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TEXTURES A N D  INSTABILITIES I N  L I Q U I D  CRYSTALS A N D  

MESOMORPHIC POLYMERS 

JEAN-MARC G I L L I ,  PIERRE SIXOU 

L a b o r a t o i r e  d e  P h y s i q u e  d e  l a  M a t i k r e  Condens&, 
L.A. 190,  P a r c  V a l r o s e .  06034 Nice c e d e x .  FRANCE. 

A b s t r a c t  : An a r o m a t i c  p o l y e s t e r  o f  monomeric  u n i t s  
s imi la r  t o  PAA s e p a r a t e d  by f l e x i b l e  s p a c e r s  show 
e l e c t r o h y d r o d y n a m i c  i n s t a b i l i t i e s  i n  e x t e r n a l  e lec-  
t r i c  f i e l d .  A s  i n  t h e  case of smal l  m o l e c u l e  l i q u i d  
c r y s t a l s ,  c o n d u c t i v e  a n d  d i e l e c t r i c  modes a r e  o b s e r v e d  
u s i n g  p o l a r i z i n g  m i c r o s c o p y .  Slow k i n e t i c s  d u e  t o  t h e  
h i g h e r  v i s c o s i t y  a l low t h e  o b s e r v a t i o n  of t h e  e v o l u -  
t i o n  t o  t u r b u l e n c e .  A new p e r i o d i c  t e x t u r e  i n  t h e  d i e -  
l e c t r i c  domain w i t h  a f r e q u e n c y  d e p e n d e n t  p e r i o d i c i t y  
i s  a l s o  o b s e r v e d  i n  p o l y m e r i c  s a m p l e s . T h e  F r e e d e r i c k s z  
t r a n s i t i o n  i n  t h e  case o f  h o m e o t r o p i c  a n c h o r a g e  i s  
d i s c u s s e d .  

INTRODUCTION 

E l e c t r o h y d r o d y n a m i c  i n s t a b i l i t i e s  c a n  o c c u r  i n  smal l  molecu -  
l e  l i q u i d  c r y s t a l s  i n  a.c.  e l e c t r i c  f i e l d s I 1 ) .  Due t o  t h e  
l a r g e  number o f  e x p e r i m e n t a l  a n d  t h e o r e t i c a l  ( 2 ,  3, 41 s t u -  
d i e s  i n  t h e  l a s t  t e n  y e a r s ,  t h e  time and  s p a t i a l  d e p e n d e n c e  
of t h e  f irst  n o n - e q u i l i b r i u m  s t a t e  h a s  b e e n  c l a r i f i e d .  A t  
low f r e q u e n c i e s ,  t h e  c o n d u c t i o n  mode a p p e a r s  a t  a t h r e s h o l d  
p o t e n t i a l ,  accompan ied  by a p e r i o d i c  d e f o r m a t i o n  o f  t h e  d i -  
r e c t o r  on  d i r e c t i o n  o f  p r e f e r r e d  o r i e n t a t i o n .  A q h a r a c t e r i s -  
t i c  t e x t u r e  i s  o b s e r v e d  of p a r a l l e l  l i n e s  of s p a c i n g  of t h e  
o r d e r  o f  t h e  s a m p l e  t h i c k n e s s  (Will iams domains1  c a u s e d  by 
c o n v e c t i v e  m o t i o n  o f  i o n i z e d  i m p u r i t i a s .  A t  h i g h e r  f r e q u e n -  
c ies ,  a f i n e r  t e x t u r e  ( c h e v r o n s 1  t a k e s  o v e r .  I n  t h i s  d i e l e c - -  
t r i c  mode, no c h a r g e  o s c i l l a t i o n s  b u t  time a n d  s p a c e  o s c i l -  
l a t i o n s  o f  t h e  d i r e c t o r  d e s c r i b e  t h e  f i r s t  i n s t a b l e  mode. 

R e c e n t l y ,  i t  h a s  b e e n  shown t h a t  e l e c t r o h y d r o d y n a m i c  i n s t a -  
b i l i t i e s  a l s o  o c c u r  i n  p o l y m e r s  wh ich  p o s s e s s  l i q u i d  c r y s t a l -  
l i n e  p h a s e s  (5,6.71. The p r e s e n t  work h a s  been  r e a l i s e d  w i t h  
d i f f e r e n t  m o l e c u l a r  w e i g h t s  o f  a r e c e n t l y  s y n t h e s i z e d  a roma-  
t i c  p o l y e s t e r  (DDA-91 r a n g i n g  f r o m  t h e  o l i o g o m e r s  up t o  a 
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180 J .  M. GILL1 AND P.  SIXOU 

molecular weight of 20000. This allows a systematic compari- 
son with small molecule liquid crystal behaviour. The pro- 
blems encountered on anchoring of the director at the surfa- 
ces of the cell are examined. The numerous textures which 
arise on variation of the frequency or amplitude of the po- 
tential or the sample thickness are analyzed. 

EXPERIMFNTAL 

The aromatic polyester ODA-9 was synthesized in the labora 
tory of Prc&ssor Blumstein and is given by the formula (8, 
9,101. 

0- G I=N 0 - D - C - ( C r 2 ) l o - j  EQPP 5 '3 0 I1 b 
The fractionated samples have a polydispersity 2 and mo- 
lecular weights in the range M = 2300 - 6300 , as well as n 
M. = 20000. 
TIC critical temperatures for the anisotropic-isotropic pha- 
se transition were obtained by polarizing microscopy, upon 
heating at 2"C/min. In the polymeric samples, the tempera- 
ture for appearance of a biphasic isotropic-anisotropic pha- 
se is determined. The electric field was applied to the 
cell through S,O2 coated glass plates, obtained from OCLI, 
England. Exclusively peak to peak potential values are gi- 
ven throughout the present paper except when otherwise indi- 
cated. The sample thickness was calibrated by mylar spacers 
[furnished by MICEL Cachan France). As a reference system, 
two monomeric liquid crystals were used. PAA was chosen for 
the chemical structure similar to the monomer o f  DDA-9. The 
extensively studied MBBA has a room temperature transition 
easily studied without need of a hot stage. 

I. ANCHORAGE 

The classical methods used to obtain uniform sample orienta- 
tion by anchorage at the surfaces were used : rubbing by 
the method of Chatelain [ I 1 1  or deposit of HTAB on the s u r -  
face 112) .  A noticable effect on the textures in zero field 
and on the values of threshold potential was observed, hut 
the stability of the anchorage in time on heating to the 
critical temperature or on application of high potentials 
was uncertain. Because of the Sn02 conductive layer oblique 
evaporation o f  SiOz could introduce inhomogenous fields in 
the cells and was not attempted. The same methods were used 
in the polymeric and comparative MBBA and PAA studies. 
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POLYMERS TEXTURES AND INSTABILITIES 181 

I n  a l l  cases, zones o f  d i f f e r e n t  anchorage were obse rved .  
T h i s  o f t e n  p e r m i t t e d  s i m u l t a n o u s  s t u d y  o f  i n s t a b i l i t i e s  i n  
p l a n a r  and h o m e o t r o p i c  c o n f i g u r a t i o n s  ( P I  c - d ) .  P l a n a r  zores 
appeared on t r e a t m e n t  w i t h  HTAB, s h e a r i n g ,  h i g h  p o t e n t i a l  
and h i g h  t e m p e r a t u r e s .  I n  u n t r e a t e d  samples or a f t e r  r u b -  
b i n g  by  t h e  method o f  C h a t e l a i n ,  s h e a r i n g  i n d u c e d  p l a n a r  
anchorage w i t h  numerous d i s l o c a t i o n  l i n e s .  Spontanous r e l a -  
x a t i o n  dependent  on t e m p e r a t u r e  t o  h o m e o t r o p i c  anchorage o c -  
cu red .  T h i s  was c o n f i r m e d  also i n  MBBA by conoscopy and has 
been r e p o r t e d  p r e v i o u s l y  i n  PAA [ I l l .  I n  t h e  b l a c k  homot ro -  
p i c  zones, t h e  c h a r a c t e r i s t i c  dc  c u r r e n t  i n s t a b i l i t y  ( 1 2 1  
was f o u n d  i n  MBBA and i n  DDA-9 ( M n ~ 2 3 0 D I  a t  1 6 V  and 5 0 V  res- 
p e c t i v e l y  ( P I  a - b l .  The h o m e o t r o p i c  zones a r e  s t a b l e  on pas -  
s i n g  t o  t h e  i s o t r o p i c  phase and c o o l i n g .  P a r t i a l  i n v e r s i o n  
o c c u r e d  o n l y  on  s t r o n g  s h e a r i n g  o r  on  a p p l i c a t i o n  o f  h i g h  
ac p o t e n t i a l s  of t h e  o r d e r  o f  100 V. 

II. TEXTURES I N  SINUSOIDAL FIELDS AND PLANAR ORIENTATION 
11.1. W i l l i a m s  Domains [ W D l  

As i n  s m a l l  m o l e c u l e  l i q u i d  c r y s t a l s  a t  l o w  f r e q u e n c i e s ,  in 
t h e  l o w  m o l e c u l a r  w e i g h t  samples a WO - t y p e  t e x t u r e  i s  ob -  
se rved .  F o r  t h e  m o l e c u l a r  w e i g h t s  s t u d i e s  ( 2 3 0 0 ,  2500, 3400, 
63001 t h e  t h r e s h o l d  p o t e n t i a l  v a r i e d  between a f e w  v o l t s  t o  
t e n s  o f  v o l t s .  

i n c r e a s e s  s l o w l y  w i t h  t h e  f r e q u e n c y  o f  t h e  a p p l i e d  f i e l d  
u n t i l  t h e  v i c i n i t y  o f  t h e  c u t o f f  f r e q u e n c y  Fc .  Appearance 
t i m e s  ( f i g . 1 )  a r e  o f  t h e  o r d e r  o f  m i n u t e s  as i n  o t h e r  nema 
t i c  p o l y m e r s  ( 5 , 6 . 7 1 .  

11.2.  E f f e c t  o f  sample t h i c k n e s s  

WD a r e  c h a r a c t e r i z e d  by t h e  i n v a r i a n c e  o f  t h e  s p a t i a l  p e r i o -  
d i c i t y  d e t e r m i n e d  by t h e  sample w i d t h  ( p h o t o s  P 2 b  a n d 2 c l  
c o r r e s p o n d  t o  samples o f  d i f f e r e n t  m o l e c u l a r  w e i g h t  b u t  
c o n s t a n t  t h i c k n e s s  d z 12pm.Both p r e s e n t  t h e  same p e r i o d i c i  
t y  o f  around  20 p m  c o r r e s p o n d i n g  t o  t h e  a s s o c i a t i o n  o f  two  
c o n v e c t i v e  rolls o f  d i f f e r e n t  sense o f  r o t a t i o n .  The WO i n  
PAA a t  equal t h i c k n e s s  a r e  comparable as seen i n  P2a. I n  
P3b, t h e  same Mn as  i n  P3a i s  shown f o r  a t h i c k n e s s  o f  4pm, 
c l e a r l y  d e m o n s t r a t i n g  t h e  c o r r e s p o n d i n g  dec rease  i n  p e r i o d i -  
c i t y .  

The d a r k  a r e a s  i n  P3b a r e  ho rneo t rop i c  zones, n o t  t o  be 
con fused  w i t h  r o u n d  d a r k  a i r  b u b b l e s  a l s o  p r e s e n t .  The d i f -  
f e r e n t  a s p e c t s  o f  t h e  WD i n  t h e  p r e c e e d i n g  p h o t o s  a r i s e  
f r o m  d i f f e r e n t  f o c a l i z a t i o n  o f  t h e  m i c r o s c o p e  I P Z b  and P 3 a l .  

F o r  a g i v e n  m o l e c u l a r  w e i g h t ,  t h e  t h r e s h o l d  p o t e n t i a l  

- -- 
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182 I .  M .  GILL1 AND P. SIXOU 

P I .  a) Instability at d . c .  voltage 16  V in MBBA, homRo- 
tropic orientation,sample thickness 12 p. T = 22OC. 
b )  Instability in " b l a c k  zones" in O O A - 9 ,  M, = 3900, 
seconds after application o f  d.c. voltage 50 V, sample 
thickness e = 5 p m  , T = 12U°C. 
tabilities obtained in planar Iupperl and horneotropic 
(lower1 orientation in OOA-9 sample  of Mn = 2300, 3 minu- 
tes after application of a sinusoidal potential 13000 Hz, 
22 V l ,  e = 12 prn , T = 1 1 3 O C .  d l  Same as in c l  at 35V, 
5000 HZ (See Color Plate I )  

- 

c )  Comparison o f  ins- 
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POLYMERS TEXTURES AND INSTABILITIES I83 

FIGURE 1. Formation times for Williams domains as func 
tion of applied voltage in DDA-9 sample. Mn = 2300, 
T = 113'C [0.95Tc1 sample width e = 12 ,urn. 

It has been shown that a virtual image can be observed below 
the samole (14, 15, 16, 1 7 1 .  

11.3. Anchorage 

Rubbing by the method o'f Chatelain was used in the O O A - 9  
samples in the vertical direction. It is known that a uni- 
form planar anchorage is more difficult to obtain in poly- 
mers with flexible chains and high viscosity. Furthermore, 
the numerous impurities and air bubbles present in 00A-9 per- 
turb considerably the organization by reducing the effective 
surface ( 1 8 1 .  Finally, the slow appearance time of the WD 
textures causes imprecision in the threshold potential V, 
and for V > V, a subsequent bidimensional non-equilibrium 
state occurs. 

11.4. Transition to turbulence 

Compared to small molecule liquid crystals (191  the relaxa- 
tion to the higher Uidimensional mode is slow. A spatial mo- 
dulation of the convective rolls and an increase in the 
number of defects and ramifications (P4a) preceed the regu- 
lar "stair case" structures seen in P4b. 
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I84 J .  M .  GILL1 AND P.  SIXOU 

- P2 : a) Williams domains in purified PAA [T, = 1 3 Z ° C ) ,  
200 Hz, 20 V, 100°C, 12pm.  b) Williams domains in 
DDA-9. Mn = 3400, 2 minutes after application o f  poten- 
tial, 60 Hz, 11 V, 121.G°C , 12 prn. c l  Williams do- 
mains in DOA-g. Mn = 6300, GOO Hz, 55 V, 140O.6 C 
1 2  pm. (See Color Plate 11) 

F u r t h e r  increase o f  the potential leads to the turbulent 
(Dynamic Scattering1 Mode. (Fig. 21, accompanied by invasion 
by dislocation lines (201. 

11.5. Dielectric mode 

P h o t o s  P5 a and b give examples o f  t h e  "chevron" mode in 

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:
15

 2
0 

Fe
br

ua
ry

 2
01

3 



POLYMERS TEXTURES AND INSTABILITIES I85 

P3 : a) Williams d o m a i n s  i n  DDA-9 . M n  = 3900, 5 m i n .  
a f t e r  a p p l i c a t i o n  of ac p o t e n t i a l  . 120Hz, 30 V, 
120.5°C, 12 ,urn. b l  as i n  a3  f o r  t h i n n e r  s a m p l e .  " B l a c k  
z o n e s "  o f  h o m e o t r o p i c  a n c h o r a g e  a r e  v i s i b l e .  
( S e e  Color Plate 111) 

- 

MBBA i n  t h e  d i e l e c t r i c  d o m a i n  ( f r e q u e n c y  380 H z l .  T h e  f i n e l y  
s p a c e d  l i n e s  o f  t h e  d i e l e c t r i c  mode a r e  b a r e l y  v i s i b l e  b u t  
i n c r e a s i n g  t h e  p o t e n t i a l  (21,22,131 s h a r p e n s  t h e  c h e v r o n  
s t r u c t u r e  a n d  i n c r e a s e s  t h e  p e r i o d i c i t y  p o s s i b l y  b y  c o u p l i n g  
w i t h  o t h e r  h y d r o d y n a m i c  i n s t a b i l i t i e s  [ 2 3 , 2 4 3 [ f i g . 3 1  f o r  
e x a m p l e ,  t h e  c o n d u c t i o n  mode .  T h e  o b s e r v e d  t e x t u r e  c o n s i s t s  
t h e n  o f  l o n g ,  o f t e n  m o v i n g  [ s n a k e - l i k e 1  l i n e s  w i t h  s t r i a t e d  
c h e v r o n s ,  b o t h  p e r i o d s  b e i n g  l a r g e r  t h a n  i n  t h e  p u r e  d i e l e c -  
t r i c  mode .  S i m i l a r  e f f ec t s  o c c u r  i n  t h e  DDA-9 s a m p l e s  n e a r  
t h e  c u t o f f  f r e q u e n c y  ( P S c ,  d l .  T h e  p u r e  d i e l e c t r i c  mode i s  
n o t  o b s e r v e d ,  p r o b a b l y  d u e  t o  a l o w  c o n t r a s t ,  e x t r e m e l y  f i n e  
p e r i o d i c  s t r u c t u r e  i n  t h e  h i g h  v i s c o s i t y  p o l y m e r  s a m p l e .  

1 1 . 6 .  H i g h  f r e q u e n c y ,  l o w  p o t e n t i a l  mode 

F o r  f r e q u e n c i e s  a b o v e  t h e  c u t o f f ,  a new t e x t u r e  (251 was 
f o u n d  ( P 6 a  a n d  c l .  T h e s e  t e x t u r e s  were a l s o  o b s e r v e d  i n  c o n -  
v e n t i o n a l  l i q u i d  c r y s t a l s  [ 2 4 1 .  T h e  t h r e s h o l d  p o t e n t i a l  i s  
less t h a n  100 V a n d  d o e s  n o t  v a r y  w i t h  a p p l i e d  f r e q u e n c y .  
T h e  w i d e  s p a c i n g  o f  t h e  t e x t u r e  i s  l a r g e r  t h a n  t h e  s a m p l e  
t h i c k n e s s  a n d  i n  t h e  v i c i n i t y  of t h e  c u t o f f  f r e q u e n c y ,  c h e -  
v r o n s  a p p e a r  i n s i d e  t h e  d a r k  l i n e s .  ( P 6 b l .  T h e  a p p e a r a n c e  
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186 J .  M. GILL1 AND P. SlXOU 

I 

1 1 -m 

FW2) Fc I 
F i g .  2 : Threshold  v o l t a g e  f o r  a p p e a r a n c e  o f  i n s t a b i l i t i e s  
a s  f u n c t i o n  o f  f r e q u e n c y .  The domains g i v i n g  t h e  a p p e a r a n -  
ce of  broad  domain t e x t u r e  a s  well a s  t h e  o r g a n i z a t i o n  i n  
chevrons  i n s i d e  t h i s  t e x t u r e  a r e  shown. 

Monodirnentionnal 

mode V = V s  
d i e l e c t r i c  

F i g .  3 : E v o l u t i o n  i n  MBBA i l l u s t r a t i n g  chevron  t e x t u r e s  
g i v e n  i n  P5 a )  and b l .  D
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POLYMERS TEXTURES AND INSTABILITIES I87 

- P4 : a) Beginning of bidimensional organization in OOA-9 
[Mn = 25001 1200 Hz, 57 V, 12,um, 144.7"C. bl Bidimen- 
sional organization in DDA-9 [Mn = 2300) 60 Hz, 24 V, 
101.l°C, 12pm. (See Color Plate Iv)  

and relaxation times o f  this mode a r e  long. This could be 
proof o f  convection in the vicinity of the glass surfaces. 

11.7. High molecular weights 

For the sample of Mn =20000 no satisfactory anchorage could 
be achieved. The sample thickness was varied between 10 and 
100 pm and the ac potential increased to 200 V. The forrna- 
tion o f  WD type instabilities could not be observed even af- 
ter 24 h, as could be explained by the large viscosity of 
t h e  sample [5,6). I n  a dc c u r r e n t  "convective t o r u s "  i n s t a b i  
lities were easily observed. The risk of sample degradation 
in these experimental conditions is high. 

111. HOMEOTROPIC ORIENTATION 

Low molecular weight samples [Mn = 4000) were also studied 
in the horneotropic configuration. In ze ro  field the zones 
anchored perpendicular to the su r face  appeared black under 
the polarizing microscope. 

In the entire range of frequences an electric Frede- 
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188 J .  M. GILL1 AND P. SIXOU 

P 5  : a1 Chevron  t e x t u r e  i n  MBBA [Tc = 45OC1 a t  370  Hz, 
220  V,  2Z0C, 12 p m .  b l  a s  i n  a )  a t  250 V [At  l o w e r  
p o t e n t i a l  a f i n e r  t ex ture  c o r r e s p o n d i n g  t o  monod imens io -  
n a l  d i e l e c t r i c  mode i s  o b s e r v e d ] .  cl  Chevron  t e x t u r e  i n  

= 25001 3000 Hz, 66 V, 102,6OC ( 0 . 8 5  T c l ,  
i n  DDA-9 (Mn = 23001 2800 Hz, 
cl e = 1 2  p m  [ t w o  m i n u t e s  
. (See Color Plate V) 

- 

OOA-9 (Mn 
1 2  ,urn. d 
1 3 0  V, T 
a f t e r  a p p  

Chevron  t e x t u r e  
= 1O1, IoC [0,85 
i c a t i o n  o f  f i e l d  

r i c k s z  t r a n s i t i o n  was o b s e r v e d  f o r  a c o n s t a n t  p o t e n t i a l  a -  
r o u n d  10 V .  The f l i p p i n g  o v e r  o f  t h e  d i r e c t o r  l e a d s  t o  a n  
i n c r e a s e  i n  b i r e f r i n g e n c e  a n d  p r o g r e s s i v e  c o l o r i n g  (4,261. 

s i t i o n  c a n  be masked by t h e  s p l a y  WD i n s t a b i l i t y  a t  lower 
I n  s m a l l  m o l e c u l e  l i q u i d  c r y s t a l s  t h e  F r e d e r i c k s z  t r a n -  
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POLYMERS TEXTURES AND INSTABILITIES I89 

P6 : a) T e x t u r e  o b t a i n e d  i n  00A-9 
1 2 0  V, 1 1 4 , 7 O C  = 0.95 T, , 1 2  pm. b )  a s  i n  a )  a t  
130 V. 
250 V, 12prn. t w o  m i n u t e s  a f t e r  a p p l i c a t i o n  o f  f i e l d .  
(See Color Pla te  VI) 

[Mn = 25001, 4 0 0 0  Hz, - 

c l  T e x t u r e  o b t a i n e d  i n  OOA-Y [ M g  = 3 4 0 0 1  4100Hz 

t h r e s h o l d  ( 2 7 1 .  I n  p o l y m e r s ,  t h e  s p l a y  e l a s t i c  c o n s t a n t  i s  
e x p e c t e d  t o  i n c r e a s e  r a p i d l y  w i t h  m o l e c u l a r  w e i g h t  [281, 
w i t h  a c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  s p l a y  W O  t h r e s h o l d .  
On f u r t h e r  i n c r e a s i n g  t h e  p o t e n t i a l  a b o v e  t h e  F r e d e r i c k s z  
t r a n s i t i o n  a t  l o w  f r e q u e n c y  F < F  a WO - t y p e  i n s t a b i l i t y  
o c c u r s  [ P l d ) .  T h e  t h r e s h o l d  p o t e n t i a l  i s  s o m e w h a t  h i g h e r  
t h a n  i n  t h e  p l a n a r  c o n f i g u r a t i o n ,  a n d  t h e  o r g a n i z a t i o n  less 
r e g u l a r .  
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I90 J .  M. GILL1 AND P. SIXOU 

At high frequency no new effects due to the original 
homeotropic orientation are found above the Fredericksz 
transition. 

CONCLUSION 

We were able to demonstrate in this paper the many analogies 
between the polymeric nematic 00A-9 at l o w  molecular weights 
with comparable ( A €  < O  , AC> 0 1 conventional liquid 
crystals. F o r  exemple, evidence was given for the existence 
of both conduction and dielectric modes, for a p0ssibl.e cou- 
pli.ng between conductive and dielectric modes, for a turbu- 
lent DSM. 

Typical polymeric effects were analyzed. The problem 
of sample anchorage at high molecular weights requires deve- 
lopment of new methods. A new high frequency broad domain 
texture was observed, as well as a homeotropic Fredericksz 
transition. 

The onset of turbulence in these anisotropic materials 
merits further investigation. Slow relaxation times due to 
high viscosity should allow a detailed study of the transi- 
tion mechanisms involved. 

The authors wish to thank Professor Blumstein (Department 
o f  Chemistry, University of Lowell 01854 Mass. U.S.A.1 
f o r  having furnished all the polymer samples presently 
studied. 
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