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The effect of ethanol (C2 H5 OH), propanol (C3 H7 OH), and butanol (C4 H9 OH) upon the viscosity of tetradecyltrimethylammonium bromide (TTAB) solution in the presence or absence of KBr at 30 ◦ C was investigated, where the surfactant concentration CS is kept constant. In the absence of KBr, the relative viscosity
η r of TTAB solution increases linearly with the alcohol concentration CA , indicating that the alcohols do
not promote micelle formation of TTAB. In the presence of KBr, η r linearly decreases with CA for C2 H5 OH,
but it exhibits a maximum with increasing CA for C3 H7 OH or C4 H9 OH. The facts reveal that C2 H5 OH
or C4 H9 OH promotes the micelle formation of TTAB. A possible explanation is that the hydrophobicity of
the micellar interior is enhanced by KBr, so that C2 H5 OH or C4 H9 OH can dissolve in micelle and promotes
micelle formation. In the presence of KCl, which is less efficient in promoting the micelle formation of cationic
surfactant, both C3 H7 OH and C4 H9 OH have only a slight effect on the micelle formation. In contrast, due
to the hydrophilicity, C2 H5 OH cannot dissolve in micelles in the presence of KBr or KCl.
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suggested that the distribution coefficients were greatly
associated with the hydrophobicity of the micellar interior which could be enhanced by addition of NaCl. It is
well known that Br− is more efficient in promoting micelle formation of cationic surfactants than Cl− [35-37].
In the presence of KBr, the interaction of the non-polar
part of organic additives with micellar hydrophobic interior should be stronger than that in the presence of
KCl or NaCl. Accordingly, the additives even with short
hydrocarbon chain (e.g., C4 OH, C3 OH) can dissolve in
micelle and promote micelle formation in the presence of
KBr. In this work, we investigated the effect of organic
additives upon micellization of TTAB in the presence
of KBr by viscometry.

I. INTRODUCTION

The effect of organic additives upon micellization of
surfactants in solution has drawn considerable attention
[1-32]. It is widely recognized that an organic additive
with a long hydrocarbon chain can dissolve in micelle
and promote micelle formation of surfactants either in
the presence or absence of inorganic salts. On the other
hand, the organic additive with a short hydrocarbon
chain cannot dissolve in micelle because the hydrophobic interaction between the non-polar part of organic
additive and the hydrophobic interior of micelle is not
strong enough. In particular, the preferential solubilization of organic additives will decrease the surface energy
of micelle. As a result, the micelles of surfactants break
into small micelles in solution [30-31,33].
Kabir-ud-Din et al demonstrated that the effect of
organic additives is enhanced by inorganic salts such as
KCl [9-10,13,16-19]. Such an effect can be well characterized by viscosity measurement when the number of
carbon atoms in the organic additives is greater than
4. On the other hand, the lower chain length additives
(e.g. C4 OH, C3 OH, or C4 NH2 ) show marginal effect
on micelle formation even in the presence of KCl. This
is in a good agreement with the results presented by
Manabe et al. [34].
On the other hand, the hydrophobicity of micellar interior also has effect on the solubilization of the organic
additives. Høiland et al. studied the distribution coefficients of hexanol and heptanol in sodium dodecyl sulfate
(NaDDS) solutions in the presence of NaCl [27]. It was

II. EXPERIMENTS
A. Materials

The cationic surfactant tetradecyltrimethylammonium bromide (TTAB) was purchased from Alfa Aesar (purity of 99%). Ethanol, propanol, butanol, and
potassium bromide were A.R. grade and used as received. Distilled water was used to prepare various solutions. Both the solvent and the solution were filtered
with 0.45-µm filters prior to use.
B. Viscosity measurement

The viscosity measurements were carried out using
a conventional Ubbelohde viscometer that was placed
in a thermostatically controlled bath with a precision
of 0.01 ◦ C. Measurements were initiated after approximately 5-10 min equilibrium time. The flow time was
determined from an average of several readings (more
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than 5 readings). In this experiment, the surfactant
concentration CS is kept constant but the alcohol concentration CA is progressively increased. The relative
viscosity of micelle solution is calculated from the Eq.(1)
[3,38,39].
ηr =

t
t0

(1)

where t and t0 are the flow time of micelle solution
and the distilled water respectively. Both t and t0 are
longer than 100 s so that the kinetic energy correction
is neglected.
III. RESULTS AND DISCUSSION
A. Effects of alcohols on the viscosity of TTAB solution
in the presence or absence of KBr

Figure 1(a) shows how the relative viscosity η r of
TTAB solution varies with C2 OH, C3 OH and C4 OH
concentration CA in the absence of KBr at 30 ◦ C, where
CS = 0.1 mol/L. It can be seen that η r increases linearly

with CA in the whole range of concentration investigated. Note that such dependence does not imply that
alcohols promote the growth of micelle size, because the
solvent is distilled water instead of a mixture of distilled
water and alcohol. Figure 1(b) shows that η r increases
linearly with CA even in the absence of TTAB, suggesting that the dependence of η r on CA in Fig.1(a) should
be due to the contribution of alcohols.
When a mixed solvent is used, we define the relative viscosity of TTAB solution as η r 0 , where the contribution of alcohols to the relative viscosity of TTAB
solution can be subtracted. Figure 2 shows that η r 0 decreases perceptibly with CA . It is well known that the
preferential solubilization of alcohols in the surface of
micelles decreases the surface energy. As a result, the
aggregation number of TTAB in aqueous solution decreases [25-26,39]. This explains why η r 0 decreases with
increasing CA as shown in Fig.2.
Figure 3 shows how the relative viscosity η r of TTAB
solution varies with KBr concentration at 30 ◦ C, where
CS =0.1 mol/L. We note that η r sharply increases at the
high KBr concentration, indicating TTAB micelles have
changed from spherical micelles to rodlike micelles [11].

FIG. 2 The relative viscosity η r 0 of TTAB solution varies
with C3 OH concentration in the absence of KBr at 30 ◦ C.
η r 0 is determined by t/t0 0 where t0 0 is the flow time of the
mixed solvent of C3 OH and the distilled water.

FIG. 1 (a). The relative viscosity η r of TTAB solution varies
with C2 OH, C3 OH and C4 OH concentration in the absence
of KBr at 30 ◦ C. (b) The relative viscosity η r varies with
C3 OH concentration in the presence and absence of TTAB
at 30 ◦ C. The concentration of TTAB is kept constant of
0.1 mol/L. η r was determined by t/t0 where t0 is the flow
time of the pure water.
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FIG. 3 The relative viscosity η r of TTAB solution varies
with KBr concentration at 30 ◦ C.
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FIG. 4 The relative viscosity η r of TTAB solution varies
with C2 OH, C3 OH and C4 OH concentration in the presence
of 0.5 mol/L KBr at 30 ◦ C.

Figure 4 shows how the relative viscosity η r of TTAB
solution varies with alcohol concentration CA in the
presence of KBr at 30 ◦ C. At CA =0, η r ∼1.7 indicating TTAB micelles has changed from spherical micelles
to rodlike micelles in the presence of KBr as indicated in
Fig.3. Figure 4 also shows that η r gradually decreases
with the C2 OH concentration, suggesting that the micelle size of TTAB decreases. This is quite different
from the results shown in Fig.1(a), where the addition
of C2 OH increases the relative viscosity η r . The dependence of η r on CA for C2 OH in Fig.3 indicates that
the contribution of the decrease in micelle size to η r is
greater than the contribution of C2 OH to η r . Note that
the η r with C2 OH, C3 OH, or C4 OH exhibits different
dependence. As the concentration of C3 OH or C4 OH
increases, η r exhibits a maximum. A possible explanation is that the hydrophobicity of the micellar interior
increases due to the formation of TTAB rodlike micelles
in solution. As a result, the hydrophobic interaction of
alcohols with micelle increases accordingly. The alcohols with shorter chain (e.g., C4 OH, C3 OH), therefore,
dissolve in micelle and promote micelle formation due
to the hydrophobic interaction. This is why η r initially
increases with increasing CA . However, the excessive
alcohols would swell and even break the rodlike micelle
into small micelles. As a result, η r decreases with CA
when CA is above a certain value. Since C4 OH is a more
hydrophobic molecule than C3 OH, the maximum of η r
for C4 OH is greater than that for C3 OH. In contrast,
C2 OH is too hydrophilic to dissolve in micelle and promote micelle formation of TTAB even in the presence
of KBr.
B. Effects of C3 OH and C4 OH on the viscosity of TTAB
solution in the presence of KBr

Figure 5 shows how the relative viscosity η r of TTAB
solution varies with C3 OH concentration in the presence
of KBr at 30 ◦ C. At CA =0, η r increases with increasing
DOI:10.1088/1674-0068/21/02/169-173
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FIG. 5 The relative viscosity η r of TTAB solution varies
with C3 OH concentration in the presence of KBr with various levels of concentration at 30 ◦ C.

FIG. 6 The relative viscosity η r of TTAB solution varies
with C4 OH concentration in the presence of KBr with various levels of concentration at 30 ◦ C.

KBr concentration, indicating that the hydrophobicity
of the micellar interior increases with KBr concentration. Namely, the hydrophobic interaction of alcohols
with micelle increases with KBr concentration. Figure 5
also shows that η r sharply increases and then decreases
as CA increases at high KBr concentration. When KBr
concentration is 0.1 mol/L, η r linearly increases with
CA , like the case in the absence of KBr (Fig.1). Note
∗
, at which η r
that the critical concentration of CA or CA
exhibits the maximum, shifts to lower concentration as
KBr concentration increases. Obviously, the hydrophobic interaction between alcohol molecules and the micelle becomes stronger at high KBr concentration. It
is known that the distribution coefficient K (defined as
K=XaM /XaW , where XaM and XaW are the mole fraction
of alcohol in micelles and water phase, respectively [40])
is greatly associated with the hydrophobic interaction
of alcohols with micelle. Thus, K for C3 OH increases
at high KBr concentration. This is why η r exhibits the
maximum at lower CA in the presence of KBr.
Figure 6 shows how the relative viscosity η r of TTAB
solution varies with C4 OH concentration for TTAB in
the presence of KBr at 30 ◦ C. By comparing Fig.6 with
c
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IV. CONCLUSION

FIG. 7 The relative viscosity η r of TTAB solution varies
with C3 OH and C4 OH concentration in the presence of 0.5
mol/L KBr and 0.5 mol/L KCl at 30 ◦ C. (a)TTAB+0.5
mol/L KBr+C3 OH, (b) TTAB+0.5 mol/L KBr+C4 OH,
(c) TTAB+0.5 mol/L KCl+C3 OH, (d) TTAB+0.5 mol/L
KCl+C4 OH.

Fig.5, we know that η r also exhibits a maximum in the
presence of C4 OH. Since C4 OH is more hydrophobic
than C3 OH, C4 OH hydrophobically interacts with the
micelles more strongly.

C. Effects of C3 OH or C4 OH on the viscosity of TTAB
solution in the presence of KCl

As discussed above, as the hydrophobicity of the micellar interior increases, the short chain alcohol dissolves
in micelle and promotes the micelle formation. KCl is
less efficient than KBr in promoting micelle formation
of cationic surfactants. Therefore, the dependence of η r
on CA in the presence of KCl should be quite different
from that in the presence of KBr. Figure 7 shows that
η r ∼1.1 at CA =0 when KCl concentration is 0.5 mol/L,
indicating KCl is indeed less efficient than KBr in promoting micelle formation of TTAB. In other words, the
short alcohol (C3 H7 OH) is difficult to dissolve in the
micelle. In contrast to C3 OH, C4 OH is a more hydrophobic molecule. Figure 7 also shows C4 OH has
negligible effect upon the micellization of TTAB in the
presence of KCl. Note that η r in the presence of KCl is
less than that of salt-free solution at CA =0. A possible
explanation is that TTAB micelles associate together
to some extent in a salt-free solution due to the mutual
collision which makes different micelles sharing of the
common part of the palisade layer belong to the different micelles. The addition of KCl screens the electric
interaction and therefore breaks down the association of
the micelles. The viscosity of micelle solution, therefore,
decreases in the presence of KCl. Thus, the increase of
η r at high CA in the presence of KCl indicates that the
hydrophobic interaction between C4 OH and the micellar interior is very weak.
DOI:10.1088/1674-0068/21/02/169-173

This report shows that the viscosity measurement
can be used in studying the hydrophobic interaction between alcohols and TTAB micelle. Such a hydrophobic
interaction depends on the hydrophobicity of both alcohol molecules and the micellar interior. In the absence
of KBr, the hydrophobic interaction is not so strong
that alcohol molecules cannot dissolve in micelles. In
the presence of KBr, TTAB micelles change from spherical micelles into rodlike micelles, leading the hydrophobicity of the micellar interior to increase. As a result,
even the less hydrophobic alcohols such as C3 OH and
C4 OH can dissolve in micelle and promote micelle formation. In the presence of KCl, which is less efficient
than KBr in promoting the micelle formation of cationic
surfactant, either C3 OH or C4 OH shows little effect
on the micelle formation of TTAB. C2 OH is too hydrophilic to dissolve in micelles in the presence of KBr
or KCl.
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