t e n s i t y  and sharpness. Fur ther ;  s t o r -  

age modulus-temperature spec t ra  do n o t  g i v e  h in t s  t o  
a two phase morphology as has been found f o r  PETP/ 

5 PAB. . 

0.125 

t 
c, 

300 320 340 360 380 400 
TIK - 

FIGURE 2 T a n r  spec t ra  f o r  PETP ( - )  and the  
40/30/30/ mole r a t i o  copalyes t e r s  : 
PETP/ETOBA/BABB ( -  - -) , PETP/PEOBA/ 
BABB ( ) , PETP/DEOBA/WBB ( -  0 ) .  
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