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A CHIRAL SMECTIC B PHASE 

D. COATES AND G . W .  GRAY 
Department of Chemistry, The Univers i ty ,  Hul l ,  HU6 
7RX, England 

(Submitted f o r  pub l i ca t ion  Apr i l  18, 1976) 

Abs t rac t  Tereph thalyl idene-bis-  ((+) -4 ' -methylhexyl- 
oxy)an i l ine ,  a c h i r a l  analogue of TBBA has  been pre- 
pared. The compound forms a c h i r a l  smect ic  C phase. 
and, a t  a lower temperature,  a t i l t e d  smectic B phase. 
Evidence i s  presented  which shows t h a t  t he  S phase., 

B c o n s i s t i n g  of ordered l a y e r s ,  is a l s o  c h i r a l .  

In t roduc t ion  The b i a x i a l  na tu re  of  il smectic C ( S c )  
l i q u i d  c r y s t a l  is due t o  t h e  t i l t  of t h e  long axes  of the 
molecules wi th  r e spec t  t o  t h e  p lanes  of t he  smect ic  l a y e r s .  
Theore t i ca l  cons ide ra t ions  by Saupel p red ic t ed  that i f  tbe 
molecules were o p t i c a l l y  a c t i v e ,  t h e  t ilt  d i r e c t i o n s  would 
s p i r a l  about a d i r e c t i o n  normal t o  t h e  l a y e r  p lanes  on pass- 
i n g  through a series of l aye r s .  This p r e d i c t i o n  w a s  ve r i -  
f i e d  exper imenta l ly  i n  1971 by He l f r i ch  and Oh2 f o r  an 
o p t i c a l l y  a c t i v e  compound t h a t  gave a Sc phase. 
f i l m  of t h i s  c h i r a l  Sc phase,  p ressed  out  t o  form t h e  equi- 
v a l e n t  of t h e  non-chiral  Sc s c h l i e r e n  t e x t u r e ,  i .e.,  w i th  
t h e  l a y e r s  p a r a l l e l  t o  t h e  g l a s s  s u r f a c e s ,  showed o p t i c a l  
a c t i v i t y  and r o t a t o r y  d ispers ion .  For convenience i n  t h i s  
communication, w e  refer t o  t h i s  t e x t u r e  as a p l ana r  S 
t e x t u r e .  

Also i n  1971, Levelut  and Lambert3 showed t h a t  t h e  
smectic B (S ) phase which occurs  on cool ing  t h e  S phase 
of the n o n - c t i r a l  compound, terephthalylidene-bis-g-n-butyl- 
a n i l i n e  (TBBA), is  t i l t e d  and b i a x i a l .  Indeed, i t  is  now 
accepted t h a t  any SB phase occurr ing  on cool ing  a S 
w i l l  be  t i l t e d .  

pound showed a t i l t e d  SB phase,  then  t h a t  phase might a l s o  
Lnvolve a h e l i c a l  d i s t r i b u t i o n  of t h e  tilt d i r e c t i o n s  and 

A t h i n  

C 

phase C 

W e  reasoned t h e r e f o r e  t h a t  i f  an o p t i c a l l y  a c t i v e  com- 

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

6:
09

 2
3 

Fe
br

ua
ry

 2
01

3 



COATES AND GRAY 2 

be o p t i c a l l y  a c t i v e  i n  t h e  same manner a s  a c h i r a l  Sc 
phase, except  t h a t  t h e  molecules wi th in  each l a y e r  would 
be hexagonally packed. However, t h e  i n t e r l a y e r  fo rces  
opera t ing  i n  t h e  more viscous SB phase are probably more 
e f f e c t i v e  i n  g iv ing  s t r u c t u r a l  c o r r e l a t i o n s  over a number 
of l a y e r s  than those  I n  t h e  higher  entropy Sc phase. I f  
t h e  fo rces  causing these  c o r r e l a t i o n s  tend t o  cons t r a in  t h e  
system t o  adopt a uniform tilt  d i r e c t i o n ,  then t h e  c h i r a l  
fo rces  may not  be s t r o n g  enough t o  overcome them and al low 
a s p i r a l  t w i s t  of t he  tilt d i r e c t i o n s  t o  propagate through 
a s t a c k  of l a y e r s .  A s  t h e s e  p o s s i b i l i t i e s  had n o t  h i t h e r t o  
been i n v e s t i g a t e d ,  w e  prepared an o p t i c a l l y  a c t i v e  analogue 
of TBBA which gave a t i l t e d  SB phase on cool ing i t s  Sc 
phase. The o p t i c a l  p rope r t i e s  of t he  S and S phases are 
now descr ibed.  

4'-methylhexyloxy)aniline (TBMHA) has  t h e  cons tan ts ,  C-SB, 

c h o l e s t e r i c  phase t ransforms i n t o  and forms from t h e  i so-  
t r o p i c  l i q u i d  via elongated,  banana-shaped p a r t i c l e s 4  similar 
t o  batonnets .  The c h o l e s t e r i c  t e x t u r e  (plane o r  ' foca l -  
conic ' )  changes on cool ing i n t o  a Sc t gx tu re  usua l ly  con- 
s i s t i n g  of both coloured,  p lanar  areas and focal-conic  a reas .  
The focal-conic  reg ions  are crossed by pronounced b lack  
l i n e s  which pass  cont inuously from one fan-l ike area t o  
anotber. These pe r iod ic  l i n e s  a r e  very  d i f f e r e n t  i n  appear- 
ance from t h e  concen t r i c  arcs (or  bands) of a smectic E fan 
texture5.  The spac ing  of these  l i n e s  i s  presumably r e l a t e d  
t o  t h e  p i t c h  o r  ha l f -p i t ch  of the  h e l i c a l  s t r u c t u r e .  More- 
over ,  t h e  observed spac ing  w i l l  be a func t ion  of t h e  or ien-  
t a t i o n  of a p a r t i c u l a r  focal-conic  domain r e l a t i v e  t o  the  
g l a s s  su r face  on which the  microscope i s  focused. I f  the  
spacing is  t o  g ive  a measure of  t h e  a c t u a l  p i tch- length ,  i t  
i s  the re fo re  necessary  t o  range over  t h e  prepara t ion  and 
measure the  maximum l i n e  spacing. A t  t he  high temperature 
a t  which t h i s  Sc phase e x i s t s ,  an accu ra t e  measurement of 
t he  sepa ra t ion  of t hese  l i n e s  i s  q u i t e  d i f f i c u l t ,  bu t  w e  
estimate t h e  p i t c h  l eng th  t o  be about 4 . 6 ~ .  

The coloured,  p l ana r  Sc areas do no t  become e x t i n c t  
between crossed  p o l a r i s e r s  on r o t a t i o n  of t h e  sample, ind i -  
ca t ing  t h a t  t h e  o p t i c  a x i s  i s  p a r a l l e l  t o  t h e  d i r e c t i o n  of 
viewing. However, t hese  a r e a s  do give e x t i n c t i o n  i n  mono- 

C B 

Resu l t s  and Discussion Terephthalylidene-bis-4-((+)- 

144'; SB-Sc, 160.4'; SC-Ch, 207.6'; Ch-I, 224.5'. The 

chromatic l i g h t  when t h e  ana lyser  is r o t a t e d ,  showing t h a t  
t h e  phase i s  indeed o p t i c a l l y  ac t ive .  C When t h e  c h i r a l  S 
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A CHIRAL SMECTIC B PHASE 3 

phase is  a g i t a t e d  mechanically,  t h e  coloured,  p l ana r  tex- 
t u r e  is  adopted uniformly over  t h e  f i e l d  of view, bu t  does 
n o t  e x h i b i t  cho le s t e r i c - l i ke  peacock co lours  because t h e  
p i t c h  is  too  long. He l f r i ch  and Oh2 d id  no t  quote  a p i t c h  
l eng th  f o r  t h e i r  S phase. However, us ing  t h e i r  o p t i c a l  
r o t a t i o n s  and t h e  $e Vries' equa t ion ,  and assuming a plaus- 
i b l e  va lue  f o r  t h e  b i r e f r ingence  of a l a y e r  f o r  normally 
inc iden t  l i g h t ,  D r .  N.H. Hartshorne has  c a l c u l a t e d  t h e  
p i t c h  of t h e i r  c h i r a l  Sc phase t o  be about 3.21.1. Again 
t h i s  p i t c h  is too  g rea t  t o  g ive  s e l e c t i v e  r e f l e c t i o n  of 
v i s i b l e  l i g h t .  

Despi te  t h e  uni formi ty  of t h e  p l ana r  S t e x t u r e  of 
TBMHA, an o p t i c  s i g n  could not  be obta ined  gor  t h e  phase. 
Indeed, when phase diagrams f o r  mixtures  of TBMHA (Ch-SC-SB) 
wi th  e i t h e r  TBBA (N-SA-S,;SB-S,)6 o r  wi th  n-butyl 4 - ( 4 ' -  
methsxybenzy1ideneamino)cinnamate (N-SA-SB) were cons t ruc ted ,  
t h e  dA-Sc t r a n s i t i o n s  were c h a r a c t e r i s e d  by a change from 
a homeotropic SA t e x t u r e  g iv ing  a p o s i t i v e ,  u n i a x i a l  i n t e r -  
f e rence  f i g u r e  t o  a coloured,  p l ana r  Sc t e x t u r e  showing no 
i n t e r f e r e n c e  f igu re .  These phase diagrams showed t h a t  TBMHA 
e x h i b i t s  c h o l e s t e r i c ,  Sc and SB phases ,  and a l s o  t h a t  t h e  
compound has  s t r o n g  l a t e n t  S tendencies. A 

C SB phase,  a mosaic t e x t u r e  r e s u l t s ,  i r r e s p e c t i v e  of t he  S 
t e x t u r e .  The mosaic a r e a s  a r e  s m a l l  compared wi th  those 
given by non-chiral ,  t i l t e d  SB phases .  I n  t h e  mosaic tex- 
t u r e  of t h e  t i l t e d  SB phase of TBBA, t h e  molecules l i e  i n  
f l a t  l a y e r s  whose p lanes  are i n c l i n e d  a t  va r ious  angles  t o  
t h e  g l a s s  su r faces .  However, none of t h e  mosaic areas of 
TBBA appear  t o  involve  an arrangement of t h e  molecules 
or thogonal  t o  the  g l a s s ,  i .e . ,  no a r e a s  are homeotropic. 
When the  sample i s  r o t a t e d ,  t h e  mosaic areas simply pass  
through e x t i n c t i o n  p o s i t i o n s  every  90 . However, wi th  t h e  
mosaic t e x t u r e  of t h e  SB phase of TBMHA, although a few 
a r e a s  simply change co lour  a l i t t l e ,  most a r eas  do show 
e x t i n c t i o n  every 90 . It seems then t h a t  none of the  
mosaic a r e a s  c o n s i s t  of l a y e r s  s t r i c t l y  p a r a l l e l  t o  t h e  
g l a s s ,  and because of  t h i s  t h e  o p t i c a l  r o t a t o r y  power could 
no t  be examined. The mosaic t e x t u r e  of t h e  SB phase i s  
very  v iscous ,  and p res su re  and a g i t a t i o n  f a i l  t o  change 
i t  to  a t e x t u r e  i n  which t h e  l a y e r s  l i e  p a r a l l e l  t o  t h e  
g l a s s  su r faces .  Even wi th  d i f f e r e n t  t rea tments  and c leaning  
procedures  f o r  t h e  g l a s s  s u r f a c e s ,  t h e  mosaic S t e x t u r e  
s t i l l  formed, and t h e  phase has  no t  been seen i n  any o the r  
t e x t u r e .  

When t h e  c h i r a l  Sc phase of TBMHA i s  cooled t o  give the 
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COATES AND GRAY 4 

However, when m i s c i b i l i t y  experiments w e r e  c a r r i e d  
out  on TBMHA, i t  w a s  found t h a t  f o r  concent ra t ions  of 
TBBA >lo%,  the  SB t e x t u r e s  obtained from tlre p l ana r ,  c h i r a l  
SC t e x t u r e s  of t he  mixtures  w e r e  a l s o  p lanar  and exhib i ted  
the  same p r o p e r t i e s  a8 those of the  p lanar ,  c h i r a l  Sc 
phase, i .e . ,  o p t i c a l  a c t i v i t y  was shown. Also, when n-butyl 
4-(4'-methoxybenzylideneamino)cinnamate w a s  t h e  d i l u e n t ,  
then i n  the  reg ion  of t h e  phase diagram where d i r e c t  SA-SB 
changes occurred (<70% TBMHA), a change from a b lack  homeo- 
t r o p i c  SA t e x t u r e  ( o p t i c a l l y  p o s i t i v e  un iax ia l )  t o  a 
coloured,  o p t i c a l l y  a c t i v e ,  p l ana r  S t e x t u r e  occurred. 

Thus, even though pure TBMHA does not  e x h i b i t  a SB 
t ex tu re  i n  which o p t i c a l  a c t i v i t y  can be observed, mixtures 
of t h i s  SB phase wi th  e i t h e r  or thogonal  o r  t i l t e d  SB phases 
produce p l ana r  t e x t u r e s  which show o p t i c a l  a c t i v i t y .  There- 
f o r e ,  even f o r  t hese  d i l u t e d ,  more weakly o p t i c a l l y  a c t i v e ,  
t i l t e d  SB phases ,  t he  c h i r a l  cen t r e s  i n  the  molecules of a 
given l a y e r  can in f luence  t h e  tilt  d i r e c t i o n s  of  t he  mole- 
cu les  i n  neighbouring l a y e r s ,  producing a h e l i c a l  d i s t r i b u -  
t i o n  o f  t h e  tilt d i r e c t i o n s  which propagates through t h e  

B bulk phase of s t r u c t u r e d  SB l aye r s .  
phase is t h e r e f o r e  capable of existence. 

B 

A c h i r a l ,  t i l t e d  S 
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