
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 11:19
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Studies of Lyotropic Liquid
Crystalline Phase in Sodium
Dodecylsulfate - Water System
by Density and Conductivity
Measurements
Shinichi Yano a , Kenji Tadano a b & Koichiro Aoki a
a Department of Synthetic Chemistry, Faculty of
Engineering, Gifu University, Yanagido, Gifu, 501-11,
Japan
b Gifu College of Technical Medicine, Ichihira, Seki,
Gifu, 501-11, Japan
Version of record first published: 21 Mar 2007.

To cite this article: Shinichi Yano , Kenji Tadano & Koichiro Aoki (1983): Studies of
Lyotropic Liquid Crystalline Phase in Sodium Dodecylsulfate - Water System by Density
and Conductivity Measurements, Molecular Crystals and Liquid Crystals, 92:4-5,
99-104

To link to this article:  http://dx.doi.org/10.1080/01406568308084525

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568308084525
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

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

1:
19

 2
1 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst. Vol. 92 (Letters), pp. 99-104 
0140-6566/83/92054099$1850/0 
0 1983, Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

STUDIES OF LYOTROPIC LIQUID CRYSTALLINE PHASE I N  

SODIUM DODECYLSULFATE - WATER SYSTEM BY DENSITY 
AND CONDUCTIVITY MEASUREMENTS 

SHINICHI YANO, K E N J I  TADANO'AND KOICHIRO AOKI 

Department of Synthetic Chemistry, Faculty of Engineering, 
Gifu University, Yanagido, Gifu 501-11, Japan 
Gifu College of Technical Medicine, Ichihira,  Seki, 

Gifu 501-11, Japan 

(Received for Publication June 18,1983) 

Abstract : Phase t rans i t ion  of isotropic micelle solution 
( I )  t o  middle(M1) phase i n  sodium dodecyl sulfate(SDS) - 
water system has been studied by density a d  conductivity 
measurements. Plots of density and conductivity versus 
SDS concentration exhibited a discontinuous change near 
the concentration of the t rans i t ion  (about 37 w t %  of 
SDS). 
t ransi t ion was discussed. 

From these resu l t s ,  the mechanism of I-M1 phase 

INTRODUCTION 

The lyotropic mesomorphic s t a t e  i n  sodium dodecyl su l fa te  
- water(SDS-H20) system has been studied by several workers. 
1-4 Luzatti et  a1.1j2 have found by X-ray studies tha t  t h i s  
system exhibits middle(M1), complex hexagonal and lamellar 
l iquid c rys ta l  phases as functions of volume fract ion of SDS 
and temperature, and determined the l a t t i c e  constant and the 
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100 S. YANO, K. TADANO and K. AOKl 

surface area of polar groups in the M 

The present study has aimed a t  c lar i fying the mechanism 

of the t rans i t ion  between I and M1 phase by density and con- 
ductivity measurements. 
one of d i s t i nc t  methods t o  c l a r i fy  a change of molecular 
packing i n  the I-M1 phase t ransi t ion.  

phase. 1 

The density measurements should be 

EXPERIMENTAL 

SDS was obtained from Nakarai Chemical Ltd., Tokyo 

(Specially prepared reagent, SDS-4, the puri ty  is 99% i n  
catalog).  
times from absolute ethanol solution. The c r i t i c a l  micelle 
concentration(CMC) of SDS determined by conductivity measure- 
ments was 8.3 mM fo r  the f i r s t  CMC and 64 mM fo r  the second 

CMC, being consistent with the past work. ’ The concentrated 
solution of SDS was prepared as follows; SDS and water was 
mixed a l te rna te ly  in a glass tube and a f t e r  sealing the tube 
i n  vacuo, SDS was dissolved in water by s t i r r i n g  the mixtures 
a t  about 7OoC for  less than 24 hrs. 

The sample was purified by recrystal l iz ing several 

Phase diagrams were determined by a polarized microscope 
with a hot stage, using a tube slide(macr0-micro s l ide ,  Vitro 

Dynamics Inc. , U.S.A.  ) . 
with a Lipkin-Devidson pycnometer. Conductivity was measured 

by a conductance meter(T0A Electrics Ltd., Type CM-IDB) and a 
universal b r i d g e b d o  Electr ics  Co., Type LCR-10). 

Density measurements were carried out 

RESULTS AND DISCUSSION 

Phase diagram of SDS-H20 system is shown i n  Figure 1. 

1 
SDS i s  known t o  decompose t o  dodecyl 

The M 
about 37 w t %  of SDS. 

alcohol by a dehydration reaction a t  higher temperatures. 
The decomposition r a t io  of SDS was roughly estimated t o  be 

less than 5% for  about 30 hrs a t  7OoC and 50-608 for  about one 

phase appears i n  the higher concentration range above 

3 9 7  
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MESOPHASE IN SDS-WATER SYSTEM 101 

hour a t  125OC, respectively, by determining dodecyl alcohol 
extracted by ether. 
t ransi t ion above 100°C, especially since alcohol may affect  
sensit ively the phase t ransi t ion i n  SDS-H20 system. 

w t %  i n  SDS-H20 system a t  various temperatures. 
v decreases with increasing SDS w t % .  
v i s  observed apparently around 37 w t %  of SDS. 

ra t ion i s  consistent with I-M1 phase t ransi t ion.  
shows plots of specif ic  conductivity versus SDS w t %  a t  various 
temperatures. The conductivity increases l inear ly  with the 
increase of SDS w t %  i n  I phase below 20 w t %  of SDS, and the 
increase begins t o  be gradually supressed with SDS concentra- 

Therefore, we could not determine phase 

3 

Figure 2 shows plots  of specif ic  volume, v, versus SDS 
The value of 

The abrupt decrease of 

This concent- 
Figure 3 

100- 

80 - 

60 - 
u 
+ 

B 
1 

0 20 40 60 I 
SDS, Wto/e 

3 

FIGURE 1 Phase diagram of SDS-H20 system. 

I: isotropic micelle solution, 
C :  c rystal l ine phase 

M1: middle phase, 
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FIGURE 2 Plots of specific volume, v, versus SDS wt% in 

1: 7OoC, 2: 65"C, 3: 60°c, 4: 55"C, 5: 5OoC, 

6: 4 5 O C ,  7: 4OoC, 8: 3 5 O C ,  9: 30°C 

SDS-H20 system. 
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FIGURE 3 Plots of conductivity versus SDS w t %  in SDS-H20 
system at several temperatures. 
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MESOPHASE IN SDS-WATER SYSTEM 103 

t ion above 20 w t % .  
37 w t %  of SDS corresponding with I-M phase t ransi t ion.  

Then the  abrupt decrease is  observed near 

1 
Clunie et a1.' measured density a t  a wide concentration 

range including micelle solution, middle, viscous isotropic 
and neat phases fo r  N,N,N,-trimethylamino decanoimide - 
system. 
curve had no discontinuous change a t  every t rans i t ion  concent- 
rations.  Furthermore, they observed a bend near the t ransi-  
t ion temperature from the middle t o  the isotropic phase i n  
density - temperature plots  a t  a def in i te  concentration. 
From these resu l t s ,  they concluded tha t  the phase t ransi t ion 
i n  t h i s  system is a second order phase change, and for  I-M1 
phase t ransi t ion,  proposed a model tha t  the spherical  micelles 
aggregate together t o  form a r ig id  s t r ing  of spheres and this 
cylindrical  s t r i ng  is packed i n  a hexagonal array t o  form M 
phase. Although we could not measure density - temperature 
plots because of the decomposition of SDS a t  high temperatures, 
a discontinuous change was apparently observed near the 
concentration of I - M  phase t rans i t ion  in SDS-H 0 system. 
This suggests t ha t  the t rans i t ion  i n  SDS-H20 system obeys a 
mechanism which is  different  of tha t  of the t rans i t ion  i n  
N,N,N,-trimethylamino decanoimide - H20 system. In aqueous 
solution of surfactant,  the  formation and s t ructure  of micelle 
has been extensively studied. A s  well surfactant 
molecules aggregate t o  a spherical  micelle a t  the f i r s t  CMC, 

and the s t a t e  of aggregates changes somewhat a t  the second 
CMC. However, the s t a t e  of aggregates re ta ins  a s table  s t a t e  
i n  each phase. 
ductivity near SDS concentration of I-M1 t rans i t ion  means tha t  
the spherical  micelles change t o  a cylindrical  micelles and 
that the l a t t e r  micelles form a hexagonal arrangement t o  become 
M1 phase. 
s t r i ng  model of Clunie e t  a l .  for  N,N,N,-trimethylamino decano- 
imide - H 0 system. It is of in te res t  and worthwhile t o  study a 2 

H2° 
The density - specif ic  volume fraction of surfactant 

1 

1 2 

The discontinuous change i n  density and con- 

This  model i s ,  therefore, different  from the r igid 
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104 S. YANO, K. TADANO and K .  AOKI 

r e l a t i o n  between molecular s t r u c t u r e  of surfactant  and 

s t r u c t u r e  of middle phase i n  various systems of sur fac tan t  

with water. 
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