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optical and electro-optical properties of a Ermectic 
side chain polysiloxane, possessing a cyanobiphenyl 
mesogenic moiety, are presented as a function of 
temperature and applied voltages. Field induced 
turbulent motion is observed at frequencies up to WIz. 

Since the early work of Roviello and Sirigul, 
themtropic mesophases have been reported in a variety of 
polymers with mesogenic moieties and flexible polymethylene 
spacers in the main chain. More recently, the synthesis of 
polymers with mesogenic groups fixed by a flexible alkyl 
chain to the polymer backbone has produced liquid 
crystalline side chain polymers which show properties 
similar to those of low molar mass liquid crystals. 

Research into the behaviour of liquid crystalline 
polymers in electric fields has concentrated on nematic 
polymers and comparisons with low molecular weight 
nematogens. Krigbaum et a12-4 investigated electric field 
induced instabilities in nematic main chain polymers, and 
Corazza et a15 observed similar effects in nematic and 
cholesteric main chain polyesters. Recent work has shown 
that side-chain nematic polymers show electro-optic effects 
similar to low molecular weight liquid cry~tals~-~. In this 
letter we report preliminary work on the effect of electric 
fields on a smectic side chain homopolysiloxane containing 
the cyano-biphenyl unit. 
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44 R. SIMON and H. J .  COLES 

Me 

PG 253 

g 28.3 S 132.5 I 

The polymer samples w e r e  contained between two 
t r anspa ren t  conducting g l a s s  slides e tched  to  g ive  an 
electrode area o f  2mm2. NO p a r t i c u l a r  t rea tment  w a s  given 
t o  the g l a s s  substrates other than a thorough de-greasing 
followed by washing i n  isopropanol. Because of the high 
viscosity of  the polymers, samples were melted on to  one 
glass plate and the cell assembles us ing  a n  adhesive spacer, 
rather than  use  the convent ional  c a p i l l a r y  f i l l i n g  
procedure. 

The cell  temperature  w a s  c o n t r o l l e d  by a programmdble 
hea t ing  s t a g e  ( LIN-KAM TH600) and the samples were viewed on 
a n  Olympus BH-2 p o l a r i s i n g  microscope, photomicrographs 
be ing  taken  w i t h  an Olympus OM-2 camera body and attachment. 
Thenno-optic a n a l y s i s  (TOA) w a s  carried o u t  us ing  a 
photodiode attachment and chart recorder. 

AC f i e lds  w e r e  suppl ied  by a sinewave oscillator via a 
l i n e a r  amplifier ( w h i c h  also suppl ied  DC fields).  

Thermo-optic analysis measures the i n t e n s i t y  of  l ight  
pass ing  through polymer f i lms  under crossed polars as a 
func t ion  of temperature .  F igure  1 shows a typical trace for  
the polymer under i n v e s t i g a t i o n .  Below a temperature  of 
around 130°( T' ), the polymer f i l m  is opaque and provides l o w  
t ransmiss ion .  Above t h i s  temperature  a r a p i d l y  inc reas ing  
i n t e n s i t y  of l i g h t  is observed w h i c h  passes through a 
maximum at 134OC and then  falls  rapidly as the isotropic 
state i s  a t t a i n e d .  Between T' and T, the polymer is more 
f l u i d  and h i g h l y  anisotropic ( i . e .  i n  t h i s  reg ion  r o t a t i o n  
of the polariser or ana lyse r  changes the l e v e l  of l i g h t  
t ransmiss ion) .  F r o m  T, t o  Tc the polymer exhibits a 

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:
28

 2
1 

Fe
br

ua
ry

 2
01

3 



SMECTIC POLYSILOXANES 45 

TEMPERATURE "c I 

biphasic region in which anisotropic and isotropic phases 
coexist. T, and T~ are respectively defined as the 
temperatures at which the isotropic phase first appears, and 
at which the anisotropic phase disappears. 

No typical low molecular weight smectic textures were 
observed during the heating cycle; indeed annealing for 20 
hours below T' had no effect on the optical properties of 
the sample. Above T' , however, focal conic textures were 
obtained after annealing for a few hours. Figure 2 shows 
two such textures at temperatures just above T' and T, 
respectively. 

ELECrRIC FIELD EFFECTS (DC, lcrw frequency AC) 

The behaviour of polymer PG253 in Dc and low frequency 
AC (<UCHz) electric fields was studied as a function of 
temperature and voltage between 120 and 140OC. A t  
temperatures above T' ( 13OoC ), electric fields of sufficient 
magnitude induced turbulent motion in the polymer leading to 
an intense scattering of light, with a consequent reduction 
in transmission as seen between crossed polars. Figure 3 
shows this to good effect, the dark region in Figure 3(b) 
Wing the area of the polymer film to which the field in 
applied. Below T', the response of the polymer to applied 
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46 R. SIMON and H. J. COLES 

FIGURE 2 Photomicrographs of PG253 taken at an original 
magnification of 1OOX. (a) Texture at 131°C, (b) Texture at 
134OC. 
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SMECTIC POLYSILOXANES 47 

PI= 3 Photomicrographs showing (a) texture prior to, and 
(b) texture 5 mins after application of l50V r.m.s., 200Hz 
to the polymer f i l m .  Temperature 133.6OC, original 
magnification 1OOX. 
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4 8  R. SIMON and H. J .  COLES 

f i e ld s  is s i g n i f i c a n t l y  reduced - a p p l i c a t i o n  of high 
voltages ( > 3 O O V )  for 12 hours  induced no t e x t u r a l  change a t  
12ooC. Above T' the tu rbu len t  motion becomes more i n t e n s e  
the h ighe r  the temperature  and vol tage ,  and optical response 
times vary f r o m  minutes  t o  several hundred mi l l i seconds  
(details w i l l  be given i n  a later p u b l i c a t i o n ) .  This  
t u rbu len t  motion is observed i n  a frequency range f r o m  DC u p  
t o  1I(Hz, for cell  spac ings  around 5 0 ~ .  

we believe that this is the first t i m e  such dynamic 
s c a t t e r i n g  effects have been observed i n  cyanobiphenyl side 
cha in  siloxane polymers. Although the i n i t i a l  measurements 
imply vo l t ages  of 100-2OOV nns, the r e l a x a t i o n  times sugges t  
that the materials have some p o t e n t i a l  for electro-optic 
polymer devices. 

The au thor s  are g r a t e f u l  t o  Professor G W G r a y ,  D r  D 
Lacey and D r  P G e m m e l l  €or the p rov i s ion  of the polymer 
sample and DSC d a t a ,  and t o  the SERC f o r  the award of a 
research g r a n t  (HJC) under the electreactive polymer 
scheme. Rs also thanks th i s  body for the research 
a s s i s t a n t s h i p .  
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