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Abstract The d i e l e c t r i c  re laxa t ion  processes i n  
l i q u i d  c r y s t a l l i n e  s i d e  chain polymers a r e  die- 
cueeed by chemical and physical v a r i a t i o n  of 
the respect ive subs tances. Furthermore, t he  die- 
l e c t r i c  data a r e  r e l a t e d  t o  poseible technica l  
appl icat iona.  

INTRODUCTION 

The increasing i n t e r e s t  of many s c i e n t i s t s  on polymer 
l i qu id  c r y s t a l s  or ig ina tes  i n  the r e l a t i o n s  between 
the new synthe t ic  p o s s i b i l i t i e s  and the  respect ive 
physical propert ies  1 

Especially the combination of our knowledge about low 
molecular l i q u i d  c rye ta l s  and polymers gives  idea6 
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I36 HORST KRESSE ET AL. 

proc ess es  
Process 

la ro t a t ion  around 
a bond 

b c is- t rans  
is omeriza t i o n  

2a segmental 
mot ions 

b ro t a t ion  of the 
s i d e  chain 
around IblIA 

c reor ien ta t ion  
of the s ide  
chain around 
SM.4 

3 ro t a t ion  of the 
volume phase 

which a r e  a l s o  important f o r  new technical  appl ica-  
tione. Here one has t o  d i f f e r e n t i a t e  between % t a t i c f l  
processes, f o r  example an iso t ropic  glasses, and dyna- 
mica1 ones i n  which a smaller o r  bigger part of the  
polymer has t o  be modified by external  f i e l d s  (e lec-  
t roop t i ca l  switching, s torage  e f f ec t s ) .  A l l  of these 
dynamfcal processes are connected wi th  t he  mobili ty of 
d i f fe ren t  molecular units which need a different f r e e  
volume f o r  the respect ive change of the molecular 
arrangement. A survey about these proceeses and the 
approximated d i e l e c t r i c  r eo r i en ta t ion  times 5 a r e  pre- 
sented i n  Table  I. 

TABLE I Clas s i f i ca t ion  of the  r eo r i en ta t ion  . 
Molecular 
mi t 

atom, small 
group of 
atoms 
bigger group 
of a t  o w  
s egment 

s i d e  chain 

s i d e  chain 

polymer cha in  

Glassy 
beha- 
viour 

9 

0 

+ 
+ 

+ 

+ 

MA: long molecular axis, SMAz shor t  molecular 
a x i s  

A sketch of the  different  d i e l e c t r i c  re laxa t ion  pro- 
cesses of s i d e  chain polymers according t o  the  measu- 
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DIELECTRIC RELAXATION 137 

rements by Kreese e t  a l .  293 Haase and coworkers 
4 9 5  aa well as by Parneix et a l .  6 is given i n  

F i g .  - I .  

1 1 1 

1 a” 

FIGURE 1 Dielectric relaxation proceseee i n  side 
chain polymers T -glassy temperature, 
To-Vogel-Fulcher temperature. 

g 
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138 HORST KRESSE ET AL. 

There a r e  d i e l e c t r i c  a c t i v e  processes on a l e v e l  of 
one o r  few atoms CJ- ,/3 ) and on bigger molecular u n i t s  
(00 which produce at  first a d i e l e c t r i c  anisotropy i n  
the volume phase and a f t e r  t h a t  the r eo r i en ta t ion  of 
the bulk (process 3) can take place. If we compare the  
re laxa t ion  time of the  procese 2c and the switching 
time a t  U = 5uo (process 3 )  of a n  oligomere 5 K below 
the phase t r a n e i t i o n  i n t o  the  i so t rop ic  phase 
( ~ ~ 1 0 %  3 , 2 ( 5 U o ) ~ 1 0 s  ) we obta in  a f a c t o r  of 
about f i f e  decades. In order t o  improve t h e  e lec t ro-  
op t i ca l  switching behaviour one has a t  first t o  de- 
crease the time which is necessary t o  produce the die- 
l e c t r i c  anisotropy. Therefore, we w i l l  s t u d y  now t he  
influence of t he  chemical va r i a t ion  on the r e l axa t ion  
time ~ ( 2 c ) .  

CHEMICAL VARIATION OF THE POLYMERS 

If we eeparat ly  regard the  main and the  s i d e  chain one 
can observe two glassy temperatures, one of the  m i n  
chain polymer T (P )  and a second one of the pure li- 
quid c r y s t a l  T LC). The glassy temperature of the 
l i qu id  c r y s t a l l i n e  part i s  more than 100 K lower 
but i t  can be increased by chemical va r i a t ion  of the  
substance. Recently d i e l e c t r i c  measurements on an 
oriented low molecular l i q u i d  c r y s t a l  gave s t rong  h i n t s  
f o r  the existence of a common Vogel-Fulcher temperature 
f o r  both re laxa t ion  processes, 2b and 2c respect ively 

the Arrhenius plot  and a common freezing i n  process 
(dashed l i n e  i n  Fig. 1 ) 
Because of t he  correeponding behaviour of a l l  polymera 

8 
g 7 

Therefore, we should assume similar behaviour i n  

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:
57

 1
9 

Fe
br

ua
ry

 2
01

3 



DIELECTRIC WAXATION 139 

with  respect  
never obtain 
temp era  t ime . 

t o  the freezing i n  process l o  one can 
both, a high m o b i l i t y  and a high g lassy  
Due t o  t h e  coupling o f  the main and the 

s ide  chain via  the  spacer one should expect at l e a s t  
one common glaesy temperature T between T (E) and 

g 43 
Tg(P). 

The influence of the spacer  
Increasing spacer length g ive8  decreasing T -values 
and a shor t e r  re laxa t ion  time as demonetrated i n  the  
case of' subs t i t u t ed  polyacrylates w i t h  near ly  the  same 
mean degree of polymerizationx. 

i3 

11 TABLE I1 Glassy temperature of  polyacrylates.  

Polymer n x Tg/K TNlI /K 
~~~ ~ 

1 2 50 348 308 
2 6 54 306 406 
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I 4 0  HORST KRESSE ET AL. 

lo5 

t 104 

P S  
I o3 

1 o2 

10' 

E I I I 

; 

i 
IX 2 /* 

2.5 2.6 2.7 2.8 2.9 3.0 
1000 ~ 

T I  K 

FIGURE 2 Arrheniue plot of the relaxation time 
't: (2c) of the polymer8 i n  Table 11. 

An increaeing spacer length allows a faster reorienta- 
tion of the CN dipole which i e  coupled with the e t i f f  
part of the aide chain. On the other hand the abeorp- 
tion intensity can be only explained i f  a complete re- 
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DIELECTRIC RELAXATION 141 

or i en ta t ion  of the  s i d e  chain takee place. 3 There- 
fore ,  the  reor ien ta t ion  mechanism should be a common 
complex motion of the spacer  (by conformational 
changes) and of the  st iff  l i qu id  c r y s t a l  part. An 
elongation of  t he  spacer decouples the main and s i d e  
chain from each other  due t o  the  dynamics of the  
spacer. 

The influence of the degree of polymerization 
The reor ien ta t ion  of the s i d e  chain must depend on the  
f l e x i b i l i t y  of the  main chain because both parts a r e  
coupled. If the  main chain is r e l a t i v e l y  enlarged and 
the mean degree of polymerzation times the length of 
one monomer unit is higher than the  co r re l a t ion  length 
i n  the  main chain one should expect no inf luence of 
the degree of polymerization on the  re laxa t ion  time y 

An example f o r  t h i s  is given i n  Table I11 and Fig.  3 
(2c) . 

TABLE 111 Charac ter ie t ic  data of the used poly- 
methacryla tea. 12 

- 
X Tg/K T ~ A / ~  lK Polymer 

1 600 3 13 3 93 
2 250 313 392 
3 120 313 390 
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142 HORST KRESSE ET AL. 

1 o4 

t 103 

1 OL 

10' 

1 oo 
2.5 2.6 

1000 

2.7 

FIGURE 3 Dielectric relaxation times of the 
substances given i n  Tab, 111. 

Similar results have a l so  been obtained f o r  polyacry- 
la tee, 
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DIELECTRIC RELAXATION 143 

TABU I V  Relaxation times of polyacrylates. l3 

1 1000 391 
2 200 391 
3 20 360 

10 
3,2 
297 

-phaee t r a n s i t i o n  temperature i n t o  the  TC 1 
iso t rop ic  phase 

From the  data can be concluded: 
i Generally there  i s  a a l i g h t  decrease of t he  mobili- 

t y  of  the s i d e  chain w i t h  increasing mean degree of 
polymerization. 

ii In a l l  case8 given i n  Tables I11 and I V  the  corre- 
l a t i o n  length i n  the = i n  chain is smaller than the 
lowest x value. Even f o r  x = 20 i n  Table I V ,  i n  
which a d m s t i c a l  change of the c lear ing  tempera- 
t u re  has been found, the re laxa t ion  time decreases 
only s l i g h t  l y  . 

The influence of the main chain 
The var ia t ion  of the re laxa t ion  time f o r  the  reorien- 
t a t i o n  of the l i qu id  c r y s t a l l i n e  un i t  by changing of 
the main chain and nearly constant chemical s t r u c t u r e  
of the s i d e  chain is given i n  Table V. 
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144 HORST KRESSE ET AL. 

TABU3 V Relaxation time by var ia t ion  of the m i n  
chain. 
R = -0-N 

Polymer m i n  chain aide chain x T/ms(345@ 
1 -O-Si(CH3)- -(CH2)4CO-R 36 0.01314 
2 -O-Si(CH3)- -(CH2)10CO-R 36 0e00814 

4 -C(CH3)-CH2- -COO(CH2)5R 200 16015 

3 -CH-CH2- =COO(CH2)5R 240 0.2 3 

From Table V the  increasing m o b i l i t y  by elongation of 
the spacer from polymer 1 t o  2 can be seen again. B u t  
the difference i n  the mobility seems t o  be smaller i n  
the case of the very  f l e x i b l e  si loxane main chain i n  
comparison with the polyacrylatea i n  Table 11. 
Generally the reor ien ta t ion  time T(2c) of the s i d e  
chain increases i f  the  si loxane main chain i s  replaced 
by acrylate .  The methacrylate main chain e f f ec t s  a 
fu r the r  increase of the relaxat ion time. 
Furthermore the chemical s t ruc tu re  of the  l i qu id  crys- 
t a l l i n e  p a r t ,  i t s  length-to-width r a t i o  l6 and the 
s t ruc tu re  of the l i qu id  c r y s t a l l i n e  phase l7 should 
play a similar r o l e  as observed on low molecular li- 
quid c rys t a l s  . 
The influence of combined s t ruc tures  
In main chain polymers w e  can observe only t h e  mecha- 
nism 2b i f  there  a r e  dipole components perpendicular 
t o  the main chain. j8 Combined polymers of the  geo- 
met r y  D
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DIELECTRIC RELAXATION 145 

should show a r e l a t i v e l y  f r e e  mob i l i t y  of t h e  
l o n g i t u d i n a l  d ipo le  of B. Recent ly  RiStz e t  al.  19 

A :  

B: 

For m > l  

have synthes ized  

a s t rong  decrease of t h e  abso rp t ion  i n t e m i t y  
due t o  t h e  formation of cybo tac t i c  groups has been 
found. 2o 
nematic i n t o  t h e  i s o t r o p i c  phase T and t h e  r eo r i en -  
t a t i o n  t ime of t h e  CB-dipole are g iven  i n  T a b l e  V I :  

The phase t r a n s i t i o n  temperature from t h e  

N / I  

TABLE V I  Relaxat ion time by v a r i a t i o n  of t h e  
space r  length m 

m 2 3 4 5 6 1 1  
TN/I’K 430 368 420 368 396 356 
7(357K)/ms 48 1.8 13 0.32 9.5 0.09 

The a l t e r n a t i o n  of  t h e  c l e a r i n g  temperatures and of 
t h e  r e l a x a t i o n  times i s  i n  the same d i r e c t i o n  as i t  
has  been observed a l r eady  for low molecular l i q u i d  
crystals. 21 In comparison w i t h  the  r e l a x a t i o n  times 
i n  Table V measured at a 12 K lower temperature t h e  
mobil i ty  of t h e  group B is too low. 
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146 HORST KRESSE ET AL. 

PHYSICAL VARIATION OF THE POLYlYlERS 

The influence of P la s t i c i ze r s  

The influence of p l a s t i c i ze r s  has been invest igated 
by Tennstedt e t  a1.22 The substance 1 i n  Table I1 
was given f o r  240 h i n  CHC13. Af t e r  t h i s  chloroform 

the same t r a n s i t i o n  point i n t o  the i so t rop ic  phase as 
before but i t  contains about 0.5 ms8 % CHC13. Relaxa- 
t i on  measurements i n  a sandwich c e l l  which allows a 
slow evaporation of CHC13 gives at f i rs t  a s t rong 
decrease of 'tr(2c) and a f t e r  t h i s  a slow increase 
with time (Fig.  4 )  
From these data can be concluded t h a t  the  dynamical 
behaviour of s i d e  chain polymera can only be  compared 
i f  the sample was dryed before at high temperatures 
i n  a good vacuum. 

w a s  evaporated (2.10 3 Pa, 333K). The substance has had 

The influence of low molecular l i a u i d  c r y s t a l s  

Mixtures of low and high molecular l i q u i d  crystals 
have been invest igated i n  order t o  s tudy the p las t ic i -  
zer e f f e c t  and the  influence of  the polymer mertrix on 

general behaviour should be demonstrated f o r  the ab= 
sorpt ion curves of two d i f f e ren t  mixtures. Inetead of 
€n the  imaginary p a r t  of the capacity,  Cn =(2rfR)" i a  
pres ent ed here. 

the mobility of the low molecular compound. 23924 The 
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DIELECTRIC RELAXATION 147 

I o3 

1 o2 

10’ 
0 100 200 300 400  - t 

days 
FIGURE 4 The change of the relaxation time 

Z(2c) during the evaporation of CHC13 

Similar to low molecular liquid crystals the relative 
position of the relaxation frequencies of L and P 
depends on the molecular shape. The relaxation time 
o t  the low molecular compound increases with its in- 
creasing length-to-width ratio. 
time of the pure low molecular compound is much lower 
as in the mixture - an evidence f o r  a molecular 
disperse solution in the polymer. The decrease of the 
relaxation time of the polymer in Fig. 6 (process 2c) 
for T = 333 K is given in Table VII 

The relaxation 16 
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148 HORST KRESSE ET AL. 

60 

L o  
C" 

20 

0 
10" 10' l o o  

f 
10' 

- 
k Hz 

FIGURE 5 Dielectric abeorption curves of a 
mixture of 70 mole % 

(L) at 340 K. 

TABLE VII Relaxation time of the polymer with 
increasing concentration of the low 
molecular compound 

l o2  

x/mole % 100 90 80 
c/m 10 1.3 0.21 
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DIELECTRIC RELAXATION 149 

1 o-2 1 o4 1 oo 10' lo2 
f 

kHz 
-- 

FIGURE 6 Die lec t r ic  absorption curves of a 
mixture of 80 mole % 

f C " 4 H 2 1 3 8 0  I 
C O O = ( C H 2 ) 6 - O ~ N  ( P )  and 

20 mole % 

C6H13 -O-@@N (L) at 329.8 K 
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150 HORST KRESSE ET AL. 

I n  the  same d i r ec t ion  i n  which we increase the  mole- 
cu lar  mobility of t he  polymer by add i t ion  of a low 
molecular compound we w i l l  l o se  the  advantages of the 
polymers i n  r e l a t i o n  t o  the  low molecular l i q u i d  
c r y s t a l s  . 
C ONCLUS 1 ONS 

If we discuss the technical  appl ica t ions  i n  the  l i g h t  
of the p o s s i b i l i t i e s  t o  decrease t h e  time necessary 
f o r  the production of the  d i e l e c t r i c  anisotropy we 
have t o  poin t  out: from the  dynamical point of v i ew 
low molecular substances a r e  qu i t e  faster f o r  
switching processes i n  the bulk. Under extrem con- 
d i t ions  (high temperatures and voltages) polymers can 
be switched w i t h  times lower than 1 s. 25 The de- 
creased mobili ty with respect t o  the  low molecular 
l i qu id  c rys t a l s  can a l s o  be found f o r  t he  switching 
process i n  f e r r o e l e c t r i c  polymers. 
These l imi ta t ions  a r e  a l s o  important f o r  wr i t ing  i n  
and erasing processes of op t i ca l  memories. 27 
want t o  s t o r e  a n  information i n  a qu i t e  s h o r t e r  time 
one has t o  take mechanisms of t he  first group in 
Table 1. F i r a t  inves t iga t ions  i n  t h i s  d i r ec t ion  has 
been done by Eich e t  al. 20 
A t  the end should be pointed out that  l i q u i d  c rys t a l -  
l i n e  s i d e  chain polymers a r e  substances w i t h  such 
in t e re s t ing  propert ies  t ha t  they w i l l  f i n d  a propor- 
tiomate place i n  t h e  technique. 

26 

If one 
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