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DIPOLE MOMENTS AND THE SMECTIC C PHASE 

J . W .  GOODBY, G.W. GRAY AND D.G. McDONNELL 
Department of Chemistry,  The U n i v e r s i t y ,  H u l l ,  HU6 7RX, 
Eng 1 and 

(Submit ted f o r  p u b l i c a t i o n  6 t h  A p r i l ,  1977)  

A b s t r a c t  Cur ren t  t h e o r i e s  of t h e  s m e c t i c  C phase 
depend p r i m a r i l y  on t h e  p re sence  of  d i p o l e  moments. 
However, c e r t a i n  mesogens have now been p repa red  which 
s u g g e s t  t h a t  an a l t e r n a t i v e  view r e l a t i n g  t o  t h e  o r i g i n  
of t h e s e  t i l t e d  l a m e l l a r  phases  w i l l  have t o  be 
c o n s i d e r e d .  

I n t r o d u c t i o n  U n t i l  r e c e n t l y ,  t h e  McMillan Theory1 of 
t h e  s m e c t i c  C phase had been wide ly  a c c e p t e d ,  a l t h o u g h  t h e r e  
were some anomal i e s2 ;  fu r the rmore ,  over  t h e  p a s t  two y e a r s ,  
t h e  p r e p a r a t i o n  of new mesogens3 h a s  c a s t  f u r t h e r  doubt  over  
t h e  theo ry .  The McMillan model i s  dependent  on t h e  molecu le s  
h a v i n g  two l a r g e ,  o p p o s i t e l y  d i r e c t e d ,  ' o u t b o a r d '  d i p o l e s  
a s s o c i a t e d  w i t h  oxygen o r  n i t r o g e n  atoms. I f  t h e  molecu le  
p o s s e s s e s  an a d d i t i o n a l  d i p o l e  moment p o s i t i o n e d  a t  t h e  
molecu la r  c e n t r e  and d i r e c t e d  a c r o s s  t h e  molecu la r  a x i s ,  i t  
i s  proposed t h a t  t h e  ou tboa rd  d i p o l e s  should be e q u i d i s t a n t  
from t h i s  d i p o l e .  Thus, f o r  a molecule  c o n t a i n i n g  a ' c e n t r a l  
c o r e '  of t h e  type  

t h e  ou tboa rd  d i p o l e  moments would occur  a t  t h e  t e r m i n a l  
oxygens. The es ter  f u n c t i o n  c o n s t i t u t e s  t h e  c e n t r a l  d i p o l e .  

We have now s y n t h e s i s e d  compounds t h a t  c o n t a i n  t h e  
above ' c e n t r a l  c o r e '  s t r u c t u r e  e x c e p t  f o r  t h e  oxygens a t  
each  end of t h e  c o r e .  These have been  e l i m i n a t e d  a t  one end 
o r  b o t h  ends by hav ing  e i t h e r  branched o r  n -a lky l  c h a i n s  
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184 GOODBY, et al. 

d i r e c t l y  a t t ached  t o  the  r i n g  system. Using t h e s e  new 
systems, we have s t i l l  succeeded i n  o b t a i n i n g  mesogens 
which e x h i b i t  smect ic  C phases .  The fo l lowing  mesogens 
(2)-(4) ,  i nvo lv ing  p a r t i a l  o r  complete replacement of t he  
te rmina l  oxygens of t he  ‘ c e n t r a l  core’  shown a b v e ,  a r e  of 
p a r t i c u l a r  i n t e r e s t .  Compound (1) con ta in ing  two te rmina l  
alkoxy groups provides  the  re ference  sys  tem f o r  comparison. 

I n  the  d a t a  below, C = c r y s t a l ;  SA, SB, Sc = smect ic  of 
t h e  A ,  B ,  C types;  Ch = c h o l e s t e r i c ;  I = i s o t r o p i c  l i q u i d .  
T r a n s i t i o n  temperatures  i n  OC a r e  given below the arrows 
r ep resen t ing  the  t r a n s i t i o n s .  The a s t e r i s k s  i n d i c a t e  any 
c h i r a l  c e n t r e s  i n  the  molecules.  

C- ’B - SC- SA- I 
1100 116’ 165O 2000 

n-C 8 H 1 7  0@@C0.0@-C8Hli-n 

SA- I s B  - sc - C- 
1100 110.5’ 132.5’ 184’ 

C - Ch - I (Ch - SA- Sc) monotropic 
83.4’ 1 1 4 O  81.O0 74.30 
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DIPOLE MOMENTS AND THE SMECTlC C PHASE I85 

c-sc- SA- Ch- I 
91.5' 9 3O 112O 131' 

A s m e c t i c  C phase was observed f o r  a l l  t h e  above 
mesogens which range from type (1) w i t h  two ou tboa rd  d i p o l e s  
and one c e n t r a l  d i p o l e ,  t o  types ( 3 )  and ( 4 )  w i t h  o n l y  ove 
d i p o l e  a s s o c i a t e d  wi th  t h e  e s t e r  f u n c t i o n ,  through t h e  
i n t e r m e d i a t e  case  f o r  t ype  ( 2 ) .  

Exper imen ta l  ev idence  f o r  t he  SC phases  The 
mic roscop ic  t e x t u r e s  of  t he  S A  phases  of compounds (1) and 
( 2 )  showed b o t h  f o c a l - c o n i c  and homeotropic  a r e a s  which, on 
c o o l i n g ,  gave the broken f ans  and t h e  s c h l i e r e n  t e x t u r e ,  
r e s p e c t i v e l y ,  which a r e  t y p i c a l  of t h e  Sc phase.  On f u r t h e r  
c o o l i n g ,  t h e  S C  phases  gave r i s e  t o  t h e  c l e a r  unbroken f a n  
t e x t u r e  and homeotropic  a r e a s  of t h e  SB phase.3b S i n c e  t h i s  
t h i r d  phase i s  p o s i t i v e  u n i a x i a l  and of lower thermal  
s t a b i l i t y  t h a n  t h e  SA phase,  i t  must t h e r e f o r e  be an 
o r t h o g o n a l  SB phase ,  i . e . ,  S B ~ .  Thus,  t h e  p r e c e d i n g  t i 1  t e d  

phase cannot  be a t i l t e d  S g  phase.  The c h i r a l  S C  phases  of 
t h e  compounds ( 3 )  and ( 4 )  nad t h e  ' p e t a l '  t e x t u r e 3 c  t y p i c a l  
of t h e s e  S C  phases  when they a r e  i n  the  p l a n a r  t e x t u r e .  
Moreover, when the S A  phases  were coo led  t o  g i v e  f o c a l - c o n i c  
Sc p h a s e s ,  an i r i d e s c e n t '  p l a n a r  t e x t u r e  was ob ta ined  by 
mechanical  d i sp l acemen t  of t h e  cover  s l i p .  A c o l o u r  change 
i n  t he  r e f l e c t e d  l i g h t  was then o b t a i n e d  by f u r t h e r  c o o l i n g  
the s l i d e  i n  a i r .  

The SA and S C  phases  of compound (1) were shown t o  be  
s e p a r a t e l y  m i s c i b l e  w i t h  the  S A  and Sc phases  r e s p e c t i v e l y  
of t h e  s t a n d a r d  e s t e r  n-butyl  4'-n-octyloxybiphenyl-4- 
c a r b o x y l a t e .  I n  t u r n ,  compound (1) was shown t o  be  comple t e ly  
m i s c i b l e  w i t h  compound ( 2 )  f o r  each of  t h e i r  t h r e e  phases  
(SA, Sc, S B ~ ) .  

(1) were shown t o  b e  s e p a r a t e l y  m i s c i b l e  w i t h  the S A ,  SC, 
and S B ~  phases  of TBBA. S i m i l a r l y ,  t h e  S A ,  SC, and Ch(N) 

phases  of compounds ( 3 )  and ( 4 )  were shown t o  be s e p a r a t e l y  
m i s c i b l e  w i t h  t h e  co r re spond ing  SA,  SC, o r  N phases of TBBA. 

Fur the rmore ,  t h e s e  t h r e e  phases  of compound 
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186 GOODBY, et al. 

F i n a l l y ,  t h e  e n t h a l p y  peak a s s o c i a t e d  w i t h  t h e  SA t o  S c  
t r a n s i t i o n  f o r  compound (1) was shown t o  b e  almost  
u n d e t e c t a b l e  by D.T .A. ,  and t h e  e n t h a l p y  v a l u e  i s  
c o n s i d e r e d  t o o  smal l  t o  q u o t e  a meaningful  v a l u e .  T h i s  
s u g g e s t s  a second o r d e r  o r  a ve ry  weak f i r s t  o r d e r  
t r a n s i t i o n  i n  agreement w i t h  o t h e r  thermodynamic d a t a  f o r  
SA t o  S C  t r a n s i t i o n s .  

D i s c u s s i o n  Consider  now what consequences t h e  
p r o p e r t i e s  of t h e s e  f o u r  compounds have f o r  t h e  McMillan 
Theory o f  t h e  Sc phase .  
on t h e  b e l i e f  h e l d  a t  t h a t  t ime t h a t  a l l  t h e  known compounds 
e x h i b i t i n g  t h e  S c  phase c o n t a i n e d  t e r m i n a l  ou tboa rd  d i p o l e  
moments. For example,  ev idence  i n  s u p p o r t  of t h e  t h e o r y  was 
drawn f rom t h e  f a c t  t h a t  t h e  4,4'-di-n-alkoxyazoxybenzenes 
e x h i b i t  S C  p h a s e s ,  whereas  t h e  c o r r e s p o n d i n g  
4 ,4'-di-n-alkylazoxybenzenes e x h i b i t  SA phases .  However t h e  
new compounds ( 2 ) ,  ( 3 ) ,  and ( 4 )  c o n t r a d i c t  t h e  i d e a  t h a t  two 
such d i p o l e s  are n e c e s s a r y  t o  p rov ide  t h e  d r i v i n g  f o r c e  t o  
t i l t  t h e  o v e r a l l  s t r u c t u r e ,  and thus  w e  b e l i e v e  t h a t  t h i s  
p u t s  McMillan's Theory s e r i o u s l y  i n  doubt .  We would add 
however,  t h a t  such  d i p o l a r  p r o p e r t i e s  do a p p e a r  t o  s t a b i l i z e  
t h e  Sc  p h a s e ,  i . e . ,  g i v e  h i g h e r  SC-SA t r a n s i t i o n  t e m p e r a t u r e s .  

McMillan's Theory w a s  b a s e d  f i r m l y  

The Wulf Theory5 on t h e  o t h e r  hand,  depends on t h e  
molecu le  b e i n g  o f  a zig-zag shape .  The b ranched  a l k y l  
compounds now p r e p a r e d  are i n  f a c t  moving away from such  a 
zig-zag confo rma t ion ,  and y e t  t hey  e x h i b i t  t h e  SC phase ,  
w h i l s t  t h e i r  non-branched anologues e x h i b i t  SA and Sg phases ;  
t h i s  i s  t h e  o p p o s i t e  of what  Wulf p r e d i c t s .  The l a t e s t  
t h e o r y ,  by P r i e s t , 6  does n o t  r e a l l y  c o n s i d e r  changes i n  
m o l e c u l a r  a r c h i t e c t u r e  as smal l  as t h e s e  shown by 
compounds (1) t o  (4). However, s i n c e  such small changes as 
t h o s e  i n v o l v e d  on moving from n - a l k y l  t e r m i n a l  t o  b ranched  
t e r m i n a l  c h a i n s  a r e  of paramount importance i n  d e c i d i n g  
whe the r  t h e  SC phase  i s  formed a t  a l l ,  w e  f e e l  t h a t  P r i e s t ' s  
Theory i s  n o t  d e t a i l e d  enough i n  concept  t o  be r e g a r d e d  as 
an a b s o l u t e  t h e o r y .  

F i n a l l y ,  we would n o t e  t h a t ,  because  t h e  b ranched  
molecu le s  ( 3 )  and ( 4 )  are  ~ h i r a l , ~  t h i s  does n o t  p r e c l u d e  
t h e  p o s s i b i l i t y  t h a t  t h e  f e r r o e l e c t r i c  d i p o l e ,  proposed by 
Meyer e t  a l . 7  f o r  t h e  c h i r a l  Sc phase ,  p r o v i d e s  t h e  d r i v i n g  
f o r c e  f o r  t i l t  t o  occur  f o r  such  mesogens. To show t h a t  
c h i r a l i t y  and symmetry c o n s i d e r a t i o n s  are n o t  i m p o r t a n t  

-- 
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DIPOLE MOMENTS A N D  T H E  SMECTIC C PHASE 187 

f a c t o r s  i n  r e l a t i o n  t o  t i l t ,  we p r e p a r e d  t h e  racernic 
m o d i f i c a t i o n  of  compound ( 3 ) ;  t h i s  showed an o r d i n a r y  S c  
phase which was m i s c i b l e  w i t h  t h a t  of TBBA. Th i s  shows 
t h a t  t h e  t i l t  i n  t h e s e  S C  phases  i s  n o t  an outcome of 
symmetry and t h e  induced  f e r r o e l e c t r i c  d i p o l e .  Hence the  
f e r r o e l e c t r i c  p r o p e r t i e s  of c h i r a l  Sc phases  are a 
consequence o f  t i l t i n g  and n o t  t h e  cause  o f  t i l t i n g .  

The t r a n s i t i o n  temperatures  f o r  t h e  racemic 
m o d i f i c a t i o n  of e s t e r  ( 3 )  were d i f f e r e n t  from those  of t h e  
c h i r a l  e s t e r :  C-SA, 8 6 O ~  SA-N, 96.1O; N - I ,  118.5' 
(SA-SC-monotropic, 78.1 ).  This  must r e f l e c t  t h e  f a c t  t h a t  
t h e  e s t e r  mo lecu le s  c o n t a i n  two c h i r a l  c e n c r e s ,  and t h a t  
the racemic m o d i f i c a t i o n  i s  a p h y s i c a l  m i x t u r e  of  two 
d i a s  t e r e o i s o m e r i c  p a i r s  of compounds. 

No e x i s t i n g  theo ry  of t h e  Sc phase t h e r e f o r e  appea r s  t o  
o f f e r  an e x p l a n a t i o n  of  t h e s e  r e s u l t s  which w e  now r e p o r t  
b r i e f l y  because  o f  t h e i r  g e n e r a l  s i g n i f i c a n c e .  F u r t h e r  
s t u d i e s  i n  t h i s  a r e a  are i n  p r o g r e s s  and i t  i s  hoped t h a t  from 
t h i s  work a c l e a r e r  unde r s t and ing  o f  t h e  r e l a t i o n s h i p s  
between m o l e c u l a r  s t r u c t u r e  and t h e  i n c i d e n c e  of S C  phases  
w i l l  f i n a l l y  emerge. 

A d e t a i l e d  v e r s i o n  of t h i s  work w i l l  b e  p r e s e n t e d  
e l s e w h e r e .  However, i t  i s  r e l e v a n t  t o  s t a t e  t h a t  each of 
t he  es te rs  d e s c r i b e d  w a s  p u r i f i e d  by column chromatography 
and r e c r y s t  a1 l i s a t i o n  u n t i l  c o n s t a n t  t r a n s i t i o n  t empera tu res  
were o b t a i n e d .  The p roduc t s  were each shown to  g i v e  a 
s i n g l e  s p o t  on t h i n  l a y e r  chromatography, and mass 
s p e c  t rome t r y  and i n  f r a- r ed  s p e c  tr 0s copy confirmed t h e i r  
s t r u c t u r e s .  T r a n s i t i o n  temperatures  were de te rmined  us ing  
a Mettler FP 52 h o t  s t a g e  and c o n t r o l  u n i t .  A 7% w/w 
s o l u t i o n  o f  t h e  racemic m o d i f i c a t i o n  of  es te r  (3 )  gave a 
z e r o  r o t a t i o n ,  w i t h i n  expe r imen ta l  e r r o r ,  when examined 
u s i n g  a Bendix-NPL Automatic p o l a r i m e t e r  (Type 143A). As a 
consequence,  t h e  h i g h e s t  t empera tu re  phase  o f  t h e  racemic 
m o d i f i c a t i o n  was a nemat i c  phase of i n f i n i t e  p i t c h .  
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