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DIELECTRIC MEASUREMENTS ON POLYMERS WITH 
CROSSING MESOGENS 

HORST KRESSE, SABIN€ ERNST, W E  R o n ,  SURGEN LINOAU, 
FRANK KUSCHEL 
Mart in-Lutner-Unlvarsi t l t ,  Halle-Wittenberg, 
Sektion Chsmie, 4020 Helle/S., GDR 

Abs t rac t  Comparative a i e l e c t r i c  i n v e s t i g a t i o n s  on 
polymers with cross ing mesogenes have been c a r r l e a  
o u t  i n  the trequeney range trom 1 nz t o  100 KHZ. The 
spacer l e n g t h  and tne mesogenic p a r t s  o t  the main 
chain as w e l l  as the d i p o l e  o t  the crossing u n i r s  
nave m e n  altered. 

I NTROOUC TION 

Recent ly R Z j t z  e t  s1 . l  repor ted on dimesogenic l i q u i d  cry-  
s t a l l i n e  polymers cons is t i ng  o f  b i l a t e r a l l y  and b i t e r m i -  
n a l l y  l i n k e d  mesogenic u n i t s  o f  the f o l l o w i n g  general 
s t r u c t u r e i  
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212119921 H. KRESSE e t  a l e  

D i e l e c t r i c  measuremen t e  have a l ready been performed i n  the 
frequency range from 1 Hr t o  100 kHr on the above given 
de r i va t i ves  o f  biphenyle PCBmO2 Here we w i l l  r epo r t  about 
substances w i t h  the same general s t ruc tu re r  M = -N = N- 

(PCAm). The phase t r a n s i t i o n  temperatures, polymorphism 
and the  h a l f  w idth o f  the DSC peaks AT a t  the c l e a r i n g  
p o i n t  are given i n  Table I. 

TABLE I Phase t r a n s i t i o n  temperatures (K)  o f  
PCAm polymers 

m 
9 

P p* p" p i s  AT/K 

2 341 - - 452 . 4.0 

3 . 332 - - . 395 3.2 
5 . 322 I - . 390 . 3. 1 
6 . 323 PsA 374 . 410 . 5.0 

11 309 PRC 320 364 2.1 

P - glassy, P - smectlc, P, = nematic, 
Pis- i so t rop i c .  9 s3 

By comparison w i t h  the homologous PCBm polymers the PCAm 

ser ies shows an about 20 K higher c lea r ing  temperature, 
an e f f e c t  which a r i s e s  from the s t a b i l i z a t i o n  o f  the 
l i q u i d  c r y s t a l l i n e  phases due t o  the azobenzene uni t ,  

RESULTS 

The c a l i b r a t i o n  o f  the measuring cspaci tor  was no t  possi- 
b l e  before i n v e s t i g a t i n g  the substances due t o  t h e i r  h igh 
v iscos i ty .  Therefore, from the measured capaci ty C' and 
r e s i s t i v i t y  R the d i e l e c t r i c  loss 

C' - (2TlfR)-l, ( f - frequency) 

has been ca lcu lated as reported p r e v i ~ u s l y . ~  The curwes 
o f  the d i e l e c t r i c  loss o f  PCA3 and P C A l l  measured w i t h  
decreasing temperature are given i n  Figures 1 and 2 re- 
spectively. 
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DIELECTRIC MEASUREMENTS 

0.001 0.01 01 10 lrm WM, 
f l k t l l  - 

FIGURE 1 D i e l e c t r i c  loss C" o f  PCA3 versus fre- 
quency f a t d i f f e r e n t  tempera tures 

4: 378.7 K, 5: 385.6 K, 6: 392.5 K, 
1: 353.4 K, 2: 364.2 K, 32 369.8 KO 

7: 396.2 K. 

f l k H z  - I 
FIGURE 2 D i e l e c t r i c  loss  C" o f  P C A l l  versus fre- 

quency t a t  d i f f e r e n t  temperatures 
1: 346.9 K,  2: 351.9 K, 3: 361.2 K, 
4: 364.2 K, 5: 372.1 K. D
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2 14/[994] H. KRESSE e t  al .  

For PCA3 we could detect  a n e a r l y  constant absorpt ion i n -  
t e n s i t y  i n  the nematic phase and an increase o f  C" i n  the 
i s o t r o p i c  state. Due to  our  incomplete knowledge about 
the o r i e n t a t i o n  i n  the nematic phase we can o n l y  say t h a t  
there a re  no s t rong d ipo le-d ipo le i n t e r a c t i o n s  i n  t h i s  
state. Furthermore a second absorpt ion mechanism a t  f re-  
quencies about two decades h igher  has been found. By com- 
par ison w i t h  the former measurements2 i t  can be concluded 
t h a t  the i n t e n s i v e  absorpt ion i s  connected w i t h  the re- 
o r i e n t a t i o n  of  the crossing mesogens whereas the broadened 
absorpt ion a r i s e s  from a complex r e o r i e n t a t i o n  o f  the 
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FIGURE 3 A c t i v a t i o n  diagram o f  the PCAm 
polymers 
2 t  PCA2, 3: PCA3, 5: PCAS, 
6 t  PCA6, 13.: PCAll.  
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DIELECTRIC MEASUREMENTS [995]/215 

-COO- and probably also o f  the -COC- dipoles. 
Xn P C A l l  we could c l e a r l y  see on ly  the f i r s t  mechanism. 
The decreasing absorpt ion i n t e n e i t y  w i t h  decreasing tem- 

perature should be connected w i t h  p r e t r a n e i t l o n a l  e f f e c t s  
o f  the nematlc-smectio C t r a n s i t i o n  which a r i s e s  from the 

5 dipole-dipole i n t e r a c t i o n s  o f  h igher ordered eggrega tes. 
The r e l a x a t i o n  frequencies fR o f  the r e o r i e n t a t i o n  o f  the 
crossing mesogenlc groups w i t h  the CN-dipole are p l o t t e d  
i n  Figure 3 versus the rec ip roca l  temperature. 

100 
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FIGURE 4 Relaxat ion times 1 o f  the PCBm and 
PCAm polymers depending on the spacer 
l eng th  m a t  390.5 K 
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21 6/[996] H. KRESSE e t  el. 

Genera l l y  the  r e l a x a t i o n  f requencies of  the substances 
w i t h  m = 2 end 6 a r e  l ower  whet has a l ready  been observed 
f o r  the PCBm s e r i e s O 2  The change i n  the order  a t  the  ne- 
m a t i c - i e o t r o p i c  t r a n s i t i o n  can c l e a r l y  be eeen a t  the s tep  
i n  fR. A p l o t  o f  the  r e l a x a t i o n  tImes1: versus m f o r  the  
f i r s t  mechanism o f  b o t h  homologous s e r i e s  a t  T = 390.5 K 

(F igure  4) shows the genera l  agreement i n  the dynemical 
beheviour  o f  t h e  PCBm and PCAm polymers. I t  i n d i c a t e s  
a l s o  t h a t  the c ross ing  p a r t  o f  the molecule r e o r i e n t s  
n e a r l y  independent ly  on the l i q u i d  c r y s t a l l i n e  p a r t  
o f  the main chain. D i e l e c t r i c  i n v e s t i g a t i o n s  i n  the 
smect ic phases - re  n o t  p o s s i b l e  because of  the s t ronger  
i n f l u e n c e  o f  the c o n d u c t i v i t y  a t  lower  temperatures ( t h e  
a c t i v a r i o n  energy o f  the d i e l e c t r i c  r e l a x a t i o n  i s  h i g h e r  
than t h a t  o f  the  c o n d u c t i v i t y )  and the ext remely l ow re-  
l a x e  t i o n  frequencies. 
The a c t i v a t i o n  energ ies  o f  the nematic phases accord ing  
to  t h e  A r rhen ius  equat ion a r e  between 150 k J  mol" ( P C A P )  
and 250 k3 mo1-l (PCA3). They a r e  i n  the same o rde r  o f  
magnitude a s  observed f o r  t h e  PCB series. 
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