
This article was downloaded by: [Tomsk State University of Control
Systems and Radio]
On: 19 February 2013, At: 13:10
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number:
1072954 Registered office: Mortimer House, 37-41 Mortimer Street,
London W1T 3JH, UK

Molecular Crystals and
Liquid Crystals Incorporating
Nonlinear Optics
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl17

Dielectric Spectroscopy of
Side Chain Siloxane Liquid
Crystal Copolymers
C M Haws a , M G Clark a & C B Mcardle a
a GEC Research Limited, East Lane, Wembley,
Middlesex, United Kingdom, HA9 JPP
Version of record first published: 13 Dec 2006.

To cite this article: C M Haws , M G Clark & C B Mcardle (1987): Dielectric
Spectroscopy of Side Chain Siloxane Liquid Crystal Copolymers, Molecular Crystals
and Liquid Crystals Incorporating Nonlinear Optics, 153:1, 537-546

To link to this article:  http://dx.doi.org/10.1080/00268948708074564

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/
terms-and-conditions

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not
be liable for any loss, actions, claims, proceedings, demand, or costs or

http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268948708074564
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.

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

3:
10

 1
9 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Ltq Clysr , 1987, Vol 153. pp 537-546 
Photocopying permitted by license only 
0 1987 Gordon and Breach Science Publishers S A 
Printed in the Uniled States ot America 

DIELECTRIC SPECTROSCOPY OF SIDE CHAIN SILOXANE L I Q U I D  
CRYSTAL COPOLYMERS 

C M H a w s ,  M G C l a r k ,  C B McArdle 
GEC Research  L i m i t e d ,  East Lane,  Wembley, Middlesex ,  
U n i t e d  Kingdom, HA9 JPP 

A b s t r a c t  S i d e  c h a i n  s i l o x a n e  l i q u i d  c r y s t a l  polymers  
(LCPs) are b e i n g  i n v e s t i g a t e d  as  p o t e n t i a l  o p t i c a l  
s t o r a g e  media. Dielectric r e l a x a t i o n  s p e c t r o s c o p y  h a s  
been  used  t o  examine t h e  real and i m a g i n a r y  components 
of p e r m i t t i v i t y  as a f u n c t i o n  of f r e q u e n c y  and 
t e m p e r a t u r e .  The s p e c t r a  o b t a i n e d  are d i s c u s s e d  from 
t h e  s t a n d p o i n t  of b o t h  t h e i r  m o l e c u l a r  s i g n i f i c a n c e  
and t h e i r  d e v i c e  i m p l i c a t i o n s .  S p e c t r a  of l i q u i d  
c r y s t a l  homopolymers and a p a r t i c u l a r  c lass  of 
copolymers  have been  found t o  e x h i b i t  d i f f e r e n t  
f e a t u r e s  due t o  t h e  l a r g e r  f r e e  volume a v a i l a b l e  t o  
t h e  mesogenic  m o i e t i e s  i n  the copolymers .  The 
r e l a x a t i o n  b e h a v i o u r  of f i v e  LC copolymers  i s  
d i s c u s s e d  and t h e n  t w o  e q u i v a l e n t  p a i r s  of homopolymer 
and copolymer LCPs are c o n s i d e r e d  i n  more d e t a i l .  One 
p a i r  shows anomalous r e l a x a t i o n  b e h a v i o u r  and e x t r a  
r e l a x a t i o n  p r o c e s s e s  are a t t r i b u t e d  t o  i n t e r n a l  
r e o r i e n t a t i o n s .  

INTRODUCTION 

R e c e n t l y  t h e r e  has been c o n s i d e r a b l e  i n t e r e s t  i n  d e v e l o p i n g  

a n  o p t i c a l  s t o r a g e  d e v i c e  u s i n g  l i q u i d  c r y s t a l  

s i d e - c h a i n  polymers  [LCPs] ,2. These  materials combine the 

m e c h a n i c a l  p r o p e r t i e s  of polymers  w i t h  t h e  e l e c t r i c a l  and 

o p t i c a l  p r o p e r t i e s  of l i q u i d  c r y s t a l s .  The p h y s i c a l  

p r o p e r t i e s  of s e v e r a l  s i d e  c h a i n  s i l o x a n e  LCPs s y n t h e s i s e d  

by G.W. G r a y ' s  g r o u p  a t  H u l l  U n i v e r s i t y  have been  s t u d i e d  

t o  p r o v i d e  o p e r a t i o n a l  p a r a m e t e r s  f o r  d e v i c e  a p p l i c a t i o n s  

and i n f o r m a t i o n  a b o u t  m o l e c u l a r  dynamics.  
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538 C. M. HAWS, M .  G. CLARK AND C. B.  McARDLE 

The r e a l  and imaginary components of p e r m i t t i v i t y  have 

been measured as a f u n c t i o n  of f requency  and tempera ture .  

D ipo la r  r e l a x a t i o n s  a r e  seen  a s  peaks i n  t h e  frequency 

s p e c t r a  of t h e  imaginary component and t h e i r  r e l a t i v e  

spac ing  and tempera ture  response  e l u c i d a t e  t h e  molecular  

dynamics. I n  t h i s  pape r  t h e  r e l a x a t i o n  behaviour of 

s e v e r a l  LC copolymers i s  d i scussed  and compared w i t h  t h e  

response  of comparable homopolymers. Knowledge of t h e  DC 

c o n d u c t i v i t y  i s  a monitor of material q u a l i t y ,  wh i l e  t h e  

f r e q u e n c i e s  of d i e l e c t r i c  r e l a x a t i o n  must be known i f  an AC 

f i e l d  i s  t o  be app l i ed  a c r o s s  t h e  sample wi thou t  power 

l o s s .  The d i e l e c t r i c  spec t rum is  a l s o  i n d i c a t i v e  of t h e  

f e a s i b i l i t y  of d i e l e c t r i c  h e a t i n g  o r  two-frequency 

swi t ch ing  of LC polymer dev ices .  

EXPERIMENTAL 

A microcomputer c o n t r o l l e d  HP4192A impedance a n a l y s e r  w a s  

used t o  measure t h e  capac i t ance  and c o n d u c t i v i t y  of each 

sample a s  a f u n c t i o n  of frequency. The tempera ture  was 

r e g u l a t e d  t o  w i t h i n  0 . l o C  u s ing  a Linkam TH600 h o t  s t a g e  

and c o n t r o l l e r ,  The L C P s  were r e t a i n e d  i n  25 pm t h i c k  

g l a s s  sandwich c e l l s  w i t h  a s imple  ove r l ap  e l e c t r o d e  

p a t t e r n  e t ched  i n t o  low r e s i s t i v i t y  (5 Q / n )  ITO. 

P e r m i t t i v i t y  measurements on s t a n d a r d  l i q u i d s  (e.g.  

l ,Z-dichloromethane, go ld  l a b e l ,  A ld r i ch )  agreed  wi th  t h e  

l i t e r a t u r e  t o  between 1 and 5% depending on t h e  q u a l i t y  of 

t h e  c e l l .  

The l o s s  s p e c t r a  of t h e  L C P s  were f i t t e d  i n t e r a c t i v e l y  

u s i n g  a c o n d u c t i v i t y  curve  and two ove r l app ing  Fuoss 

Kirkwood curves .  The f i t t i n g  programme was supp l i ed  by 
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DIELECTRIC SPECTROSCOPY 539 

s t a f f  a t  t h e  U n i v e r s i t y  Co l l ege  of Wales and t h e  c r i te r ia  

f o r  adequacy of f i t  are d e s c r i b e d  e l sewhere3 .  

RESULTS AND DISCUSSION 

The s t r u c t u r e s  and t r a n s i t i o n  t empera tu res  of t h e  materials 

s t u d i e d  are shown i n  Table  1. 

TABLE I S t r u c t u r e s  and t r a n s i t i o n  d a t a  of t h e  LCPs. 

The g e n e r a l  s t r u c t u r e  of t h e  copolymers i s  : 

(CH3)3 S i o  [SiO(CH3)X)I a [SiO(CH3)2] b S i  (CH3)3 

where a :b  = 21:19 

The r e l a x a t i o n  behaviour  of GN3/17 and GN3/18 w i l l  be 

cons ide red  s e p a r a t e l y  l a t e r .  Two ove r l app ing  l o s s  peaks 

a r e  s e e n  i n  t h e  s p e c t r a  of t h e  o t h e r  LCPs. From s t u d i e s  of 

a l i g n e d  samples  they  may be a s s i g n e d  t o  t h e  S and a 

r e l a x a t i o n  mechanisms d e s c r i b e d  i n  t h e  l i t e r a t u r e  f o r  

s imi la r  LCPs4. A t y p i c a l  f i t t e d  curve  i s  shown i n  F i g u r e  1. 
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540 C. M. HAWS, M. G .  CLARK AND C. B.  McARDLE 

The 6 l o s s  peak a r i s e s  from t h e  l o n g i t u d i n a l  component 

of t h e  mesogen's d i p o l e  whereas t h e  a peak a l s o  inc ludes  

c o n t r i b u t i o n s  from t h e  t r a n s v e r s e  component. The r e l a t i v e  

peak ampl i tudes  may be r e l a t e d  t o  t h e  degree  of alignment 

of t h e  d i r e c t o r 5 .  The v a r i a t i o n  of 6 peak ampl i tude  wi th  

tempera ture  f o r  t he  copolymers i s  shown i n  F igu re  2 .  This  

change of alignment s u g g e s t s  t h a t  t h e  thermal  s t a b i l i t y  of 

i n fo rma t ion  w r i t t e n  onto  f i l m s  of t h e s e  materials us ing  

e i t h e r  n e g a t i v e  o r  p o s i t i v e  c o n t r a s t  modes, may vary  

acco rd ing  t o  the  p r o p e r t i e s  of t h e  LCP be ing  used. 

LL 
0 
\ 

m 

3 
\ 
13 
u 

1 

Figure  1 F igu re  2 
GN3/14 a t  56'C f i t t e d  V a r i a t i o n s  of 6 peak ampl i tude  
w i t h  a c o n d u c t i v i t y  curve f o r  una l igned  samples of t h e  
and two Fuoss Kirkwood copolymers. [The curve f o r  
curves  GN3/22 was produced us ing  t h e  

a peak of a homogeneously 
a l i g n e d  sample].  

The 6 and a peak behaviour of t h e  copolymers i s  

summarised i n  Table 2 .  A l s o  shown i s  t h e  behaviour of LCP 

"A" which is  t h e  homopolymer e q u i v a l e n t  of GN3/16 and has  

been e x t e n s i v e l y  s t u d i e d  by At ta rd6 .  
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DIELECTRIC SPECTROSCOPY 

TABLE 2 6 and a r e l a x a t i o n  peak p a r a m e t e r s  

54 I 

T' ("C) 

6 Peak p o s i t i o n  a t  

T ( l o g l o  

a Peak p o s i t i o n  a t  

T(logl0 Hz) 

6 Peak A c t i v a t i o n  

Energy (kJ /mol)  

a peak A c t i v a t i o n  

Energy ( k J / m o l )  

Core o v e r l a p  ( f rom 

X-ray d a t a 7  ( A ) )  

GN3/14 

56.4 

4.33 

6.94 

92.5 

89 

19.2 

GN3/3 GN3/19 GN/22 GN3/16 A 

67.4 

4.66 

6.92 

96.5 

87 

17.7 

65 

4.76 

6.95 

80 

68 

10.7 

26 30.6 60 

2.94 3.3 3.57 

6.66 4.92 4.82 

124 98 120* 

48 72 130" 

15.4 8.4 - 

# TITc = 0.92 where Tc i s  t h e  c l e a r i n g  tempera ture .  

* Shown t o  be v e r y  t e m p e r a t u r e  dependent  

The f e a t u r e s  of t h e  s p e c t r a  of each m a t e r i a l  are d i s c u s s e d  

below and i n t e r p r e t e d  i n  terms of m o l e c u l a r  h i n d e r i n g .  

GN3/14 

The r e l a t i v e l y  h i g h  a-peak a c t i v a t i o n  energy  w i t h  r e s p e c t  

t o  t h e  o t h e r  LC copolymers  and t h e  small s h i f t  i n  a l i g n m e n t  

w i t h  t e m p e r a t u r e  ( s e e  F i g u r e  2)  s u g g e s t s  a r e s t r i c t i o n  of 

t h e  t r a n s v e r s e  d i p o l e  component mot ion  and a f a i r l y  s t a b l e  

d i r e c t o r  c o n f i g u r a t i o n .  T h i s  i s  due  t o  s te r ic  h i n d r a n c e  

a r i s i n g  from t h e  odd a lkoxy s p a c e r  l e n g t h 8 .  
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542 C. M .  HAWS. M. G.  CLARK AND C. B .  McARDLE 

GN3/3 

I n  c o n t r a s t  t o  GN3/14, t h i s  e x h i b i t s  a l a r g e  s h i f t  i n  

a l ignment  w i t h  tempera ture  and t h i s ,  t o g e t h e r  w i th  t h e  

f a i r l y  high f requency  of t h e  6-peak p o s i t i o n ,  s u g g e s t s  a 

r e l a t i v e l y  unhindered s t r u c t u r e .  S ince  t h e  only  d i f f e r e n c e  

i s  t h e  even s p a c e r  l e n g t h  t h e  e x p l a n a t i o n  may be t h a t  t h i s  

a l i g n s  t h e  mesogen approximate ly  o r thogona l  t o  t h e  

backbone, reducing  t h e  s te r ic  h indrance .  

GN3/19 

The l o s s  peaks of t h i s  LCP are at h igh  f r e q u e n c i e s  and have 

low a c t i v a t i o n  ene rg ie s .  There i s  a l s o  a small peak h e i g h t  

s h i f t  wi th  tempera ture .  The s t a b l e  d i r e c t o r  c o n f i g u r a t i o n  

and r e l a t i v e l y  u n r e s t r i c t e d  d i p o l e  motion may be a s s o c i a t e d  

w i t h  t h e  s p e c i f i c  l o c a l  f l u i d  s t r u c t u r e .  From Table  2 t h e  

c o r e  ove r l ap  d i s t a n c e  i s  v i r t u a l l y  i d e n t i c a l  t o  t h a t  

observed  in t he  cor responding  monomeric cyanobiphenyl.  I n  

t h e  polymers such l o c a l  s t r u c t u r e  w i l l  induce i n t r a -  o r  

i n t e r - c h a i n  c o r r e l a t i o n s  which may s t a b i l i s e  the d i r e c t o r  

c o n f i g u r a t i o n .  

GN3/22 
The 6 peak is  a t  a low frequency and h a s  a h igh  a c t i v a t i o n  

energy  whi le  t h e  a peak i s  w e l l  s e p a r a t e d  and has  a ve ry  

low a c t i v a t i o n  energy. The weak l o n g i t u d i n a l  d i p o l e  

component is r e s t r i c t e d  by s t e r i c  h ind rance ,  wh i l e  t h e  f r e e  

t r a n s v e r s e  motion may r e s u l t  from t h e  r e l a t i v e l y  

u n r e s t r i c t e d  methoxy t e rmina t ing  s p e c i e s  o r  from 

coopera t ive  e f f e c t s  between a d j a c e n t  e s t e r  groups .  

GN3/16 and A 

The l o s s  behaviour of t h i s  e q u i v a l e n t  p a i r  of homopolymer 
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DIELECTRIC SPECTROSCOPY 543 

and copolymer LCPs may be compared. The l o s s  peaks of t he  

copolymer are narrower ( i . e .  they are more Debye-like), 

they have lower a c t i v a t i o n  ene rg ie s  and a wider s epa ra t ion .  

The copolymer s t r u c t u r e  p re sen t s  less hindrance t o  t h e  

motion of the mesogenic d ipo le  components. 

GN3/17 and GN3/18 

These are an equivalent  p a i r  of homopolymer and copolymer 

LCPs  which produce anomalous l o s s  s p e c t r a .  Examples a t  

0.95 Tc and 1.06 Tc are given i n  Figures  3 t o  6 and t h e  

peak p o s i t i o n s  are summarised i n  Table 3. 

TABLE 3 Peak Pos i t i ons  of GN3/17 and GN3/18 

L CP Temperature Peak 1 P o s i t i o n  Peak 2 P o s i t i o n  
( l o g l o  Hz) ( l o g l o  Hz) 

GN3/17 0.95 Tc (55OC) 4.5 6.8 

1.06 Tc  (95") 5.34 6.14 

GN3/18 0.95 Tc (15OC) 3.7 5.8 

1.06 Tc  ( 5 O o C )  4.61 5.22 

The r e l a x a t i o n  behaviour of t he  copolymer and 

homopolymer are s i m i l a r  due t o  t h e  l a r g e  core overlap i n  

each case. X-ray s t u d i e s  of these LCPs showed 

i n t e r d i g i t a t i o n  of the mesogenic groups wi th  almost 

complete overlap f o r  the copolymer. I n  f i g u r e s  3 and 4 t he  

lower frequency peak is i n t e r p r e t e d  as a supe rpos i t i on  of 6 

and a r e l a x a t i o n s .  The r e l a t i v e l y  high microviscosi ty  of 

t h i s  copolymer (due t o  t h e  i n t e r d i g i t a t i o n )  causes the 

r e l a x a t i o n  peaks t o  be a t  lower f r eqenc ie s  than than those 

of the homopolymer. 
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544 C. M.  HAWS, M. G .  CLARK AND C. B.  McARDLE 

I *  I 

F i g  3:  GN3/18 a t  0.95 T, 
(15°C) 

I 

F i g  5: GN3/18 a t  1.06 Tc 
(50°C)  

J--- 
\ .I 

F i g  4 :  GN3/17 a t  0.95 T, 
(55°C) 

F i g  6: GN3/17 at 1.06 T, 
(95 1 D
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DIELECTRIC SPECTROSCOPY 545 

The l a r g e  peak occur r ing  a t  h igh  f requency  i n  t h e  

s p e c t r a  of F i g u r e s  3 and 4 may be f i t t e d  w i t h  two 

ove r l app ing  peaks a t  lower tempera tures .  It is proposed 

t h a t  t h e s e  peaks arise from i n t e r n a l  r e o r i e n t a t i o n  of t h e  

ester groups and a r e  analogous t o  t h e  @ r e l a x a t i o n s  seen  by 

Zente14. The s p l i t t i n g  of t h e  peak may r e s u l t  from t h e  

p re sence  of two e s t e r  groups i n  t h i s  mesogen, a l though  t h e  

p a r t i c u l a r l y  wide s p l i t t i n g  f o r  (33117 and t h e  g r e a t l y  

d i f f e r i n g  ampl i tudes  of t h e  components sugges t  t h a t  t h e  

h i g h e r  component may be due t o  some o t h e r  u n i d e n t i f i e d  

i n t e r n a l  r e o r i e n t a t i o n ,  t h e  lower peak be ing  an  unreso lved  

peak due t o  t h e  e s t e r  r e o r i e n t a t i o n s .  

F i g u r e s  5 and 6 show t h e  i s o t r o p i c  s p e c t r a .  The 

expe r imen ta l  peak can be c l e a r l y  r e so lved  i n t o  two 

components r emin i scen t  of t hose  seen  i n  a s tudy  of d i a l k y l  

phenyl  benzoate  esters9. In t h a t  c a s e  t h e  s p l i t t i n g  was 

a t t r i b u t e d  t o  a l a r g e  a n i s o t r o p y  of t h e  r o t a t i o n a l  

d i f f u s i o n  t e n s o r  i n  t h e  i s o t r o p i c  phase. The same 

i n t e r p r e t a t i o n  g ives  v a l u e s  f o r  D11 ro t . /D l  r o t .  of about 

7.5 f o r  (33118 and 12 f o r  GN3/17. This  sugges t s  a degree  

of l o c a l  o r d e r i n g  remains i n  t h e  i s o t r o p i c  phase. 
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