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D E M I X I N G  OF NEMATIC LYOPHASES 

M .  LAURENT, M .  BOIDART,  A .  HOCHAPFEL, R. V I O V Y  
L a b o r a t o i r e  d e s  Pigments VGg6taux e t  Subs tances  ModSles 
G r i l l e  d'Honneur du Pa rc .  Ecole Normale Supgr i eu re  
92211 - SAINT-CLOUD, FRANCE. 

A b s t r a c t  We a r e  s tudy ing  t h e  c o n d i t i o n s  € o r  t h e  
demixing of nemat ic  lyomesophases from decano l ,  heavy 
wa te r  and sodium d e c y l s u l p h a t e  o r  po tass ium l a u r a t e .  

INTRODUCTION 

Nematic lyophases  p rov ide  good b i o l o g i c a l  membrane models. 

The phase of t h i s  k ind  most f r e q u e n t l y  encountered  was i n i -  

t i a l l y  s t u d i e d  by Radley and Reeves . 1 

We have shown i n  a r e c e n t  work2 t h a t  t h e  u s u a l  nemat ic  

s o l u t i o n  s e p a r a t e s  i n  l a y e r s  a f t e r  having  been submi t ted  t o  

a r a i s e  i n  t empera tu re .  Th i s  was n e i t h e r  due t o  e v a p o r a t i o n  

no r  t o  h y d r o l y s i s  of t h e  sodium d e ~ y l s u l p h a t e ~ .  The demi- 

Xing of t h e  s o l u t i o n  depended on t h e  thermal  p r e t r e a t m e n t .  

I t  u s u a l l y  s t a r e e d  a f t e r  a couple  of days  b u t  needed some- 

t imes  s e v e r a l  weeks t o  be accomplished. 

The p r e s e n t  work i s  a complementary s t u d y  of t h e  lyopha- 

s e  e v o l u t i o n .  I t  d i s c l o s e s  t h e  i n f l u e n c e  of t h e  s u r f a c t a n t  

c o s u r f a c t a n t  r a t i o  on t h e  l a y e r  s e p a r a t i o n .  The e f f e c t  from 

a p rev ious  r a i s e  i n  tempera ture  i s  shown. We a l s o  r e p o r t  

t h a t  demixing occured i n  a p a r e n t  nemat ic  lyophase i n i t i a l l y  

s t u d i e d  by Yu and Saupe . 4 

EXPERIMENTAL PART 

Hendrikx and Charvol in  have determined t h e  phase  diagram of 

t h e  mixture  sodium d e c y l s u l p h a t e  (SdS),  decanol  (dOH) and 

deuter iumoxide  . 5 
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106 M .  LAURENT et al. 

I n  o r d e r  t o  s tudy  t h e  i n f l u e n c e  of small c o n c e n t r a t i o n  v a r i a -  

t i o n s  on the  demixing, we have prepared  a s e r i e s  of 12 s o l u -  

t i o n s  f o r  which t h e  r a t i o  ( i n  weight) amphiphile (SdS + dOH) 

t o  deuteriumOxi.de was kep t  c o n s t a n t  b u t  t he  r a t i o  SdS t o  dOH 

v a r i e d  ( f i g u r e  1 ) .  

40 44 50SdS 

FIGURE 1 .  The phase diagram of t h e  s o l u t i o n  SdS-dOH-D20 
a f t e r  Hendrikx and Charvolin.  The compositions 1 t o  1 2  
a r e  s i t u a t e d  nea r  t h e  s t r a i g h t  l i n e & - P o i n t  B r ep re -  
s e n t s  t h e  composition : 35.9% SdS, 7 . 2 %  dOH, 56.9% D20 

We have determined the  upper l i m i t s  of t he  nematic domain 

as t h e  tempera ture  was r a i s e d  above 22°C. This  was done 

through t e x t u r e  obse rva t ions  o f  t he  1 2  s o l u t i o n s .  The t r an -  

s i t i o n  tempera tures  were p l o t t e d  a g a i n s t  t h e  a l c o h o l  concen- 

t r a t i o n s  ( f i g u r e  2 ) .  

According t o  t h e  p rev ious ly  desc r ibed  method2 w e  have 

prehea ted  the  samples a t  6°C pe r  hour  up t o  6OoC. They were 
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DEMIXING OF NEMATIC LYOPHASES 107 

FIGURE 2 .  T r a n s i t i o n  tempera tures  p l o t t e d  a g i n s t  t h e  
a l c o h o l  c o n c e n t r a t i o n s .  

t hen  brought back t o  room tempera ture  a t  t h e  same r a t e .  This  

p re t r ea tmen t  in t roduced  no appearent  change. The samples 

were then  maintened a t  2 7 . 0 0  0.05'C f o r  s i x  days .  

The nemat ic  phase of Yu and Saupe4 was prepared  from 

potassium l a u r a t e  (KL) accord ing  t o  l i t e r a t u r e  ( 2 6 . 1 0 %  KL, 

6 . 2 4 %  dOH, 67 .66% D20) .  

A s e r i e s  of samples of t h e  l a u r a t e  phase was p laced  

i n  a t he rmos ta t e  a t  t empera tures  va ry ing  between 10 ans  5 O o C  

wi th  a tempera ture  d i f f e r e n c e  of 3 t o  4 ' C  between each c e l l .  

I t  was main ta ined  f o r  s i x  days .  

The expe r i ences  were performed i n  s p e c t r o s c o p i c  c e l l s  

of pa th  1 ma. The t e x t u r e  obse rva t ions  were done wi th  a 

"Le i t z  Dialux P o l "  h o t  s t a g e  microscope. 

The c e l l s  were observed and photographed i n  c rossed  po- 

l a r i z e d  l i g h t  a t  room tempera ture  a f t e r  t he  desc r ibed  the r -  

m a l  t r ea tmen t s .  

The demixing of t h e  v a r i o u s  nemat ic  compositions has  
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108 M. LAURENT e? al. 

been observed q u a l i t a t i v e l y .  A more complete i n v e s t i g a t i o n  

of  t h e  w e l l  s epa ra t ed  l a y e r s  has  been done p rev ious ly  f o r  

composition 

be  lamellar t h e  middle l a y e r  nemat ic  and the  bottom l a y e r  

i s o t r o p i c .  

B 2 ,  I n  t h i s  case  t h e  upper l a y e r  was found t o  

RESULTS AND DISCUSSION.  

F igu re  2 shows t h a t  t h e  nematic domain s h r i n k s  i n  t h e  

SdS-solutions when the  tempera ture  i s  r a i s e d .  This  i s  i n  

agreement wi th  t h e  r e s u l t  g iven  by Yu and Saupe f o r  a s e r i e s  

of  va ry ing  concen t r a t ions  where t h e  percentage  of dOH was 

kep t  cons t an t6 .  T r a n s i t i o n s  ND ( d i s c o t i c  nematic) t o  N C  

( c a l a m i t i c  nematic) were observed only  f o r  t h e  samples n 0 7 ,  

8 and 9 .  The s o l u t i o n s  n o l ,  1 1  and 1 2 ,  s i t u a t e d  c l o s e  t o  t h e  

bo rde r  of t h e  nemat ic  domain, appear po lyphas i c  o r  i s o t r o p i c  

a t  room tempera ture .  

F igure  3 shows t h e  SdS-samples photographed a t  room 

tempera ture  a f t e r  t h e  thermal t r ea tmen t  desc r ibed  above. 

FIGURE 3. Samples 1 t o  1 2  between crossed  p o l a r i z e r s .  

Demixing appeared i n  t h e  s o l u t i o n s  above a c r i t i c a l  concen- 
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DEMIXING OF NEMATIC LYOPHASES 109 

t r a t i o n  CO (6 .77%) .  The a s p e c t s  of t h e  samples c l o s e  t o  t h e  

b o r d e r s  a r e ,  however, r e l a t e d  t o  i n i t i a l  po lyphas i c  mix tu res .  

The samples n o  2 t o  7 have remained monophasic. The 

l a y e r  s e p a r a t i o n  appeared from n o  8 onwards wi th  a r e g u l a r  

i n c r e a s e  of t h e  upper  l a y e r .  

Nematic s o l u t i o n s a l o n g  A c l o s e  t o  Co have t h e  h i g h e s t  

upper  t r a n s i t i o n  tempera tures  f o r  t h e  nemat ic  phase wi th  a 

maximum f o r  sample n o  8 a s  s e e n  i n  f i g u r e  2 .  This  e x p l a i n s  a 

more o r  l e s s  r a p i d  escape  from t h e  nemat ic  domain f o r  t h e  

v a r i o u s  composi t ions  a s  t h e  t empera tu re  was r a i s e d .  

We b e l i e v e  t h a t  t h e  dernixing i s  caused by rear rangement  

of t h e  molecular  aggrega te s  r e s u l t i n g  from n u c l e a t i o n  d u r i n g  

p r e h e a t i n g .  Above Co t h e  r e t u r n  i s  i r r e v e r s i b l e  and l a y e r  

s e p a r a t i o n  appears  i n  t h e  sample.  A t  c o n c e n t r a t i o n  lower 

than  Co t h e  s o l u t i o n s  remain s t a b l e  i n  s p i t e  of s imilar  

passages  i n t o  non nemat ic  phase  domains. 

The e f f e c t  of thermal  p r e t r e a t m e n t  i s  shown i n  f i g u r e  4 .  

The t h r e e  samples were of t h e  same composi t ion  B .  

FIGURE 4 .  Evidence of necessa ry  p rehea t ing .  

We have h e r e  compared t h e  p rehea ted  c e l l s  a and c wi th  t h e  

non prehea ted  c e l l  b .  Demixing appeared c l e a r l y  i n  a ( a f t e r  

s i x  days a t  2 7 ° C )  and l e s s  pronounced i n  c ( a f t e r  s i x  days 

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
 1

3:
16

 2
0 

Fe
br

ua
ry

 2
01

3 



110 M. LAURENT er al. 

at 4 5 ° C ) .  Cel l  b (after six days at 27°C)  showed no dis- 

tinct layers. 

The qualitative result of temperature effect on demi- 

Xing of the KL-solution is shown in figure 5 .  

FIGURE 5 .  Demixing of the potassium laurate solution. 

We are only showing pictures of the cells where layers 

had formed. This was the case for the following temperatures 

11"C, 34"C,  37°C and 48°C.  The first and the last are close 

to the known transition temperatures while the interrediate 

temperatures are not. For the initial sample, we have obser- 

ved in accordance with literature . 7 

13°C 20°C 4 2 ° C  45°C 
Is0 N D  + N C  Biph. ,-> Is0 

Thus, thermal conditioning close to a transition tempe- 

rature does not seem to be the only decisive factor on the 

demixing proceedure. 

Visual observations in crossed polarized light showed 

that the demixing looked like that of the previously studied 

solution B. We have not done any microscopic texture deter- 
minations of the various layers here described. 

The similarity in t h e  behaviour of the two nematic so- 

lutions, one from SdS and the other from KL, shows that the 
observed phenomenon is general and not related to specific 
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DEMIXING OF NEMATIC LYOPHASES I l l  

properties of the amphiphile. 

The practical conclusions of our studies are that when 

such nematic solutions undergo raises in temperature, more 

or less stable domains with respect to demixing appear in 
the phase diagram.They are limited by critical decanol con- 

centrations as seen from Co in the present investigation. 
A l s o ,  as mentioned previously water solutions are 

much more stable than solutions prepared with deuterium- 

oxide. 
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