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Abstract: Thermodynamically controlled supramolecular gel or aggregate is commonly resulted from the
formation  of  one-dimensional  micelles  through  specific  self-assembling  of  amphiphilic  molecules.  This
phenomenon is  commonly  referred  to  as  the  formation of  worm-  or  thread-like  micelle  which  is  still
considered as quite complicated and obscure. This, in spite of the recent physical insight for interpreting
this  phenomenon, is referred to as the critical  intermolecular forces (CIF) of  which still  needs further
support. Therefore, attention by scientists in this field should be given in order to make this transition
phenomenon clear. In this work, investigations concerning the effect of addition of aliphatic alcohols with
different chain lengths of even carbon numbers (ethanol, 1-butanol, 1-hexanol, 1-octanol and 1-decanol),
at different concentrations (0.002-0.040 M), and temperatures on the formation of wormlike micelle for
the mixture of anionic sodium dodecylsulfate (SDS) and cationic cetyltrimethylammonium bromide (CTAB)
surfactants were carried out. The formation of these one dimensional micelles were practically detected by
following the sharp change of physical properties through the presence of a remarkable high viscosity
peak. The results indicate there is no linear or systematic relationship between the effects of the presence
of these alcohols with their chain lengths. It has been found that the presence of aliphatic alcohols causes
a positive effect on the formation of one dimensional micelles. The ability of the transition from spherical to
wormlike micelles increases with increasing their concentrations of alcohols except for that of 1-octanol.
The obtained achievements were explained in terms of CIF theory which then offered a reasonable support
to this  theory.  It  was concluded that  alcohols particularly ethanol  and 1-octanol  can be employed as
adjustment reagents for controlling required viscosity of threadlike micelles. 
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INTRODUCTION

There is no doubt concerning with the essential and
important  applications  of  surfactants  in  multi
aspects of life. The benefits of use of surface active
agents with their  traditional  spherical  micelles are
not limited which are increasing day by day (1-4).
In special conditions, new version of micelles of one
dimensional shape of aggregates which referred as
worm-  or  thread-like  micelles  are  found.  The
specific characteristics of the rheological  behaviors

exhibited  by  the  aqueous  solution  of  wormlike
micelles  promise  their  employment  in  very
important  applications  of  various  aspects  (5-15).
These  properties  are  released  from  the
thermodynamically  controlled  supramolecular
structure  of  the  self-assembled  amphiphilic
molecules  which  are  referred  to  as  the  living
polymers.  On the other  side,  there are only  poor
efforts concerning the theoretical background of the
formation of these one dimensional supramolecular
aggregates.  Recently,  we  have  developed  a  new
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physical  insight  that  is  called  as  the  Critical
Intermolecular  Forces  (CIF)  for  interpreting  the
formation of wormlike micelle (5). This theory was
achieved through the investigations of some binary
and  ternary  systems  of  mixed  amphiphilic
molecules.  The mixture of anionic sodium dodecyl
sulfate (SDS) and cationic cetyltrimethylammonium
bromide (CTAB) surfactants show a sharp viscosity
peak at a weight ratio 80/20 of 3 wt.% CTAB/SDS.
No such remarkable high viscosity peak was found
for anionic- and cationic-nonionic (Triton-x 100) nor
for ternary mixtures of these surfactants (5,14). The
suggested CIF theory proposed that the transition
phenomenon from spherical micelle structure to one
dimensional  is  resulted  from  the  combination  of
three  main  intermolecular  forces.  These  including
electrostatic  interactions  of  polar  head  groups,
dispersion  forces  between  hydrophobic  or  tail
groups  and  the  hydrophobic  effect  that  produced
from the excess of formed hydrogen bonds between
water  molecules  (icebergs).  The  theory  (CIF)
surprisingly  stated  that  the  last  effect  plays  the
major  role  in  the  formation  of  one  dimensional
shape  of  aggregate  as  never  mentioned  in  the
previous studies. The proposal of CIF interprets the
transition process  from 3D to  1D as  at  particular
concentrations  of  molecules,  a  critical  state  is
created by disturbing the balance of intermolecular
interactions  which  makes  the  transformation
towards  1D  energetically  more  favorable.  This
theory  (CIF)  is  considered  as  a  helpful  tool  for
interpreting  and  understanding  the  transformation
to  1D  shape  of  aggregate  in  addition  to  the
accompanied  state  of  gel  is  and  helpful  for
predicting a new wormlike systems (5,14,15). Two
studies  were  followed  for  verification  CIF  theory
(14,15). The first was done through exploring the
effect of the presence of benzene ring in the non
polar  chain  of  surfactant  on  the  transformation
process  towards  1D.  The  results  show  that  the
existence  of  benzene  ring  in  sodium
dodecylbenzenesulfonate (SDBS) as a mixture with
CTAB  comparatively  decreases  the  tendency  of
forming  wormlike  micelle  which  parallel  to  CIF
theory (14). The second study also gives support to
CIF  through  studying  the  role  of  surfactant  head
group in the transition process towards 1D shape of
aggregate  (15).  According  to  literature,  there  are
several  publications  concerning  the  formation  of
wormlike  micelles  for  gaining  more  information
about  the  factors  affecting  the  transmission
phenomenon towards such type of micelle. No study
concerning with effect of alcohol chain length on this
phenomenon was mentioned (16-22). 

However,  as  a  continuation  of  our  previous
investigations, a study of the effect of addition of
aliphatic alcohols on the transition process towards
1D seems interesting to us. Indeed, the presence of
both  of  hydrophilic  hydroxyl  and  hydrophobic
hydrocarbon  groups  in  these  substances  may
disturb the  critical  intermolecular  forces and even
could change the transition mechanism. Therefore,

this  study  could  be  considered  as  essential  for
testing  of  CIF  theory.  Therefore,  investigations
concerning  the  effect  of  addition  of  alcohols  with
different  chain  lengths  of  even  carbon  numbers
(ethanol,  1-butanol,  1-hexanol,  1-octanol  and  1-
decanol),  at  different  concentrations  (0.002-0.040
M) and temperatures on the formation of wormlike
micelle for the mixture of anionic  SDS and cationic
CTAB. Indeed, this  study was limited to  use  only
even carbon number of alcohol in order to avoid the
effect  of  zigzag  mode which  exist  in  hydrocarbon
chains (23).

EXPERIMENTAL SECTION

The  surfactants  CTAB  (CH3(CH2)14CH2N+(CH3)3Br-)
and  SDS (CH3(CH2)10CH2OSO3

-  Na+ in addition to all
aliphatic alcohols (ethanol, 1-butanol, 1-hexanol, 1-
octanol and 1-decanol) were used in highly purified
form  were  obtained  from  VWR  Chemicals  BDH,
Sigma-Aldrich,  and  Alfa  Aesar  companies.  3  wt%
aqueous solutions of each surfactant was prepared
using  freshly  distilled  water  at  concentrations  of
0.1072  and  0.08486  M for  CTAB  and  SDS,
respectively.  The  stock  solutions  of  alcohols  were
prepared  according  to  their  solubility  as  aqueous
surfactants solution of 3 wt% was used as a solvent
for non-water soluble alcohols. 

Measurements of dynamic viscosity (η) were carried
out using modified Ostwald apparatus as elaborated
in  Ref.  5.  The  temperature  was  controlled  within
±0.1  oC using water thermostated Hakke NK22. In
order  to  check the  reproducibility  of  the  data,  all
measurements  were  repeated  for  at  least  three
times. 

RESULTS AND DISCUSSION

An  investigation  that  deals  with  the  effect  of
aliphatic alcohols of different chain lengths on the
transformation from 3D to 1D shape of aggregate
may  afford  good  information  about  interesting
transition. This  is  due to the fact that the behavior
of alcohols differ significantly from each other from
molecular interactions point of view. For example,
the water solubility of ethanol is very high, while 1-
butanol is slightly soluble (7.9 g/100 mL), and 1-
hexanol  is  very  slightly  soluble  (0.6  g/100  mL),
while 1-octanol and 1-decanol are immiscible. As far
as the previous study indicates the sharp viscosity
peak  for  the  mixture  of  SDS  and  CTAB  due  to
presence  of  worm-like  micelle  which  is  lying  at
weight  ratio  80/20  of  3  wt.%  CTAB/SDS  (5).
Therefore, the first exploration should be about the
effect of the presence of alcohols on the position of
this peak. The results as illustrated in Figure 1 show
there  is  no  effect  on  the  position  of  this
characteristic  peak  due  to  presence  of  these
additives. Indeed, such achievement could provide
support to the CIF theory as the long length chain of
hydrophobic  group  plays  a  major  role  in  the
formation of wormlike micelles, as that for CTAB is
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exceeding by four CH2 groups in contrast to that of SDS (5). 

Figure 1: It exhibits that there is no effect due to presence of aliphatic alcohols (0.01 M) on the position of
the sharp viscosity peak at a weight ratio 80/20 of 3 wt.% CTAB/SDS at 25 oC.

The  effect  of  presence  of  alcohols  at  different
concentrations of 0.002, 0.010, 0.020, 0.030, and
0.040 on the sharp viscosity peak were investigated
at different temperatures as illustrated in Figures 2-
6, respectively. In general, these figures show clear
enhancement  in  the  ability  of  the  formation  of
threadlike micelles due to presence of alcohols at
different  ratios  except  1-octanol  according  to  the
following sequence: 

ethanol> 1-decanol> 1-butanol> 1-hexanol> 1-
octanol

Interestingly,  such  non-systematic  consequence  is
quite  parallel  with  the  principle  of  CIF  theory.
However,  the  significant  effect  of  ethanol  may be
related  to  the  intermolecular  interaction  of  its
hydroxyl  group with the  head groups of  spherical
micelle which then reduces the attraction between
the two oppositely charged molecules, that is, CTAB
and  SDS.  Then  the  stability  of  micelle  will  be
reduced  which  lead  to  the  transformation
phenomenon towards one dimensional  micelle. On
the other side, the relatively remarkable effect of 1-
decanol may be accepted for its long hydrophobic
chain of the similar length to that of SDS which may
cannot be covered by the hydrophobic core of 3D

micelle.  Then,  1-decanol  may  behave  as  a
surfactant through an increase of the hydrophobic
effect  that  is  responsible  for  the  transformation
towards  one dimensional  micelle  according to  CIF
theory (5). Another probability of 1-decanol may be
released when behaves as a surfactant  due to its
relatively long hydrophobic chain as involved within
the  structure  of  spherical  micelle  with  both  CTAB
and SDS which then reduces the attraction between
head  groups  leading  to  the  phenomenon  of
transformation. On the other side, 1-octanol shows
a  very  slight  effect  towards  the  transformation
phenomenon in comparison with others, even there
is a negative effect at relatively high concentration
as clearly displayed in Figure 6. The reason for this
comparatively unusual behavior of 1-octanol can be
related  to  the  considerable  stabilization  of  the
structure  of  3D  micelle  through  entering  its
hydrophobic core. Meanwhile, the behaviors of both
1-butanol and 1-hexanol may be correlated to the
hydrophobic effect due to excess in number of CH2

group in  contrast  to  that  of  both  ethanol  and  1-
octanol.  In  other  words,  the  activity  of  1-butanol
and  1-hexanol  towards  the  formation  of  one
dimensional  micelles  can  be  considered  as  the
mediator between those of ethanol and 1-octanol.
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Figure 2: Effect of the presence of aliphatic alcohols (ethanol, 1-butanol, 1-hexanol, 1-octanol and 1-
decanol) in concentration of 0.002 M on the top viscosity (η) of the wormlike micelle for the mixture of 3%

w/w CTAB/SDS surfactants in water of 80:20 ratio at different temperatures.

Figure 3: Effect of the presence of aliphatic alcohols (ethanol, 1-butanol, 1-hexanol, 1-octanol, and 1-
decanol) in concentration of 0.01 M on the top viscosity (η) of the wormlike micelle for the mixture of 3%

w/w CTAB/ SDS surfactants in water of 80:20 ratio at different temperatures.

Figure 4: Effect of the presence of aliphatic alcohols (ethanol, 1-butanol, 1-hexanol, 1-octanol, and 1-
decanol) at a concentration of 0.02 M on the top viscosity (η) of the wormlike micelle for the mixture of 3%

w/w CTAB/ SDS surfactants in water of 80:20 ratio at different temperatures.
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Figure 5: Effect of the presence of aliphatic alcohols (ethanol, 1-butanol, 1-hexanol, 1-octanol, and 1-
decanol) at a concentration of 0.03 M on the top viscosity (η) of the wormlike micelle for the mixture of 3%

w/w CTAB/ SDS surfactants in water of 80:20 ratio at different temperatures.

Figure 6: Effect of the presence of aliphatic alcohols (ethanol, 1-butanol, 1-hexanol, 1-octanol, and 1-
decanol) at a concentration of 0.04 M on the top viscosity (η) of the wormlike micelle for the mixture of 3%

w/w CTAB/ SDS surfactants in water of 80:20 ratio at different temperatures.

Figures 7 and 8 interpret the effect of changing the
concentration of aliphatic alcohols on the sharp peak
viscosity of 3% w/w CTAB/ SDS surfactants in water
of 80:20 ratio at 20 and 25 oC, respectively. Indeed,
the relationships of those figures indicating that the
ability  of  the  formation  of  wormlike  micelles

increases  with  increasing  the  concentration  of
alcohols except for that of 1-octanol. The reason for
this  can  also  be  related  to  the  same  of  above
discussion  for  the  relationships  of  Figures  2-6  in
terms of CIF theory.
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Figure 7: Effect of the presence of aliphatic alcohols (ethanol, 1-butanol, 1-hexanol, 1-octanol and 1-
decanol) in different concentrations on the top viscosity (η) of the wormlike micelle for the mixture of 3%

w/w CTAB/ SDS surfactants in water of 80:20 ratio at 20 oC temperature.

Figure 8: Effect of the presence of aliphatic alcohols (ethanol, 1-butanol, 1-hexanol, 1-octanol, and 1-
decanol) in different concentrations on the top viscosity (η) of the wormlike micelle for the mixture of 3%

w/w CTAB/ SDS surfactants in water of 80:20 ratio at 25 oC temperature.

CONCLUSION

On  the  basis  of  the  above  results,  one  could
conclude  that  the  theory  of  CIF  that  coping  the
transformation occurrence from 3D to 1D shape of
aggregate  is  still  the right  physical  insight  of  this
phenomenon.  Hence,  the  presence  of  aliphatic
alcohols  helps  for  reaching  the  critical  state  of
intermolecular forces of the formed spherical micelle
towards the formation of 1D micelle. While, for 1-
octanol the matter is quite different as the presence
of  1-octanol  satisfies  the  3D  shape  of  aggregate
which then it may work as inhibitor for reaching the
critical  state,  particularly when exists  at relatively
high  concentration.  Finally,  the  results
recommended that alcohols particularly ethanol and
1-octanol can be employed as adjustment reagents
for  controlling  required  viscosity  of  threadlike
micelles.
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