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Summary 

Liquid crystall ine polymers with mesogenic groups lateral ly attached to the polymer 
backbone were investigated by polarizing microscopy with respect to their optical 
properties. The nematic polymers were macroscopically oriented in a magnetic or 
electr ic f ield. Polarization microscopic investigations with convergent polarized 
light show optical biaxial behavior of the nematic phase. 

Introduction 

The existence of a biaxial nematic phase for thermotropic liquid crystals was theore- 
t ica l ly  predicted in 1970 by M. J. Freiser (1). The f irst-order transformation from 
the isotropic state to an uniaxial nematic state is followed at lower temperature 
by a second-order transformation to a biaxial nematic state. At this phase transfor- 
mation the rotation of the molecules around their long molecular axes becomes hin- 
dered and the mesogens achieve planar alignment (Fig. 1). 
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In the biaxial nematic state, orientational correlations between the molecules exist 
not only between their long axes but also between their short axes (2). This second 
order phase transformation has never been experimental ly observed for conventional 
low molar mass liquid crystals (hl.c.'s} and liquid crystall ine side chain polymers be- 
cause crystal l ization, the onset of a smectic phase or a transition to the glassy state 
intervenes at lower temperatures. The existence of a biaxial nematic phase of a liquid 
crystall ine main chain polymer is discussed by M. Kleman (2) and C. Viney et al. {3) 
but no clear evidence is given for the biaxial phase structure. 
Recently we succeeded in preparing a new class of nematic liquid crystall ine side 
chain polymers with mesogenic groups lateral ly attached to the polymer backbone (4} 
{Fig. 2). 
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In these systems the long axis ro ta t iona l  mot ions of  the mesogenic moie t ies  are res- 
t r i c t ed .  To de te rmine  the opt ica l  proper t ies o f  this new class of  nemat ic  polymers, 
especia l ly  w i th  respect to uniaxial  or b iax ia l  nemat ic  phase behavior, po lar iz ing m ic -  
roscopic invest igat ions were per formed.  

P o l a r i z i n g  m i c r o s c o p i c  o b s e r v a t i o n s  

To answer the question i f  this new class of  l iquid crysta l l ine polymers exh ib i t  an uni- 
ax ia l  or a b iax ia l  nemat i c  phase, macroscopic homeot rop ic  a l ignment  has to be ob- 
ta ined in order  to per fo rm conoscopic invest igat ions. In this macroscopic phase or ien-  
ta t ion ,  the long molecu lar  axes of  the mesogenic moiet ies  are perpendicular  to the 
surface of  the glass slides. Homoeot rop ic  o r ien ta t ion  of  convent ional  l iquid c rys ta l -  
l ine ma te r i a l  can be achieved by two  d i f f e ren t  methods(5) which can also be appl ied 
for  the o r ien ta t ion  of  polymers.  L iquid c rys ta l l ine  polymers w i th  a posi t ive anisotropy 
o f  magnet ic  suscept ib i l i t y  (z~• can be al igned in a magnet ic  f ie ld  (Fig. 3), whi le  me-  
sogenic polymers w i th  a posi t ive d ie lec t r i c  anisotropy (AE) can be or iented homeot ro -  
p ica l l y  in an e lec t r i c  f ie ld  (Fig. 3). 
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Fig. 3: Macroscopic homeot rop ic  a l ignment  of  mesogenic groups in an e lec t r i c  or 
magnet ic  f ie ld  

For the homeot rop ic  a l ignment  in an externa l  f ie ld,  d i f f e ren t  polymers I(!, 2 ,  3)  were 
used. The phase t rans i t ion  tempera tures  of  these nemat ic  polymers are l isted in 
Table I .  

Table I :  Phase t rans i t ion  of  polymers l ,  2. 3, (in K)(g=glassy, n=nemat ic,  i= isotropic)  
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0 

R 2 Tg, Tn.i 

OCH] 312 337 

0C6H1] 282 335 

CN 309 350 

P o l y m e r s l a n d 2  were or iented in a magnet ic  f ie ld  due to the i r  posi t ive 4•  E lec t r ic  
f ie ld  o r ien ta t ion  was used w i th  po lymer  3because  of i ts posi t ive Ac, which is a result  
of  the CN- te rm ina l  group. 
For the o r ien ta t ion  of  polymers _1 and 2 in the magnet ic  f ie ld,  the po lymer  was in t ro -  
duced between two  glass slides. The sample thickness was adjusted to 50 pm by glass 
spacers. The sample was exposed to a strong magnet ic  f ie ld  (7 Tesla) which was ap- 
p l ied perpendicular  to the glass slides to achieve homeot rop ic  o r ien ta t ion  of  the me- 
sogens. It should be noted that  a weaker magnet ic  f ie ld  (1.4 Tesla) did not produce 
homeot rop ic  o r ien ta t ion .  In the magnet ic  f ie ld  the sample was kept near the c lear ing 
tempera tu re  for  one hour and then cooled to room tempera tu re .  
For the o r ien ta t ion  in the e lec t r i c  f ie ld  po lymer  3 was squeezed between glass slides 
which had conduct ive coat ing and 50 pm glass spacers. An ac vol tage of  100 V and 
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5OHz was appl ied at  77~ and a slow or ien ta t ion  process was observed, accompanied 
by a change in the b i re f r ingence.  The sample was annealed overn ight  in the e lec t r i c  
f ie ld  and then cooled to room tempera tu re .  

ConoscoDic observat ions o f  the or ien ted polymers I ,  2 and _3 show an in ter fe rence 
f igure typ ica l  fo r  opt ica l  b iax ia l  systems (Fig. 4). In the paral le l  posi t ion a spl i t  cross 
o f  zero b i re f r ingence is observed (Fig. 4a). A f t e r  a 45 ~ ro ta t ion  of  the microscope 
stage, the in ter ference pa t te rn  of  the 45 ~ posi t ion appears which is charac te r ized  
by the max imum sp l i t t ing  o f  the two  isogyres (Fig. 4b). A fu r the r  ro ta t ion  of  45 ~ 
yields again a spl i t  cross but w i th  the line o f  zero b i re f r ingence turned 90 ~ f rom the 
or ig ina l  posi t ion. A f t e r  a 180 ~ ro ta t ion  f rom the or ig inal  posi t ion, the or ig ina l  in te r -  
ference f igure is obtained.  The opt ica l  axial  angle 2V is found to be about 10 ~ for  
al l  samples. 

The o r ien ta t ion  of  the molecules w i th  respect to the i r  short axes is not homogeneous 
throughout  the sample. When the glass slides are moved on the f i xed microscope 
stage, the sample gives in ter fe rence f igures which vary between those descr ibed 
above. 

Fig, 4: Conoscopic in ter ference f igures of  the polymers w i th  the mesogenic groups 
la te ra l l y  a t tached to the po lymer  backbone w i th  opt ica l  b iax ia l  proper t ies  
a) para l le l  posi t ion, b) 45 ~ posi t ion 

Orthoscooic observat ion exh ib i t  an equ i l ib r ium tex tu re  which d i f fe rs  f rom the tex tu re  
of  convent ional  nemat ic  I.I.c's (6) and o f  nemat i c  side chain polymers in which the 
mesogenic groups are a t tached to the po lymer  main chain via a te rm ina l  spacer (7). 
Anneal ing the sample below the c lear ing tempera tu re  overnight  gives a tex tu re  w i th  
d i f f e ren t  coloured domains separated by inversion wal ls.  Anneal ing an uncovered 
thin sample near the c lear ing tempera tu re  for  24 h yields a schl ieren tex tu re .  For 
our samples, only • 1 inc l inat ions can be observed. Accord ing to M. Kleman (2), 

+-1 incl inat ions are expected for  b iax ia l  nemat ic  phases owing to d i f f e ren t  e last ic  
constants of  these phases. 
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Conclusion 

The optical investigations of macroscopically oriented polymers with mesogenic 
groups lateral ly attached to the polymer backbone show optical biaxial nematic phase 
behavior. These systems confirm that a hindered rotation around the long axes of 
the mesogenic moieties changes the uniaxial nematic phase structure to a biaxial 
nematic phase structure. This hindered long axis rotation is achieved by having the 
mesogenic groups connected lateral ly to the polymer backbone. To our knowledge 
these are the f i rst  well-defined thermotropic liquid crystall ine systems with biaxial 
nematic phase behavior. This new class of biaxial nematic polymers opens interesting 
aspects for theoretical considerations and experimental investigations. 
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