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H E L I C A L  T W I S T I N G  POWERS OF S T E R O I D A L  MOLECULES 

I N  A R O M A T I C  N E M A T I C  L I Q U I D  C R Y S T A L S  

by Marcel HIBERT and Guy SOLLADIE 

Laboratoire & Ste're'ochimie de Z 'EeoZe Nationale Sup& 
rieure de Chimie, ERA DU CNRS n o  687, Universite' 
Louis Pasteur - B.?. 296/R8 - 67008 STRASBOURG - 
France. 
(Submitted for  Publication February 2 ,  1981) 

AbbaacA: 

TwL5;ting poweu 0 6  b ~ Q h O i d d  m u l e d a  wem 
bh0L.W t o  be a p)rop&y nz'xongly dependent 0 6  t h e  
Mematic h&UA&e. The Z w h Z  handednab 06 4-cyan0 
4 ' -n-pentyl  biphenyl b y  c h o l a X a g l  dehivat iva appeahf, 
,to be cu&uUed by Xhe b&4.ic cznvhonment 04 btetcaid 
cmbu n- 3. 

In s p i t e  o f  numerous publ icat ions on the tw i s t ing  
powers of o p t i c a l l y  ac t ive  molecules i n  nematic l i q u i d  
c r y s t a l s  (1-13), there  is s t i l l  a lack of a general re la-  
t ionship between molecular s t ruc tu re  and h e l i c a l  t w i s t .  
The recent  works of Korte (14 )  and G o t t a r e l l i  (15,161 
showed t h a t  there  i s  indeed no simple general r e l a t ion -  
ship between the absolute configuration of the doping 
m l e c u l e  and the handedness of the t w i s t .  

I n  this paper, we r epor t  a study of the twist ing 
powers of cho le s t e ry l  alkanoates as w e l l  a s  some o t h e r  
s t e r o i d  der ivat ives  i n  an aromatic nematic l i q u i d  c r y s t a l  : 
4-cyano 4'-n-pentylbiphenyl (PCB) . 

The h e l i c a l  pi tches  p of the cho le s t e r i c  phase ob- 
ta ined by doping PCB with these s t e r o i d a l  molecules as  
well  a s  the handedness of the macrostructure were deter-  
mined e i t h e r  by the droplets  method o r  by the Grandjean- 
Can0 Wedges method (13 ,  1 7 ,  18) .  

21 1 

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

3:
29

 2
3 

Fe
br

ua
ry

 2
01

3 



212 M. HIBERT and G. SOLLADIE 

TABLE I 

T w i s t i n g  Powers  of Cholesterol esters i n  PCB 

n 

2 
3 
4 
5 
6 
7 
8 
9 

l o  
1 4  
1 6  

a 
B 

- 6 . 5  
- 5 . 4  
- 5 . 1  
- 5 . 1  
- 4 . 8  
- 4 . 7  
- 4 . 5  
- 4 . 5  
- 4 . 4  
- 3 . 9  
- 3 . 7  

~- 
b 

B M  

- 1 1 . 3  
- 9 . 7  
- 9 . 4  
- 9 . 5  
- 9 . 4  
- 9 . 4  
- 9 . 2  
- 9 . 6  
- 9 . 5  
- 9 . 3  
- 9 . 1  

X 

H 
P-F 
p - c 1  
p-Br 
P - N 0 2  
p-CN 
p-Me 
m-OMe 
p-OMe 
p - tBu  
P-NH2 

B a  

-5 .o  
- 4 . 4  
- 4 . 3  
-4  .o 
- 4 . 5  
- 3 . 6  
- 4 . 5  
- 4 . 7  
- 4 . 5  
- 4 . 0  
- 1 . 9  

b 
B M  

- 9 . 9  
- 9 . 0  
- 9 . 1  
- 9 . 2  
- 9 . 7  
- 7 . 5  
- 9 . 1  
- 9 . 9  
- 9 . 3  
-8 .8  
-4  . o  

a )  f3 = l / p . c ,  d e t e r m i n e d  from t h e  s l o p e s  o f  
t h e  e x p e r i m e n t a l  c u r v e s  l / p  = f ( c ) ,  p ex- 
p r e s s e d  i n  m i c r o n s  a n d  c i n  g / g  - A n e g a t i v e  
s i g n  i n d i c a t e s  a l e f t  h a n d e d  h e l i x .  

c )  B, = 8 .  1. /%I , molecular twist ing power, M and D 
b$ being tfle molecular weights of the doping molecult 
and the nematic (13) D
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TWISTING POWERS OF STEROIDS 213 

The comparison o f  our  r e s u l t s ,  l i s t e d  i n  Table I ,  t o  
those obtained by Baessler and Labes (8)  from the same cho- 
l e s t e r y l  alkanoates but  dissolved i n  a compensated nematic 
(cholesteryl  myristate and chloride i n  the r a t i o  : 1.00/ 
1.75) , lead t o  several  comments : 

- a weak va r i a t ion  of the values i n  our case (from 
9 t o  11) i n  sharp con t r a s t  w i t h  the r e s u l t s  i n  the com- 
pensated nematic (from +2 t o  - 7 . 5 ) .  These twist ing powers 
a re  i n  both cases considerably smaller than i n  o the r  nema- 
t i c s  : cholesteryl  myristate (n = 14)  showed aB = -25 .2  
i n  MBBA and -16.7 i n  MBAB (18) .  Therefore the s t rong depen- 
dence of  the twist ing power of a given molecule on the 
nematic s t ruc tu re  i s  once again f u l l y  demonstrated (13,18) . 

M 

- i n  the compensated nematic, Baessler and Labes 
observed t h a t  the twist ing power increased with the e s t e r  
chain length till n = 6 .  In our case,  we observed the 
reverse : decreased from n = 2 t o  n = 3 w i t h  no s ign i -  
f i c a n t  va r i a t ion  with a fu r the r  lengthening of the chain. 

Therefore, the e s t e r  chain length does not contribute 
t o  the t w i s t  of  PCB, r e s u l t  ru l ing  out,  a t  l e a s t  i n  our 
case, the model proposed by Baessler and Labes i n  which 
the handedness of the t w i s t  was supposed t o  be the r e s u l t  
of the lever  arm made by t h i s  s ide chain i n  a pecu l i a r  
conformation. 

The second set  of r e s u l t s  l i s t e d  i n  Table I showed 
i n  addition t h a t  i n  the case of subs t i t u t ed  cholesteryl  
benzoates, the aromatic p a r t  of  the molecule appears t o  
have no s i g n i f i c a n t  contribution t o  the t w i s t ,  whatever 
was the subs t i t uan t  on the aromatic r ing ,  with however two 
exceptions : a p-cyano group and a p-amino group, the l a t t e r  
giving qu i t e  s i m i l a r  r e s u l t s  t o  cholesterol  i t s e l f  and 
cholesteryl  chloride (Table 11). 

We observed a l s o  t h a t  f3 decreased sharply and l i nea r -  
M 

l y  i n  going from an acetate  group t o  a t r i ch lo roace ta t e  one 
(Table 11) as probably the r e s u l t  of the strong negative 
dipole moment introduced by the chlorine atoms. 

We a l s o  not iced t h a t  a n  iodine atom increased s igni-  
f i c a n t l y  8, w i t h  respect t o  a chlorine atom. 
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214 M. HBERT and G. SOLLADIE 

TABLE: I1 

misting P m r s  of cholesteryl derivatives in PCB 

OCOCH2C 1 

OCOCHCl 

csocc1 
L 

a) OTHP = 0-tetrahydropyranyl . 

, 

R 

OH 

OCOCH3 

F ina l ly  the aromatic nature of  PCB and i t s  a b i l i t y  
t o  give charge t r a n s f e r  complexe in t e rac t ions  prompted us 
to  inves t iga t e  subs t i t u t ed  aryl-3 cholestadienes a s  doping 
molecules (Table 111) 

I f  the induced h e l i c i t y  i s  s t i l l  left-handed i n  the 
case of  3-(0-tolyl)  -cholestadiene , it  changes d r a s t i c a l l y  
t o  a right-handed i n  the o the r  cases, behavior already 
noticed i n  MBBA and MBAB. Therefore, the coplanarity of the 
aromatic r i n g  and the double bonds seems t o  be an important 
f ac to r .  
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b 

TABLE I11 

Twisting Powers of  aryl-3 cholestadienes i n  aromatic 
ne ma t i cs 

R 

@ke 
t d e . G  

M e Q G  
R 

a )  r e s u l t s  from (18) I MBBA = p-methoxybenzylidbe p-n- 
butylani l i n e  

b) r e s u l t s  from (18) I MBBA = p-&thoxy p-n-butyl azoxy- 
benzene. 

’M 8 ,  ” b 
i n  PCB i n  M B B A ~  i n  MBAB 

-3.2 -1.7 -2.7 

+6.8 +12 +5.1 

+8.1 +15.6 +2.7 

I J 

+ 0.7 

In  conclusion t o  t h i s  study, w e  can refute  the conclu- 
ding remarks of Baessler and Labes claiming that the t w i s -  
t i n g  power was a molecular property independent of the 
matrix. I t  i s  indeed the r e s u l t s  o f  solute-solvent i n t e r -  
act ions and as  so strongly Gependent of the l i q u i d  crys- 
t a l l i n e  matrix. 

+3.1 

In  the case of PCB and s t e r o i d a l  solutes ,  the molecu- 
l a r  packing appears to be control led,  a t  l e a s t  i n  p a r t ,  by 
the steric environment of carbon-3 : a 3 5  subs t i t uen t  
a s  well  as an aromatic r ing  non-coplanar with the double 
bonds of cholestadiene gives a l e f t  handed h e l i x .  The pola- 
r i t y  of the subs t i t uen t  i s  probably one of the f ac to r s  
control ing the t w i s t  amplitude. 

Acknowledgments. One of us ( M . H . )  thanks the Centre 
National de l a  Recherche Scient i f ique f o r  a fellowship and 
Societi. Hoffmann-La Roche ( B a s e l )  i s  g ra t e fu l ly  acknowled- 
ged f o r  providing us a large amount of PCB. D
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216 M. HIBERT and G. SOLLADIE 
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