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SYNTHESIS AN0 PROPERTIES OF LIQUID CRYSTALLINE 
POLYESTERS WITH Y-SHAPED MESOGENS 

UWE RUTZ, JORGEN LINDAU, SIEGMAR DIELE, GONTER 
RE1 NHOLD , FRANK KUSCHEL 
Mart in-Luther -Univers i t8 t  Hal le -Wi t tenberg ,  
S e k t i o n  Chemie, 4020 H a l l e ,  GDR 

A b s t r a c t  A number o f  new l i q u i d  c r y s t a l l i n e  po- 
l y m e r s  c h a r a c t e r i z e d  by t r i a d  e s t e r  segments as 
mesogenic main c h a i n  u n i t s  connected t o g e t h e r  by 
po lymethy lene spacers and endowed w i t h  l a t e r a l  
g roups  c o n s i s t i n g  o f  a r i g i d  azobenzene p a r t  and 
d i f f e r e n t  s u b s t i t u e n t s  were synthes ized.  These 
p o l y e s t e r s  were s u b j e c t e d  t o  p o l a r i z i n g  mic ro-  
scopy, DSC and p r e l i m i n a r y  X-ray i n v e s t i g a t i o n s .  
There a re  two opposing e f f e c t s  o f  l a t e r a l  groups 
w i t h  respec t  t o  t h e  mesophase s t a b i l i t y .  

INTRODUCTION 

C l a s s i c a l  main c h a i n  and comb- l ike l i q u i d  c r y s t a l l i n e  
(LC)  po lymers w i t h  r o d - l i k e  mesogens have been i n t e n -  
s i v e l y  s t u d i e d  r e s u l t i n g  i n  a w e l l  unders tand ing  o f  
s t r u c t u r e - p r o p e r t y  r e l a t i o n s h i p s .  I n  l a s t  years,  t h e  
s t r u c t u r a l  p r i n c i p l e s  o f  b o t h  types  have been combined 
i n  numerous chemica l  v a r i a t i o n s  "*. A s p e c i a l  problem 
concerns t h e  i n f l u e n c e  o f  l a t e r a l  groups on t h e  t h e r -  

mal  mesophase behav io r  and t h e  phase s t r u c t u r e  of L C  

main c h a i n  polymers. Based on e x t e n s i v e  i n v e s t i g a t i o n s  
3 i n  t h e  f i e l d  o f  low-molecular -weight  l i q u i d  c r y s t a l s  , 

s i m i l a r  s t u d i e s  were under taken w i t h  main c h a i n  p o l y -  
mers '. I f  t h e  l a t e r a l  group does a c t  b o t h  as  a s t r u c -  
tural d i s o r d e r i n g  f a c t o r  w i t h  r e s p e c t  t o  a x i a l - r a t i o  
c o n s i d e r a t i o n s  and as a p a r t  o f  t h e  mesogenic system, 
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230/[ 10 101 U .  RUTZ et  a l .  

t h e  c o n s e q u e n c e s  on t h e  mesophase  p r o p e r t i e s  s h o u l d  
be o f  i n t e r e s t .  T h e r e f o r e ,  i n  o u r  i n v e s t i g a t i o n  w e  
have  v a r i e d  t h e  pendant  s u b s t i t u e n t s  l i n k e d  w i t h  t h e  
l a t e r a l  m e s o g e n i c  p a r t s  o f  Y-shaped L C - p o l y e s t e r s  a s  
w e l l  a s  t h e  l e n g t h s  o f  main c h a i n  p o l y m e t h y l e n e  
s p a c e r s .  

I t  n=3 
12 n = 6  

I 1 1  n = 3  
112 n = 6  

HOQ OH 
1. KOH, 2. HCI 

4 N 
II 

N 
II 
N 

Q R 

Y 

NaOH, TEBA 
l l +  P c 

Scheme 1 

N 

IP Q 
OQCOO 0 OOC 0 O-(CH2); 9 0  

Q R 
PI 

X 

EXPERIMENTAL 

The s y n t h e s i s  o f  t h i s  t y p e  o f  l i q u i d  c r y s t a l  main 
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POLYESTERS WITH Y-SHAPED MESOGENS [lo1 1]/231 

c h a i n  p o l y m e r s  i s  shown i n  Scheme 1. 

I2 were c o n v e r t e d  i n t o  t h e  c o r r e s p o n d i n g  a c i d  d i c h l o -  
r i d e s  I11 and I12 by t r e a t m e n t  w i t h  t h i o n y l  c h l o r i d e .  

I n  o r d e r  t o  p r e p a r e  t h e  h y d r o q u i n o n e  d e r i v a t i v e s  
V h y d r o q u i n o n e  was o n e - s i d e d  e s t e r i f i e d  w i t h  b e n z o y l -  
c h l o r i d e  f o r  o b t a i n i n g  h y d r o q u i n o n e  monobenzoate  (com- 
pound 111). V a r i o u s  a r o m a t i c  amino compounds were con- 
v e r t e d  i n t o  t h e  d i a z o  s a l t s  c o u p l e d  w i t h  h y d r o q u i n o n e  
monobenzoate  t o  form t h e  compound I V .  A f t e r  s a p o n i f i -  
c a t i o n  t h e  h y d r o q u i n o n e  d e r i v a t i v e s  V were o b t a i n e d .  

t h e  4,4'-alkylenedioxydibenzoyl c h l o r i d e s  I11 o r  I12 
on t h e  h y d r o q u i n o n e  d e r i v a t i v e s  V u n d e r  l i q u i d - l i q u i d  
p h a s e  t r a n s f e r  c o n d i t i o n s .  

The l i q u i d  c r y s t a l l i n e  b e h a v i o r  o f  t h e  p o l y e s t e r s  
was i n v e s t i g a t e d  by means of p o l a r i z i n g  m i c r o s c o p y  a n d  
d i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t r y  (DSC). The DSC s c a n  
r a t e  was 8 K/min. The number-average m o l e c u l a r  w e i g h t s  
were measured  w i t h  a n  a n a l y t i c a l  GPC i n  THF c a l i b r a t e d  
a g a i n s t  p o l y s t y r e n e  s t a n d a r d s .  For  p r e l i m i n a r y  i d e n t i -  
f i c a t i o n  of mesophases ,  X-ray e x p e r i m e n t s  were p e r -  
formed u s i n g  C u K a - r a d i a t i o n  monochromized by a g r a -  
p h i t e  c r y s t a l  w i t h  melt-drawn o r i e n t e d  f i b r e s .  

I n  t h e  f i r s t  s t e p  t h e  d i c a r b o x y l i c  a c i d s  11 a n d  

The p o l y c o n d e n s a t i o n  was c a r r i e d  ou t  by a c t i o n  of  

RESULTS AND DISCUSSION 

The p r o p e r t i e s  of t h e  s y n t h e s i z e d  p o l y e s t e r s  are sum- 
m a r i z e d  i n  T a b l e  I. G e n e r a l l y ,  t h e  c o m p a r i s o n  o f  t h e  
c l e a r i n g  t e m p e r a t u r e s  of  t h e s e  p o l y m e r s  w i t h  a n d  w i t h -  
o u t  l a t e r a l  s u b s t i t u e n t s  on t h e  m i d d l e  p-phenylene  
r i n g  d e m o n s t r a t e s  a g a i n  t h a t  p e n d a n t  g r o u p s  r e d u c e  t h e  
t h e r m a l  s t a b i l i t y  of t h e  mesophases .  B u t  t h e r e  a r e  ap-  
p a r e n t l y  two o p p o s i n g  e f f e c t s :  ( i )  t h e  s t e r i c  e f f e c t  
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TABLE I Polyeatera  and t h e i r  c h a r e c t e r l e t i c  date 
(pg = glassy, Pcr * c r y s t a l l i n e ,  Pn = nematic, 

Pis = i s o t r o p i c )  5. 

Polymer n R Phase t r a n e i t i o n  tempereturea Rn 
(OC) 

3 OCH3 P 96 L C  140 Pis 3700 
9 
9 
9 
9 

V I  I 
V I  2 3 NO2 P 124 LC 260 dec. - 
V I  3 

6 OC6H13 P 40 LC 173 Pis 4400 V I  4 
V I  5 6 C6H13 Pcr (Pg 44 LC) 103 LC 180 Pis 4100 

V I  7 6 CN P 98 Pn 234  Pie - 

6 OCH3 P 74 LC 219 Pis 3500 

V I  6 6 NO2 P 100 LC 252 Pie - 
9 
g 

respons ib le  f o r  an impai red packing e f f i c i e n c y  i n  the 
LC mel t ,  (ii) a s t a b i l i z a t i o n  o f  t he  mesophases due t o  
the i n t e r a c t i o n  of p o l a r  s u b s t i t u e n t s .  Such an ambiva- 
l ence  has a l s o  been observed a t  s i m i l a r  polymers w i t h -  
ou t  r i g i d  p a r t s  i n  the l a t e r a l  u n i t s  . 

The X-ray f i b r e  p a t t e r n  measured a t  room tempera- 
t u r e  suggests a nematic s t r u c t u r e  of  the polymer V17,  

b u t  the p a t t e r n s  o f  the polymers V 1 4  and V I  5 a r e  
d i f f e r e n t  from t h a t  o f  V I 7 , T h i s  can be seen i n  the 
case o f  V 1 4  from F igu re  1. The unusual f e a t u r e  i s  
c h a r a c t e r i z e d  by the occurrence o f  an inner  and o u t e r  
d i f f u s e  s c a t t e r i n g  on the equator. The o u t e r  r e f l e x i o n  
corresponds t o  a mean l a t e r a l  d is tance o f  about 4.5 8 
whereas the d i f f u s e  s c a t t e r i n g  a t  8 = 1.83' i m p l i e s  
the ex i s tence  o f  a p e r i o d i c  spacing o f  about 24 8. The 
f i g u r e  shows f u r t h e r  r e f l e c t i o n s  o f  lower  i n t e n s i t y  
p o s i t i o n e d  a t  the mer id ian  o f  the p a t t e r n  corrsspond- 
i n g  t o  8 spacing of d =: 12 8. More d e t a i l e d  X-ray i n -  
v e s t i g a t i o n s  a r e  i n  progress. 
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POLYESTERS WITH Y-SHAPED MESOGENS [ 101311233 

FIGURE 1 Schemat i c  r e p r e s e n t a t i o n  of t h o  X-ray 
diagram of polymer V 1 4  ( t h e  f i b r e  
drawing d i r e c t i o n  is v e r t i c a l ) .  

MATE R I A L S  

+ 
The d i c a r b o x y l i c  a c i d s  were p r e p a r e d  from methyl  4-hy- 
d roxybenzoa te  '. I 1  : m.p. 335 OC, y i e l d :  85 %. 
I 2  : m.p. 298 OC, y i e l d :  85 s/o. 
4,4' -Alkylene d ioxy  d i b e  nzoy l  c h l o r i d e s  (I I ) 
They a re  p r e p a r e d  from a c i d s  I w i t h  t h i o n y l  c h l o r i d e  
and r e c r y s t a l l i z e d  from cyclohexane .  I I 1 : m . p .  107- 
108 OC. I12 : m.p. 84 OC. Y i e l d :  90 %. 
Hydroquinone monobenzoate (1111 
T h e  p r e p a r a t i o n  was c a r r i e d  out as d e s c r i b e d  i n  re fe r -  
ence 8 and  r e c r y s t a l l i z e d  from e t h a n o l / w a t e r  (volume 
r a t i o  1:l); m.p. 163 OC, y i e l d :  55 %. 
2-Benzoyloxy-5-hydroxy-4'-subst. azobenzenes  ( IV)  
The d i a z o  s a l t  o f  an a p p r o p r i a t e  4 - subs t .  a n i l i n e  was 
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234/[ 10 141 U. RUTZ e t  a l .  

coupled w i t h  I11 as recommended i n  re ference 8. R = 

NO2, m.p. 198 OC; R = CN, m.p. 188 'C; R = C6H13, m o p .  
77 OC; R = OC6HL3, m.p. 85 OC; R = OCH3, m.p. 149 OC; 

y i e l d :  30-60 %. 
2,5-Dihydroxy-4'-subst. azobenzenes ( V )  

A suspension o f  I V  i n  t h e  2 0 - f o l d  amount o f  ethanol /  
water ( v o l .  r a t i o  1:l) was t r e a t e d  w i t h  a conc. aque- 
ous s o l u t i o n  o f  KOH t i l l  the c o l o u r  changed from r e d  

t o  blue. The r e s u l t i n g  s o l u t i o n  was r a p i d l y  f i l t e r e d  

and immediately a c i d i f i e d  w i t h  conc. HC1. The p r e c i p i -  

t a t e  was f i l t e r e d ,  washed w i t h  water and r e c r y s t a l -  

l i z e d .  R = NO2, m.p. 195 OC (dec.); R P CN, m.p. 200 OC 

(dec.); R = C6Ha3, m.p. 125 OC; R = OC6H13, m.p. 121 OC; 

R = OCH3, m.p. 180 OC (dec.); y i e l d :  50-90 %. 
Po lyes te rs  V I  

All p o l y e s t e r s  were prepared by ca ta l yzed  i n t e r f a c i a l  

polycondensat ion '. The crude products  were e i t h e r  re-  

d i s s o l v e d  i n  d ich loroethane and r e p r e c i p i t a t e d  i n t o  t h e  

2 0 - f o l d  volume o f  methanol ( R  = OCH3, OC6H13, C6HI3) o r  
e x t r a c t e d  w i t h  methanol in a Soxhlet  apparatus f o r  5 h 
( R  r: CN, NO2). Af terwards,  the polymers were d r i e d  i n  

vacuum a t  80 OC. Yie ld:  80-95 %. 
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