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THE RELATIONSHIP BETWEEN l iELICAL TWIST SENSE, ABSOLUTE 
CONFIGURATION AND MOLECULAR STRUCTURE FOR NON-STEROL 
CHOLESTERIC L I Q U I D  CRYSTALS 

G.W. GRAY A N D  D . G .  PlcDONNELL 
Depar tmen t  of C h e m i s t r y ,  The U n i v e r s i t y ,  H u l l ,  HU6 7RX 
Eng 1 and 

( S u b m i t t e d  f o r  p u b l i c a t i o n  6 t h  A p r i l ,  1 9 7 7 )  

A b s t r a c t  The h e l i c a l  r o t a r y  s e n s e s  f o r  a number o f  
n o n - s t e r o l  c h o l e s t e r i c  l i q u i d  c r y s t a l s  have  been 
d e t e r m i n e d  and  f rom t h e  r e s u l t s ,  a s i m p l e  r u l e  
r e l a t i n g  m o l e c u l a r  s t r u c t u r e ,  a b s o l u t e  c o n f i g u r a t i o n  
and  t w i s t  s e n s e  i s  p r o p o s e d .  The r u l e  h a s  been  used  
t o  p r e d i c t  c o r r e c t l y  t h e  h e l i c a l  t w i s t  s e n s e s  f o r  some 
new c h o l e s  t e r o g e n s .  

Many non-s t e r o l  c h o l e s  t e r o g e n s  are  now known y 2  9 i n  
which  t h e  o p t i c a l  a c t i v i t y  i s  p r o v i d e d  by t e r m i n a l  c h i r a l  
a l k y l  o r  a l k o x y  g r o u p s ,  and  t h e  i n f l u e n c e  of m o l e c u l a r  
s t r u c t u r e  , p a r t i c u l a r l y  t h e  p r o x i m i t y  o f  t h e  c h i r a l  c e n t r e  
t o  t h e  r i n g  s y s t e m ,  on t w i s t i n g  power ,  i . e . ,  on t n e  p i t c h  of 
c h o l e s t e r L c  l i q u i d  c r y s t a l ,  h a s  been  m e n t i o n e d .  ,* 

R e c e n t l y  w e  r e p o r t e d  t h e  s y n t h e s i s  and  p r o p e r t i e s  of a 
number of new c h o l e s t e r ~ g e n s ~  o f  g e n e r a l  s t r u c t u r e s  I-VII 
and b r i e f l y  r e f e r r e d  t o  t h e  c h o l e s t e r i c  h e l i c a l  t w i s t  s e n s e s  
of t h e s e  m a t e r i a l s  on t h e  b a s i s  of some p r e l i m i n a r y  measure- 
ments  and e x p e r i m e n t a l  o b s e r v a t i o n s .  

I 

(+)-CH CR CH-(CH2)n CN 
2 1  

CM 

21 I 
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212 G. W. GRAY and D. G. McDONNELL 

I1 

(+)-CH CH CH-(CH2)*-0 
2 1  

CH3 

111 

(+) -CH CH CH- ( CH2) 
21 

CH 3 

IV 

(+)-CH CH CH-(CH2) n CH2 C H 2 0  CN 
3 21 

CH3 

V 

(+)-CH CH CH-(CH2)n co. 0 (r> / \  C5H1 
3 2 1  

CH 

VI 

(+)-CH CH 21 CH-(CH2)n G C O . O W C N  

CH3 

V I I  

I n  t h e  above s t r u c t u r e s ,  n has  a s m a l l  i n t e g r a l  v a l u e ,  
e . g . ,  1, 2 ,  3. 

A l l  t h e  above compounds have now been s t u d i e d  u s i n g  
t h e  c o n t a c t  method5 and t h e i r  c h o l e s t e r i c  h e l i c a l  t w i s t  
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(‘HOLESIEKIC H E L I C A L  T\VIS1 SENSE 2 1 3  

s e n s e s  have been e s t a b l i s h e d .  A s  s t a n d a r d s  f o r  t h e  
e x p e r i m e n t s ,  c h o l e s t e r y l  c h l o r i d e ,  which i s  known6 t o  g i v e  
a c h o l e s t e r i c  phase w i t h  a r i g h t  handed h e l i c a l  r o t a t i o n  
( t y p e : d e x t r o ) ,  and c h o l e s t e r y l  m y r i s t a t e  ( t y p e : l a e v o )  were 
used.  

When t h e  i n t e r f a c e  of two c h o l e s t e r i c  p h a s e s  w i t h  t h e  
same h e l i c a l  s e n s e s  was observed m i c r o s c o p i c a l l y ,  no 
d i s c o n t i n u i t y  i n  t h e  t e x t u r e  was v i s i b l e ,  i . e . ,  a con t inuous  
c h o l e s t e r i c  t e x t u r e  was observed ( F i g .  l a )  from l e f t  t o  
r i g h t  a c r o s s  t h e  f i e l d  o f  view. However, when t h e  h e l i c a l  
t w i s t  scnscs  were o p p o s i t e ,  a narrow band of  nemat i c  t e x t u r e  
was obse rved  ( F i g .  l b )  s e p a r a t i n g  two c h o l e s t e r i c  r e g i o n s .  

Interface Interface 0 a I 

Continuous Band of 
Cholesteric texture Nematic texture 

(a 1 (b) 

FIGURE 1 F i e l d  of view i n  t h e  c o n t a c t  method i n  t h e  
neighbourhood of t h e  i n t e r f a c e  between ( a )  two c h o l e s t e r i c  
phases  (ChA and ChB) of i d e n t i c a l  h e l i c a l  s e n s e s  and 
(b )  two c h o l e s t e r i c  phases  (ChA and ChC) of o p p o s i t e  h e l i c a l  
s e n s e s .  

The r e s u l t s  o b t a i n e d  i n  t h i s  way f o r  15 compounds w i t h  
s t r u c t u r e s  I-VII i n d i c a t e d  t h a t  when t h e  p o i n t  of c h i r a l i t y  
was a t  an even number o f  atoms‘k from t h e  r i n g  sys t em,  then  
t h e  c h o l e s t e r i c  phases  were d e x t r o  i n  t y p e ,  and c o n v e r s e l y ,  
when t h e  c h i r a l  c e n t r e  was a t  a n  odd number of atoms* from 

A These atoms may be e n t i r e l y  c a r b o n s ,  o r  i n  t h e  
c a s e  of compound 11, ca rbons  and oxygen, e t c .  

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
 0

5:
48

 2
3 

Fe
br

ua
ry

 2
01

3 



214 G .  W. G R A Y  and I). G. McDONNELL 

t h e  r i n g  sys t em,  t h e  c h o l e s t e r i c  phases  were l a e v o  i n  type .  
S i n c e  a l l  of  t h e  m a t e r i a l s  examined were s y n t h e s i s e d  from 
(-)-2-methylbutan-l-o1, 2 (+)-2-methylbutyl  bromide,  bo th  
of which have t h e  a b s o l u t e  c o n f i g u r a t i o n  S , 7  by r e a c t i o n s  
which would n o t  i n v e r t  t h e  c o n f i g u r a t i o n  a t  t h e  c h i r a l  
c e n t r e ,  t h e n  a l l  t h e  c h o l e s t e r o g e n s  c a n  a l s o  be a s s i g n e d  t h e  
S c o n f i g u r a t i o n .  S ince  enan t iomers  g i v e  c h o l e s t e r i c  phases  
w i t h  o p p o s i t e  h e l i c a l  t w i s t  s e n s e s  ,* w e  can t h e r e f o r e  
propose t h e  f o l l o w i n g  r u l e  expres sed  a s  p e r m i s s i b l e  
combina t ions  of t h r e e  l e t t e r s  d e f i n e d  below. 

Right-handed cho le s  t e r i c  Left-handed c h o l e s t e r i c  
he1 i c e s  h e l i c e s  

S E D  S O L  

R O D  R, E L 

where : 

S and R r e f e r  t o  the  a b s o l u t e  c o n f i g u r a t i o n  a t  t h e  
c h i r a l  c e n t r e  and n o t  t o  t h e  s i g n  of t h e  
o p t i c a l  r o t a t i o n  measured u s i n g  a 
po l a r  i m e  t e r  . 

D and L r e f e r  t o  t h e  s e n s e s  of  h e l i c a l  r o t a t i o n ,  
d e x t r o  and l aevo  r e s p e c t i v e l y ,  of t he  
c h o l e s t e r i c  phases .  

E and 0 r e f e r  t o  the  p o i n t  of  asymmetry b e i n g  a t  an 
even o r  odd number of  atoms from the  r i n g  
system. 
- - 

I f  we c o n s i d e r  t h e  compound w i t h  s t r u c t u r e  VIII below, 
w e  can now t e s t  t h e  a p p l i c a b i l i t y  of t h e  r u l e  when the  
c h i r a l  c e n t r e  has  an environment w i t h  r e s p e c t  t o  the  r i n g  
system which i s  d i f f e r e n t  from t h a t  i n  compounds I -VII .  

V I I I  

* 
CO. OCH CHCH2CH3- (+) 

21 
CH CH CHCH2 

21  
CH 3 CH 3 

* Cenotes  t h e  s i n g l e  a s y m n e t r i c  c e n t r e  i n  t h e  
mo lecu le ;  t h e  e s t e r  was made from t h e  racemic 
mod; f i c a t  i on  of 4 ' - ( 2"-me t hy 1 bu t  y 1 ) b ipheny 1-4- 
c a r b o x y l i c  a c i d .  
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CHOLESTERIC HELICAL TWIST SENSE 215 

C - I ,  -4'; V i r t u a l  Ch-I, -70' 
P i t c h  f o r  a 30 Z (w/w) s o l u t i o n  i n  a m i x t u r e  of 
MBBA/TBBA = 3.1 pm. 

We know t h a t  t h e  a b s o l u t e  c o n f i g u r a t i o n  of t h e  
molecule  i s  S ,  s i n c e  (-)-2-methylbutan-l-ol w a s  used t o  
p r e p a r e  t h e  es ter ,  and t h a t  t h e  c h i r a l  c e n t r e  i s  a t  an even 
number of atoms ( f o u r )  from t h e  r i n g  system. T h e r e f o r e  t h e  
c h o l e s t e r i c  h e l i c a l  s e n s e  must be d e x t r o .  T h i s  i s  i n  f a c t  
what i s  found e x p e r i m e n t a l l y .  

Thus t h e  r u l e  can b e  used t o  p r e d i c t  one unknown 
v a l u e  i f  any  two of t h e  above t h r e e  q u a n t i t i e s  are  known. 
The r u l e  can a l s o  exp1ai.n a p p a r e n t  d i s c r e p a n c i e s  i n  
c h o l e s t e r i c  p i t c h  l e n g t h s  when a second ch i r a l  c e n t r e  i s  
i n t r o d u c e d  i n t o  a c h o l e s t e r o g e n  - see compounds I X  and X 
below. 

IX 

C-SB, 66 ' ;  SB-SA, 77.3';  SA-Ch, 133.9'; Ch-I, 156O 
P i t c h  = 2.6 pm f o r  a 10% (w/w) s o l u t i o n  i n  

4-n-pentyl-4 ' -cyanobiphenyl (5CB) 

X 
* 

CH CH CHCH20  
2 1  

CH3 

C-SA, 87.8'; (SC-SA, 85.3'); SAYCh, 123.4'; Ch-I, 144.5O 
P i t c h  f o r  a 10% (w/w) s o l u t i o n  i n  5 C B  = 4.6 pm 

Compound IX, which h a s  o n l y  one c h i r a l  c e n t r e ,  h a s  a 
s m a l l e r  c h o l e s t e r i c  p i t c h  l e n g t h  than  t h e  c h o l e s t e r i c  phase 
of compound X ,  which c o n t a i n s  two c h i r a l  c e n t r e s .  

However, t h i s  r e s u l t  i s  u n d e r s t a n d a b l e  when one c o n s i d e r s  
t h a t  t h e  (+)-2-methylbutyloxy group i s  S 0 L ,  w h i l e  t h e  
(+)-2-methylbutyl  group i s  S E D .  There i s  t h e r e f o r e  a 
c a n c e l l i n g - o u t  e f f e c t .  S ince  t h e  (+)-2-methylbutyl group 
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216 G .  W. GRAY and D. G .  McDONNKLL 

(S E D) h a s  t h e  g r e a t e r  t w i s t i n g  power, t h e  n e t  h e l i c a l  
t w i s t i n g  s e n s e  i s  r ight-handed ( t y p e  : d e x t r o )  f o r  t h e  
c h o l e s t e r i c  phase.  
o b s e r v a t i o n s .  

This  a g r e e s  w i t h  t h e  e x p e r i m e n t a l  

Our r e s u l t s  f o r  compounds 1-111 have a l s o  been 
conf inned9 f o r  t h e i r  low c o n c e n t r a t i o n  s o l u t i o n s  i n  wide 
r a n g e ,  nemat i c  l i q u i d  c r y s t a l  eutect ics ' ,Osuch a s  E,, used i n  
t w i s t e d  nemat i c  d i s p l a y  d e v i c e s .  I t  i s  of  c o u r s e  important  
t h a t  t h e  h e l i c a l  t w i s t  s e n s e  of c h o l e s t e r i c  a d d i t i v e s  used 
f o r  t h e  p r e v e n t i o n  of a r e a s  of r e v e r s e  t w i s t  shou ld  b e  t h e  
same as t h e  p r e f e r r e d  s e n s e  of  t h e  q u a r t e r  h e l i x  of t h e  
d e v i c e ;  t h e  s e n s e  of t h i s  q u a r t e r  h e l i x  i s  determined by 
s u r f a c e  f o r c e s  o r i g i n a t i n g  from molecu le s  a d h e r i n g  t o  t h e  
g l a s s  s u r f a c e s  a t  a low t i l t  ang le .  T h e r e f o r e  we  hope t h a t  
t h e  e m p i r i c a l  r u l e  w e  have developed w i l l  s e r v e  a s  a u s e f u l  
gu ide  t o  t h e  c h o i c e  of  n o n - s t e r o l  c h o l e s t e r o g e n s  f o r  
d i s p l a y  d e v i c e  a p p l i c a t i o n .  

of 

1 

2 

3 

4 

5 

6 

7 

8 

Acknowledgement The a u t h o r s  thank  t h e  U . K .  M i n i s t r y  
Defence f o r  a r e s e a r c h  g r a n t .  

Re fe rences  

G . W .  Gray and D.G. McDonnell, E l e c t r o n  L e t t . ,  11, 
556 ( 1 9 7 5 ) .  

M. Tsukamoto, T. Ohtsuka,  K. Morimoto and Y .  Murakawi, 
J a p .  J. Appl. Phys . ,  1 4 ,  9 (1975) .  

B . H .  Klanderman and T . R .  C r i s w e l l ,  J . A . C . S .  , 9 7 ,  1585 
(1975) .  

G.W. Gray and D.G. McDonnell, Mol. C r y s t .  L iq .  C r y s t . ,  
3 7 ,  189 ( 1 9 7 6 ) .  

J.  B i l l a r d ,  C. R. Acad. S c i . ,  P a r i s ,  274B, 333 (1972) .  

G. F r i e d e l ,  Ann. Phys ique ,  18,  273  ( 1 9 2 2 ) ;  H .  B a e s s l e r  
and M.M. Labes ,  J.  Chem. Phys.  , 5 2 ,  631  ( 1 9 7 0 ) .  

C. D j e r a s s i  and L.E.  G e l l e r ,  J.A.C.S., 81, 2784 (1959) .  

M. L e c l e r c q ,  J.  B i l l a r d  and J .  J a c q u e s ,  Plol. C r y s t .  
Liq.  C r y s t .  , 8 ,  367 ( 1 9 6 9 ) .  

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
 0

5:
48

 2
3 

Fe
br

ua
ry

 2
01

3 



CIIOLLSTLRIC IILLI(’AL TWIST SENSl 217  

E.P .  Raynes,  RSRE, Malvern,  England,  p r i v a t e  
communication. 

l o  B . D . H .  P u b l i c a t i o n ,  L iqu id  C r y s t a l s ,  1975;  
B . D . H .  C n e m i c a l s  L imi t ed ,  Broom Road, P o o l e ,  England. 

- Note: S i n c e  t h i s  m a n u s c r i p t  was completed,  d i s c u s s i o n s  
w i t h  P r o f e s s o r  J B i l l a r d  have r e v e a l e d  t h r e e  f u r t h e r  
i n s t a n c e s  i n  which t h e  e m p i r i c a l  r u l e  a p p l i e s  ( i n c l u d i n g  
an example of EL). However, one e x c e p t i o n  t o  t h e  r u l e  h a s  
a r i s e n  and w i l l  r e q u i r e  e x p e r i m e n t a l  checking.  D e s p i t e  t h i s ,  
we f e e l  t h a t  i t  i s  wor thwhi l e  t o  s t a t e  t h e  e m p i r i c a l  r u l e  i n  
p r i n t ,  as t h i s  may encourage t h e  p u b l i c a t i o n  of  f u r t h e r  
r e s u l t s  which w i l l  accumulate  more i n f o r m a t i o n  c o n c e r n i n g  
t h e  g e n e r a l  v a l i d i t y  of t he  r u l e ,  o r  i t s  l i m i t a t i o n s .  
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