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DETERMINATION OF THE CHOLESTERIC SCREW SENSE 

G. HEPPKE and F. OESTREICHER 
I n s t i t u t  fiir Anorg. u. Analyt. Chemie der Technischen 
Universi ta t  Berlin,  D-1000 Berlin 1 2  , Germany. 

I f  a cho le s t e r i c  l i q u i d  c r y s t a l  is placed between a g l a s s  
plate with planar  alignment and a spherical  lens  with con- 
c e n t r i c  surface alignment, a double s p i r a l  d i sc l ina t ion  
l i n e  appears. The s p i r a l  ro t a t ion  sense depends on the 
h e l i x  screw sense of t h e  cho le s t e r i c  phase and t h e  r a d i a l  
d i s t ance  between the d i sc l ina t ion  l i n e s  on t h e  p i t ch  mag- 
nitude.  A t heo re t i ca l  calculat ion of t he  form of t h e  spi- 
r a l  d i sc l ina t ion  l i n e s  is given and compared with experi- 
mental r e s u l t s .  

(Submitted f o r  pub l i ca t ion  
To f u l l y  character ize  the  h e l i x  s t r u c t u r e  of a cho les t e r i c  

May 4, 1 9 7 8 )  

l i q u i d  c r y s t a l ,  t h e  p i t ch  magnitude as well as the  screw sense 
must be known. The screw sense i s  normally determined e i t h e r  
by examining t h e  transmission and r e f l e c t i o n  c h a r a c t e r i s t i c s  
of t h e  cho le s t e r i c  mesophase i n  the  in f r a red  o r  v i s i b l e  spec- 
trum (1-6) o r  by comparison with a cho le s t e r i c  phase of known 
screw sense using t h e  contact method (7,8). 

I n  t h i s  paper we would l i k e  t o  describe a new and simple 
method whereby t h e  screw sense may be determined and photo- 
graphical ly  documented, a l s o  allowing t h e  p i t ch  magnitude t o  
be d i r e c t l y  measured. It  is  a modification of  t he  Grandjean- 
Can0 method, which is  based on the  observation of  t h e  d i s c l i -  
nation l i nesoccur r ing  i n  a wedge shaped cho le s t e r i c  sample 
with homogeneous planar boundary conditions (9,101. 

Using a sphe r i ca l  lens  (radius R) on a g l a s s  p l a t e ,  it 
can be shown that t h e  radius r of  t h e  d i sc l ina t ion  r ings i s  a 
function of  t he  angle between t h e  alignment d i r ec t ions  of  t h e  
lens  
with 

and t h e  g l a s s -p l a t e .  I f  a pos i t i ve  s ign is associated 
a right-handed h e l i x ,  then (11) 
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The h e l i x  screw sense  can e a s i l y  be determined by turnins  
t h e  l e n s  through 280 f o r  example, producing an inc rease  or 
decrease  o f  t h e  d i s c l i n a t i o n  r i n g  r ad ius  depending on t h e  s ig i  
However, by tu rn ing  t h e  l e n s  t h e  r i n g  system is sometimes de- 
s t royed ,  e s p e c i a l l y  when t h e  h e l i x  p i t c h  i s  s m a l l  (12) .  The 
method descr ibed  i n  t h i s  paper enables  t h i s  disadvantage t o  bt 
avoided i n  t h a t  the l e n s  i s  provided wi th  a concent r ic  p l ana r  
s u r f a c e  alignment e.g. by p r e s s i n g  t h e  r o t a t i n g  l e n s  a g a i n s t  i 

c e l l u l o s e  pad. For such boundary condi t ions  it can be shown 
that: 

0 

Eq. (2)  1 /2 r = ( R p p / T )  

where $9, as i n  equat ion 1 , i s  measured from t h e  d i r e c t i o n  o f  
the molecule o r i e n t a t i o n  a t  t h e  g l a s s  p l a t e .  Equation (2) 
desc r ibes  a double s p i r a l ,  which is p l o t t e d  i n  f i g u r e  (1)  f o r  
a right-handed h e l i x  (p  >o). As shown by equat ion ( 2 )  f o r  a 
lef t -handed h e l i x  ( p <  0) t h e  angle  P must a l s o  be negat ive  an( 
consequently t h e  double s p i r a l  changes i t s  sense  o f  r o t a t i o n .  
Thus t h e  h e l i x  screw sense  can be  immediately obta ined  from 
t h e  form o f  t h e  d i s c l i n a t i o n  l i n e s  and t h e  p i t c h  magnitude, a: 
i n  t h e  convent ional  Can0 method, from t h e  r a d i a l  d i s t ance  
between t h e  l i n e s .  

The nematic phase ROTN 403 (Hoffmann l a  Roche), a com- 
mercial l i q u i d  c r y s t a l  mixture ,  wi th  t h e  add i t ion  of  t h e  ch i r i  
compound CB 15 (BDH) o r  a l t e r n a t i v e l y  Z L I  811 (MERCK) t o  induc 
c h o l e s t e r i c  s t r u c t u r e ,  w a s  used t o  experimental ly  v e r i f y  t h e  
above method. The d i s c l i n a t i o n  l i n e s ,  observed a t  room temper: 
t u r e  us ing  a p o l a r i z a t i o n  microscope, are reproduced i n  f igur t  
(2) and ( 3 ) .  From t h e s e  it can e a s i l y  be seen  t h a t  wi th  CB 15 
a right-handed whereas with ZLI 811 a lef t -handed h e l i x  i s  
formed. The p i t c h  magnitude can be determined by i n s e r t i n g  
values from t h e  d i s c l i n a t i o n  l i n e  r a d i i  f o r  an a r b i t r a r y  anglt 

necessary so t h a t  the experimental  and t h e o r e t i c a l  s p i r a l s  
correspond i n  sense  as w e l l  as s i z e .  

i n t o  equat ion ( 2 )  or by determining t h e  s c a l i n g  f a c t o r  

As can be  seen from f i g u r e s  (1 )  and ( 2 )  t h e  p o s i t i o n s  of 
t h e  d i s c l i n a t i o n  l i n e s ,  c a l c u l a t e d  us ing  formula ( 2 ) ,  a r e  a l -  
most i d e n t i c a l  with t h e  experimental  r e s u l t s  - however it is 
n o t  possible t o  experimental ly  follow t h e  l i n e s  f o r  very s m a l :  
va lues  o f  r. This  mav be caused by inadequate  boundary con- 
d i t i o n s  and s u r f a c e  roughness bu t  even under i d e a l  condi t ions  
it is n o t  to  be expected, t h a t  t h e  d i s c l i n a t i o n  l i n e s  a r e  
continuous through t h e  zero  po in t .  For a pure  nematic phase 
wi th  t h e  s p e c i f i e d  boundary condi t ions ,  a s t r a i g h t  d i s c l i n a t i c  
l i n e  is t o  be expected according t o  formula ( 2 )  and t h i s  w a s  
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ac tua l ly  observed running p a r a l l e l  t o  the d i rec t ion  i n  which 
t h e  g l a s s  plate was rubbed. 

The method of  d i r e c t  determination of the  h e l i x  ro t a t ion  
sense,  as described i n  t h i s  paper, can be used no t  only f o r  in- 
duced cho le s t e r i c  phases with r e l a t i v e l y  l a r g e  p i t ches  bu t  a l s o  
fo r  pure cho le s t e r i c  compounds (e.g. ZLI 996, p&-o.5kcm).  Due to 
the  s impl i c i ty  and ease with which documentary photographs can 
be produced, t he  method i s  especial ly  s u i t a b l e  for r e p e t i t i v e  
work e.g. t he  invest igat ion of  t h e  co r re l a t ion  between t h e  abso- 
l u t e  configuration of  c h i r a l  molecules and t h e  sense of t h e  
cho le s t e r i c  phases induced by them (6,8,11,13-15). 

F I G U R E  1 

P l o t  of t he  d i s c l i n a t i o n  l i n e s  f o r  a right-handed 
cho le s t e r i c  phase, calculated using formula ( 2 ) .  
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FIGURE 2 

D i s c l i n a t i o n  l i n e s  for  a r igh t -handed  c h o l e s t e r i c  phase  
( 2.16 gt.-% CB 15 i n  ROTN 403, p = 9.49pm,  R = 27 mm, 
t = 23 C ) .  The enlargement  factor i s  a d j u s t e d  to  f i g u r e  (l), 
so t h a t  t h e  spirals of f i g u r e  (1) and ( 2 )  are of e q u a l  s i z e .  

FIGURE 3 

D i s c l i n a t i o n  l i n e s  for a l e f t - h a n d e d  cholesteric phase  
( 1.02 ;t.-% ZLI 811 i n  ROTN 403, p = l O . O p m ,  R = 27 mm, 
t = 23 C). 
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