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BANDED TEXTURE OF LYOTROPIC POLYMER ... [ 133911383 

P 
A homeotropically uniform alignment 

of main chain of PBLG is obtained without 
an external field is applied if the cell 
thickness is somewhat thin. However, a 

unique reorientation behavior has been 
observed in this polymer when a n  
alternating (AC) electric field, lower than 
O.OlHz, is applied perpendicular to the 
original director, where appears a periodic 
array of stripe domains perpendicular to 
the field. These stripes have a fairly 
regular width of several microns and the 
rotation of the director in the areas 
between black lines owurs in opposite 
direction towards the axis of external field from 
one stripe to another in a n  alternating fashion. 
The bands appear 4 times in a cycle of AC 
electric field and their evolution repeatedly 
again and again. The banded texture, which 
once appeared, remains a s  it is. As a n  example 
of the banded texture, a photograph under 
crossed polarizer is shown in figure 2, where the 

03) 
FIGURE.1 The experimental get up. 

relative maximum intensity is white and the 
relative minimum is black. P : polarizer 

A : analyzer 

f i r l d  direction - The optical intensity of Light transmitted 
through the whole area of the sample was 
measured. Four different characteristic optical 
responses in a cycle of the applied AC field are 

observed, depending on frequency. The typical three response forms are shown in figure 
3a, as the variation of optical intensity through the whole area of a sample, with the 
waveforms of electric fields. Furthermore the optical response depends on the voltage of 

the applied electric field. As shown in figure 3b, there exist six regimes, tha t  is, the 
different patterns appeared as a function of the frequency and the voltage of the 
applied electric field. One of them is the regime where a quiescent state appears and 
others where dynamic motions containing a dynamic fluctuation are observed. I t  was 

FIGURE 2. The banded texture 
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found that in two regions, A and C, the reeponse 
form continues, as it ie, semi permanently, while 
in the other regions, B and D. the type of the 
reeponse varies with the panning of time and 

through a chaotic situation, leads to rest 6 n d y .  

In the lowest frequency region, A, the 
directors seem to be inverted perfectly with f 
180" rotation of them on a reversion of the field 
direction. It is W u l t  to estimate consietently 
the director movement in this region. Although 
these bands appear to be similar to the Williams 
domain in low molecular weight liquid crystals, 
their interpretation could not satisfy our optical 
observation. An entire explanation of the 
inversion p m s s  of director in the band 
emerged in the system under consideration may 
not satiafy the criteria of optical observations. 
Here, we concentrated our attention upon the 
problem to c l e  the mechanism of director 
rotation in another stationary regime, C. 

As an example, the digitized optical light 
patterns evolved under the AC field of 720 

Vp-dcm at  a frequency of 0.2H2, are shown in 
figure 4, where the real observation was made 
between crossed polarizers. The relative 
maximum intensity is white and the relative 
minimum ia black. A fixed horizontal line of the 
banded texture was picked up at a regular 
interval (4 lines in a seeond) and the pattern 

MtA 

6) 
FIQURE 3. (a) Th. variation of optical, V ~ M -  
mittam with wavx form of AC b l d  ( b e e  I). (b) 
Th. dependenca of ttm mpuw on hquency and 
&Id atrangtb. 

was reconstructed on the time d e .  aa shown in the lower figure, where the vertical 
axis representn time in second and the horizontal axis ie a line a c m  the stripes, 
parallel to the field direction, at an instant. 

The optical intensity of local position in a band was analyzed. As an example. on 
the digitized image of texture in figure 4, the variations of optical intensity along 

vertical Lines and horizontal lines are shown in 6gures 6 and 6, respectively. In 6gure 
6a, time dependences of optical intensity along the lines indicated by arrows in fib are 
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BANDED TEXTURE OF LYOTROPIC POLYMER ... [ 134111385 

shown, where the line number indicated in figure 5a, 

increases in order from left to right. It is found that 

a t  band boundary, the intensity changes slightly 
and the directors remain nearly parallel to the 
horizontal axis. There is hardly any doubt about it. 

Because the boundaries appears a s  black lines 
under crossed polarizers where one polarizer is 
oriented a t  0' with respect to the field direction 

and the other is perpendicular to the field, whereas 

they appeared to be bright when both polarizers are  
parallel to the field. 

I t  seems that  the cell gap of EOpm is enough to 

+ 
4 frame /see 

J banded texturn 

confine the rotational motion of director nearly in a FIGURE 4 The d i p d  optical pattern 

plane parallel to the field direction for this system 

under consideration. The variations of 

angle, 8, between the director and the 
Geld direction were estimated from the 

optical intensity in figure 6b. 
As shown in Fig.6 that in the center 

part of a domain, the molecules of a 
limited range joint together and begin 
with rolling motion, soon after the 

inversion of field direction. Widths of the 
range showing the same amount of 

deformation tend to decrease with 

increasing of the rotational angle 8 of 
director in the duration of a square wave. 
The angle decreases gradually from the 

center to domain boundary along x axis 
parallel to the field direction and leads 

the minimum at the boundary' FIGURE 5 The time dependence of optical Iran#- 
In the center of a domain, the angel mitfnnce at the locnl positions. shown as arrows in @) 

8 amounted to about +45" We tried to 

make the detailed map of the director orientation a t  local position in a domain and 
domain boundary. As shown in figure 7, the serpentine motion of directors sustains in a 

plane parallel to the glass plates. 
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CO" 
When the low frequency of an AC 

electric field with square waveform was 
applied on the PBLG concentrated 
solution. parallelly to the cell surface, the 
characteristic banded texture appeared 1 

to 4 times in a cycle, depended on the 
frequency. In the regime with which the 
band appeared once in a cycle, the 
response followed by an inversion of the 
field direction continued semi- 
permanently. I t  was found that the texture 
formation associated with 
deformation and the directors in the a line acroaa two bands 

center of area between boundaries rotated 
k 46' to the field direction a t  most. while 
in the band boundary they remained within a 
small angle to the field. 

(b) 
twist FIGURE 6 The tlme depsndence of tranamittance along 

(4 

(b) 
FIGURE 7 The schematic model for the twisted 
rotation of tho directors The vertical hnea are 
shown a8 the domain boundary The two arrows 
in the center of domain represent the director 
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