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ABSTRACT 

A new l y o t r o p i c  l i q u i d  c r y s t a l  p h a s e  t y p e  h a s  been  

i d e n t i f i e d  u s i n g  t h e  p o l a r i z i n g  m i c r o s c o p e .  The p/.init 

lies i n  a r e g i o n  be tween  t h e  n e m a t i c  and t h e  c l a s s i c a l  

h e x a g o n a l .  It i s  s u g g e s t e d  t h e  s t r u c t u r e  of t h e  p h a s e  

is  r e l a t e d  t o  t h e  t h e r m o t r o p i c  smec t i c -A  mesophase .  

Amphiph i l e s  which form l y o t r o p i c  l i q u i d  c r y s t a l s  upon 

s o l v a t i o n  g i v e  r i s e  t o  a r e g u l a r  s e q u e n c e  of m e s o p h a s e s .  I n  

a d e t e r g e n t  s y s t e m  w i t h  d e c r e a s i n g  water and i n c r e a s i n g  

d e c a n o l ,  t h e  s e q u e n c e  i s  u s u a l l y : -  i s o t r o p i c  m i c e l l a r ,  

v i s c o u s  i s o t r o p i c ,  m i d d l e  s o a p ,  c u b i c ,  l amel la r ,  r e v e r s e  

c u b i c ,  r e v e r s e  v i s c o u s  i s o t r o p i c  and r e v e r s e  

m i c e l l a r ( ' ) .  

t y p e s  a l t h o u g h  t h e  s o l v a t  i o n  s e q u e n c e  i s  a lways  m a i n t a i n e d .  

It i s  w e l l  known t h a t  s i m p l e  o r g a n i c  mesogens upon h e a t i n g  

g i v e  r i s e  t o  l i q u i d  c r y s t a l s  w i t h  v a r i o u s  t y p e s  of o r d e r .  

No b i n a r y  s y s t e m  g i v e s  r i s e  t o  a l l  p h a s e  
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200 K. RADLEY 

the lower temperature liquid crystals usually have dimen- 

sional order and are generally known as smectics, while at 

high temperatures liquid crystals with only orientational 

order are known as nematics(2). 

crystals, from symmetry and order arguments, fourteen dif- 

ferent smectic phase types can be predicted of which at 

least ten smectic phases types have been reported(3). 

Recently it has been found that in the two binary systems 

cesium per fluorooct anat elheavy water (CsPFO/D20) and tetra- 

decyltrimethylammonium benzenesulfonate/heavy water (MTABS/ 

In  thermotropic liquid 

D20) the dimensiona 

middle soap phases, 

solvation to the or 

reassessment of the 

further experimenta 

paper. 

ly ordered liquid crystals lamellar and 

respectively, gave rise upon heating and 

entational ordered nematic phasJ4! A 

results in the MTARS/D20 system with 

evidence will be discussed in this 

The detergent was prepared by dissolving commercial 

t e t r a d e c y l t r i m e t h y l a m m o n i u m  bromide in methanol and adding 

excess silver oxide. After filtering, the methanol solution 

was neutralized with benzenesulphonic acid. The solution 

was evaporated to dryness and recrystallized several times 

from ethyl acetate and ethanol. A sample was made with the 

following composition 40% MTABS and 60% D20. The ingredi- 

ents were weighed out into a test tube with a constriction 

in the middle. After the tube was heat sealed, the ingredi- 

ents were homogeneously mixed by continuous heating and 

centrifuging. The phase retardation between the ordinary 

and extraordinary light ray was measured using a technique 

first described by Sgnarrnont in 1 8 4 0 ( 5 )  and later adapt- 

ed for the polarizing microscope(6). 

been extended to measure birefringence(7) 

The method has 

where the 
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A NEW LYOTROPIC LIQUID CRYSTAL PHASE 201 

s i g n  of  t h e  r e t a r d a t i o n  i n f e r s  t h e  s i g n  of  t h e  b i r e f r i n g -  

e n c e .  The sample was viewed u s i n g  a p o l a r i z i n g  microscope 

w h i l e  s u b j e c t e d  t o  t h e  i n f l u e n c e  of a magnet ic  f i e l d  a s  

p r e v i o u s l y  d e s c r i b e d ( ' ) .  The tempera ture  h e r e  was con- 

t r o l l e d  u s i n g  a b r a s s  b l o c k  sample h o l d e r  through which 

w a t e r  w a s  c i r c u l a t e d  from a c a l o r a .  The t e m p e r a t u r e  was 

measured u s i n g  a d i g i t a l  thermometer w i t h  an a c c u r a c y  of  

2 0.1"c. 

The f i g u r e  1 shows phase r e t a r d a t i o n  i n  t h e  sample a s  a 

f u n c t i o n  of  t e m p e r a t u r e .  The measurements were made by 

d e c r e a s i n g  t h e  tempera ture  of t h e  sample from t h e  h i g h  

t e m p e r a t u r e  i s o t r o p i c  r e g i o n  w i t h  t h e  magnet ic  f i e l d  swi tch-  

ed on. When t h e  s l o p e  of t h e  l i n e  i s  c o n s i d e r e d ,  e i g h t  

d i f f e r e n t  r e g i o n s  a r e  s i g n i f i e d .  Regions I ,  11, 111 and I V  

were homogeneous phases  whereas  t h e  r e g i o n s  between were 

assumed t o  be he te rogeneous  two phases  r e g i o n s .  Region I i s  

f l u i d  and o p t i c a l l y  i s o t r o p i c  and presumably is  an i s o t r o p i c  

m i c e l l a r  s o l u t i o n .  Region IT was a s s i g n e d  a s  nemat ic .  It 

was f l u i d  and was o r i e n t e d  by t h e  magnet ic  f i e l d  i n  such a 

way a s  t o  i n d i c a t e  n e g a t i v e  d iamagnet ic  a n i s o t r o p y .  Region 

I V  was a s s i g n e d  a s  t h e  c l a s s i c a l  nexagonal  where t h e  phase 

s t r u c t u r e  is hexagonal  a r r a y s  of i n f i n i t e l y  long c y l i n d e r s .  

The sample was r i g i d  and d i d  not  f low,  and w a s  not o r i e n t e d  

by t h e  magnet ic  f i e l d .  Region TI1 could  n o t  be g i v e n  a 

c l a s s i c a l  l y o t r o p i c  s t r u c t u r e .  It was f l u i d  s imilar  t o  

Region I1 but  i t  was not  o r i e n t e d  i n  t h e  moderate  magnet ic  

f i e l d  of 1 K g a u s s  used h e r e .  It could  w e l l  be o r i e n t e d  by 

a b i g g e r  magnet ic  f i e l d  such a s  t h a t  of  an nmr c r y o g e n i c  

magnet b u t  such i n v e s t i g a t i o n s  were n o t  made. The r e g i o n s  

between t h e  I,  11, I11 and I V  r e g i o n s  were d e s i g n a t e d  as 
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202 K. RADLEY 

heterogeneous  two phase r e g i o n s .  The s l o p e s  were s t e e p  and 

presumably t h e  r e t a r d a t i o n  measurements were weighted aver -  

a g e s .  When thermosta ted  a t  t h e  a p p r o p r i a t e  tempera ture  t h e  

samples  o v e r n i g h t  s e p a r a t e d  o u t  i n t o  two l a y e r s .  The l i q u i d  

c r y s t a l  r e g i o n s  11, 111 and I V  a l l  gave i n d i c a t i o n s  of b r i n g  

o p t i c a l l y  u n i a x i a l  and from t h e  s i g n  of  t h e  r e t a r d a t i o n ,  t h e  

s i g n  o f  t h e  b i r e f r i n g e n c e s  was i n d i c a t e d  i n  e v e r y  c a s e  t o  be 

n e g a t i v e .  The p l a n a r  micrographic  t e x t u r e s  which were 

observed i n d i c a t e  a c y l i n d r i c a l  m i c e l l a r  o r  c l o s e l y  r e l a t e d  

s t r u c t u r e .  

'H20 nmr over  t h e  l i q u i d  c r y s t a l  r e g i o n  does not  g i v e  

any c l e a r  i n d i c a t i o n  about  s t r u c t u r e .  Upon c o o l i n g  t h e  

sample from t h e  i s o t r o p i c  r e g i o n ,  a super  imposed s i n g l e t  

and d o u b l e t  spectrum was o b t a i n e d  which c l e a r l y  i n d i c a t e s  a 

he te rogeneous  two phase r e g i o n .  I n  t h e  l i q u i d  c r y s t a l  

r e g i o n  t h e  s p e c t r a  a r e  o r i e n t e d  i n d i c a t i n g  f i r s t l y  a t r a n s i -  

t i o n  t o  a nematic  phase .  Presumably t h e  macro o r i e n t a t i o n  

i s  main ta ined  b u t  not  enhanced when cooled  t o  t h e  dimension- 

a l  o r d e r  p h a s e s .  The s l o p e  of  t h e  i n c r e a s i n g  quadrupolar  

s p l i t t i n g  i s  g r a d u a l  and does not  i n d i c a t e  where t h e  o n s e t  

of d imens iona l  o r d e r  l i q u i d  c r y s t a l s  o c c u r s ,  o r  t h e  o n s e t  o f  

any two phase r e g i o n s .  The f i g u r e  2 shows a p o l a r  micro- 

graph of a sample 20% MTABS/80% D20 where t h e  D20 h a s  d r i e d  

out  forming a c o n c e n t r a t i o n  g r a d i e n t .  There a r e  t h r e e  main 

r e g i o n s .  The d a r k  one is  presumably i s o t r o p i c  m i c e l l a r .  

The r e g i o n  w i t h  s t r o n g e s t  b r i e f r i n g e n c e  h a s  a t e x t u r e s  

c h a r a c t e r i s t i c  of a hexagonal  phase .  There is o n l y  one 

r e g i o n  between t h e  hexagonal  and t h e  i s o t r o p i c  r e g i o n .  The 

r e t a r d a t i o n  measurements i n d i c a t e  t h i s  r e g i o n  i s  p r o b a b l y  

Region 111. This  would i n d i c a t e  nemat ics  a r e  not  formed i n  
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A NEW LYOTROPIC LIQUID CRYSTAL PHASE 203 

t h i s  b i n a r y  s y s t e m  a t  room t e m p e r a t u r e  c o n t r a r y  t o  t h e  

o r i g i n a l  r e p o r t  ( 4 ) .  The r e s u l t s  i n d i c a t e  t h a t  Kegion 111 

h a s  a p h a s e  s t r u c t u r e  somewhere be tween  a n e m a t i c  and a 

h e x a g o n a l .  The s t r u c t u r e  might  be l a y e r s  of o r i e n t a t i o n a l  

o r d e r e d  c y l i n d e r s  o f  f i n i t e  l e n g t h .  It i s  p o s s i b l e  t h a t  

t h e r e  i s  a p a r a l l e l l i s m  between t h i s  phase  t y p e  and t h e  

smec t i c -A(SA)  i n  t h e r m o t r o p i c  l i q u i d  c r y s t a l s .  

I n  t h e  MTABS/D20 s y s t e m  a s e q u e n c e  of mesophase i s  

e n c o u n t e r e d  which h a s  s i m i l a r i t i e s  t o  t h o s e  found i n  

t h e r m o t r o p i c  l i q u i d  c r y s t a l s .  

Hexagonal  + F l u i d  

a r r r a y s  of i n f i n i t e l y  Middle  

l o n g  c y l i n d e r s  Soap 

n e m a t i c  
b 
P (Sg)" -t s A 

Hexagonal  l y  O r i e n t a t i o n l y  O r i e n t a t i o n  

Orde red  O r d e r e d  O r d e r  

L a y e r s  L a y e r s  

( )* i n d i c a t e s  t h a t  a l t h o u g h  t h e  h e x a g o n a l  and Sg h a v e  

some s i m i l a r i t i e s  such  a s  o p t i c a l l y  u n i a x i a l l i l y  and 

r i g i d i t y ,  t h e  two s t r u c t u r e s  are  n o t  n e c e s s a r i l y  e q u i v a l e n t .  

The i n v e s t i g a t i o n  of  l y o t r o p i c  l i q u i d  c r y s t a l s  i n  

r e s p e c t  t o  d i m e n s i o n a l  o r d e r  i s  a v e r y  i m p o r t a n t  f i e l d  o f  

r e s e a r c h  which w a r r a n t s  i n t e n s i v e  i n v e s t i g a t i o n .  
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Figure 1 - Variation of lef the phase retardation between 
the ordinary and extra-ordinary ray of polarized light as a 

function of temperature. 

the retardation where the sign was found negative, a result 

of negative birefringence. Sample composition was 40% MTABS 

and 60%&0.  

181 Ilepresents the magnitude of 
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A NEW LYOTROPIC LIQUID CRYSTAL PHASE 205 

Figure I1 - Photomicrograph of a concentration gradient, set 
up by a l l o w i n g  D 2 0  to evaporate from the edges of a 20X 

MTABS t(0X D 2 0  sample held between a microscope slide and a 

cover slip. Temperature 22°C.  The dark isotropic area has 

the highest L)20 concentration. 
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