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THE LYOMESOPHASE FORMATION ZONE AND THE 
RHEOLCGICAL CHARACTERISTICS OF BINARY SODIUM 
ALKYLSULFATE AQUEOUS SYSTEMS 

N.V. USOLTSEVA, N.M. KORMILITSIN, L.N. ZHUKOVA 
Liquid Crystal  Laboratory, Ivanovo S t a t e  
University,  Ivanovo, USSR. 

Abstract A descr ip t ion  is  given of t he  con- 
cent ra t ion  dependence o f  lyomesophase forma- 
t i o n  by even-numbered homologues o f  sodium 
a lkylsu l fa te .  The s i m i l a r i t y  of t h e  data 
obtained by rheological  inves t iga t ions  t o  
those of  lyotropic  polymer systems i s  shown. 

INTR ODUC T ION 

The hydrophobic e f f e c t  is one of  t he  most important 
f ac to r s  i n  the  formation of supermolecular s t ruc-  
tu res .  With respect  t o  micelle so lu t ions  of  surface 
ac t ive  substances, t he  influence of  t he  hydrophobic 
fragment, anionic groupings and counter ion on 
c r i t i c a l  micelle concentrations (CMC) has been 
s tudied s u f f i c i e n t l y  i n  d e t a i l .  A d e f i n i t e  quanti- 
t a t i v e  interconnection between the hydrocarbon 
fragment length of t h e  amphiphile molecule and CMC 
has been establ ished.  

A s  f o r  the  dependence of  the  manifestation o f  
lyo t ropic  mesomorphism on t h e  s p e c i f i c  fea tures  of  
t he  s t r u c t u r e  of  the  hydrophobic fragment of mole- 
cu les  of surface ac t ive  substances (SAS), t h i s  
question remains i n s u f f i c i e n t l y  invest igated.  

A study of t he  lyo t ropic  mesomorphism of  
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sodium alkylsulfate was made to establish the inter- 
connection between the length of the hydrocarbon 
radical of SAS and the zone of lyomesophase forma- 
tion. 

. 

F I N D I N G S  

An investigation of the lyomesomorphism of even- 
numbered homologues (C 10 - C 16) of sodium alkyl- 
sulfates has shown that the given substances have a 
number of common properties: double phase zones 
during transition from the micelle state and crys- 
tallohydrate to the mesophase, and the presence of  
hexagonal and lamellar phases. At the same time, 

4 I I 
" C  

0 20 40 60 80 (mass%) 

FIGURE 1 Phase diagrams of sodium alkylsulfate 
aqueous systems, 4 -sodium dodecylsulfate 

0 -sodium hexadecylsulfate 
I - isotropic solution, 
K - crystallohydrate, 1 - irreversible modifica- 
tion zone, 

M - mesophase, 
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THE LYOMESOPI-LCISE FORMATION ZONE. . . [885]/105 

concrete concentrations, the temperatures of  phase 
transitions, the number and type of intermediate 
phases and lyomesophase parameters are considerably 
dependent on the length of the a lky l  chain (Fig.1). 

In all the systems investigated there is a hexa- 
gonal phase, the transition to which is realised by 
homologue 10 at room temperature and 40 mass % of the 
amphiphile, and by homologues 12, I 4  and 16 at in- 
creased temperatures and concentrations of 37, 25 and 
20 mass % respectively. It is clear that, with the 
extension of the hydrocarbon zone in even-numbered 
homologues of sodium alkylsulfate, the concentrations 
of hexagonal phase formation (CHPF) shift to the area 
of lower concentrations and higher temperatures. 
Expressing CHPF in molar concentrations to the litre, 

FIGURE 2 Flow curves of sodium tetradecylsul- 
fate aqueous systems. T = 333 K. 

Concentrations: I - 30 mass %, 2 - 40 mass $, 
3 - 41 mass %, 4 - 42 mass $, 
6 - 45 mass %. 

5 - 4 3  mass k, 
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it may be ca lcu la ted  t h a t  wi th  the  shortening of  t h e  
hydrocarbon chain by two e thy l  groups, t h e  importance 
of  CHPF approximately doubles. Comparing these da ta  
w i t h  information ava i lab le  on concentrations of the  
mesophase t r a n s i t i o n  o f  o t h e r  amphiphiles, we es tab l -  
ished t h a t  t h e  conformity w e  found is of  a s u f f i c i e n t -  
l y  general  character.  In  any case,  t he  homologues of 
sodium and potassium carboxi la tes  s tudied previously 
a l s o  have the  same conformity. 

of  t h e  hexagonal mesophase network ( a )  and t h e  r ad i i  
of  micelle aggregates shows t h a t  the g rea t e r  t h e  
values of "a", t he  lesser the  value of  CHPF. The 
computation of these da t a  t e s t i f i e s  t h a t  t he  type o f  
micelle aggregate formation i n  hexagonal phases w i t h  
increased concentrations also depends on t h e  length 
of t he  hydrocarbon fragment i n  the  molecule: with 

An X-ray ana lys i s  o f  t h e  s t r u c t u r a l  parameters 

FIGURE 3 Concentration v i scos i ty  dependence 
of  sodium t e t r adecy l su l f a t e  aqueous systems. 
L ~ Z  const=2,0 T const=333 K. 

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

0:
33

 1
9 

Fe
br

ua
ry

 2
01

3 



THE LYOMESOPKASE FORMATION ZONE.. . [887]/107 

homologues 10 and 12 there  i s  an increase i n  t h e  
micel le  aggregate rad i i ,  while wi th  homologues 14 
and 16 there  is  a complex mechanism presupposing an 
increase  i n  the  rad ius  i n  combination w i t h  a length- 
ening of t he  micelles. 

A s  seen from the  f indings of  rheological  inves- 
t i g a t i o n s  (Fig.2), the  form of t h e  flow curves i n  
d i f f e r e n t  temperature and concentration regions i s  
c lose  t o  t h a t  observed i n  high molecular lyomesopha- 
s e s  . An anomalous increase of s h i f t i n g  v i s c o s i t y  on 
t h e  bounds of  t h e  phase t r a n s i t i o n  i s  observed. 
Figure 3 shows the  displacement of the  rheological ly  
determinable region of  the  mesophase i n  the  d i r ec t ion  
o f  higher concentrations t h a n  those found i n  observa- 
t i o n s  of t he  same system w i t h  a s t a t i c a l  po lar iza t ion  
microscope. A similar s h i f t  i s  a l s o  found i n  a 
number of cases i n  polymer lyomesophases. T h i s  s i m i -  
l a r i t y  i n  t h e  behaviour of  systems may be explained 
by the  fact  t h a t  t h e  dominating r o l e  of  cooperative 
e f f e c t s  c h a r a c t e r i s t i c  of lyo t ropic  polymer is  a l s o  
t y p i c a l  of the  lyomesophases of  lyotropic  SAS 
(surface ac t ive  substances). 
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