
ABSTRACT: The effect of aliphatic and aromatic hydrocarbons
on surfactant  micellar growth has been investigated by viscosity
measurements at 40°C. Aqueous and aqueous KBr (0.1 M) solu-
tions of 0.1 M cetylpyridinium bromide (CPB) showed that the
viscosity behavior changed substantially in the presence of KBr.
This is attributed to favorable conditions produced by KBr that
assist micellar growth by addition of hydrocarbons. Reasons for
the effectiveness of the solubilized hydrocarbons are suggested
and supported by theoretical arguments. The causes of viscosity
decrease at higher aromatic hydrocarbon concentrations are also
explained. Micellar growth with soluble aromatic/aliphatic hy-
drocarbons could also be initiated if a moderate salt concentra-
tion is present in CPB micellar solutions. The chainlength, solubi-
lization site, and molar volume of the soluble hydrocarbons all
affect the bulk viscosity of the solution. Such surfactant and hy-
drocarbon combinations may find use in micellar-enhanced ul-
trafiltration of benzene and its derivatives, but it should be kept
in mind that micellar shape may change and be more curved at
higher benzene derivative concentrations.
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Considerable progress has been made during the last fifteen
years regarding our knowledge of the properties and behavior
of surfactant solutions. Many studies have been devoted to
the elucidation of micellar structure under different condi-
tions. Cooperative self-association of surfactant molecules
into spherical micelles is the result of a delicate balance of
competing forces of hydrophobic interaction, repulsive inter-
action of head groups, hydration, and the energy spent in the
deformation of hydrocarbon chains (1). Initially, hydrophobic
interaction was thought to be the driving force for micelliza-
tion (2); later, considerable importance was given to London-
dispersion interactions (3).

In several surfactant systems in which solutions possess
viscoelasticity, there is a transformation of spherical micelles
to globular and rod-shaped micelles at  higher surfactant con-
centrations (4). Both phenomena are governed by several fac-
tors, such as electric affinity and size of the counter-ion, size
of the headgroup, and length of the hydrocarbon chain.

Since Stigter (5) reported the phenomenon of micellar
shape transition, the possibilities of changes of shape or size
have continually been proposed experimentally (6,7), math-
ematically (8), and theoretically (9). Examination of pack-
ing conditions of the micelles shows that the critical condi-
tions for formation of different micellar structures are the
following (8,10): (i) spherical micelles, v/al ≤ 1/3; (ii) glob-
ular or cylindrical micelles, 1/3 ≤ v/al ≤ 1/2; (iii) vesicles or
bilayers, 1/2 ≤ v/al ≤ 1; and (iv) inverted structures, v/al ≥ 1,
where v is the volume of the surfactant’s hydrocarbon tail, a
is the cross-sectional area per head group, and l is the length
of the fully extended hydrocarbon tail, obtainable from Tan-
ford’s formula (11).

Fang (12) used the packing ratio to explain a series of
phase transitions in three- and four-component systems. For
surfactants to form spherical shapes, a should be large. Sur-
factants with smaller a tend to form larger, less curved, or
even inverted aggregates. For ionic surfactants, the area
shrinking effect may be obtained by salt (with common
counter-ion) addition (13,14) or organic compound solubi-
lization (6,7,15–17).

Apart from a few reports (18–21) on viscosity enhance-
ment in the presence of hydrocarbons, no attempt has been
made to study the role of aromatic and aliphatic hydrocar-
bons in micellar growth processes. Only recently (6) has
study of this class of compounds attracted attention because
they are important constituents of microemulsions (21). They
are unique due to the large size of micelles, allowing the pos-
sibility of filtration with an ultrafiltration membrane having
pores large enough to reject aggregates that contain organic
pollutants. The performance of a filtration method is directly
related to the micellar size. A few surfactant and hydrocar-
bon studies are available but not in the context of micellar
growth (22).

More studies are needed to increase understanding of the
effect of hydrocarbons on the properties of micellar systems
and micellar growth. In the last few years, the authors have
reported micellar growth processes in the presence of various
alcohols and amines (7,15–17). These reports have shown
how these compounds can be used to vary the area per ionic
group (a), a parameter of overriding importance for such
growth processes.

During these studies, a few systems have been found that
showed peaked behavior in viscosity curves plotted against
additive concentrations when a salt and organic compound

Copyright © 1997 by AOCS Press 797 JAOCS, Vol. 74, no. 7 (1997)

*To whom correspondence should  be addressed.

Effects of Various Hydrocarbons on Micellar Growth
Sanjeev Kumar, Sara Liz David, and Kabir-ud-Din*

Department of Chemistry, Aligarh Muslim University, Aligarh-202002, India



(e.g., alcohol or amine) were both present in the system. The
viscosity decrease was explained in light of micellar core sol-
ubilization of organic compounds in the presence of salt. The
authors have measured the viscosities of micellar solutions of
CPB in the presence of different hydrocarbons with and with-
out added 0.1 M KBr to improve understanding of the effect
of soluble hydrocarbons, singly or concurrently with a salt,
on the growth process. The effect of alkyl chainlength and
aromaticity have also been investigated, and the authors show
how such combinations affect the variation of a in a mixed
surfactant system in which the mixed surfactant is a combi-
nation of surfactant (7), and soluble hydrocarbon.

EXPERIMENTAL PROCEDURES

n-Cetylpyridinium bromide (CPB, Merck-Schuchardt,
Munchen, Germany; purity >99%) was used as received. All
aromatic hydrocarbons (>99%) were from E. Merck (Bom-
bay, India) except that toluene was a Glaxo (Bombay, India)
Ltd. product. The aliphatic hydrocarbons (>99%), n-octane
and n-decane, were from Merck-Schuchardt, and from BDH
(Poole, England), respectively. Cyclohexane was from Glaxo
(India) Ltd. KBr (purity > 99%) was an E. Merck product. All
chemicals were used as supplied. The water used to prepare
the solutions was demineralized and double-distilled in an all-
glass distillation apparatus. The specific conductivity of this
water was in the range of 1–2 × 10−6 ohm−1 cm−1.

Stock solutions of CPB (in water or in 0.1 M KBr) were
prepared volumetrically. Sample solutions were made by
measuring the required volumes of the hydrocarbons with
micropipettes into volumetric flasks and making up the vol-
umes with the CPB stock solution. After proper mixing, the
sample solutions were kept overnight for equilibration. Prior
to the measurements, these solutions were kept at 40°C for at
least 1 h to attain thermal equilibrium.

Viscosities of the solutions were measured by an Ubbelohde
viscometer, thermostated at 40 ± 0.1°C. The flow time for sol-
vent water was 103 s. At least four flow-time measurements
were made for each sample, and mean deviations from the
mean of all measurements were required not to exceed 0.1 s.
Density corrections were not required because they were neg-
ligible (23). The method of viscosity measurement under
Newtonian flow conditions was followed as described else-
where (17). The effective specific volume, V, of CPB micelles
that contained varying amounts of hydrocarbons were com-
puted from:

[1]

where C is the concentration of the solution in g/cm3.
Einstein’s equation, modified for higher concentration

ranges of micelles in aqueous solutions (24), was used to ob-
tain the volume fraction, φ:

ηr = 1 + 2.5 φ + 14.1 φ2 [2]

RESULTS AND DISCUSSION

Table 1 records the viscosity data of 0.1 M CPB solutions
with added aliphatic/aromatic hydrocarbons in the absence
(Sa) and presence (Sp) of 0.1 M KBr. The aliphatic hydrocar-
bons have almost no effect (except cyclohexane in the pres-
ence of 0.1 M KBr). Furthermore, solubilities of n-octane and
n-decane in 0.1 M CPB micellar solutions are small; this pre-
cludes studies of these hydrocarbons at higher concentrations.
It has been suggested that the size of the hydrocarbon mole-
cule (i.e., its molar volume), its polarity, its location in the ag-
gregates, and its concentration influence the solubilization ca-
pacity of micelles (25); thus, all previously mentioned fac-
tors, in turn, would determine the additive’s capacity to
change the micellar shape and/or size. The slight increase of
viscosity with cyclohexane, a solute of low molar volume,
can be attributed to swelling of the micelle because cyclo-
hexane solubilization in the interior of the micelle is preceded
by palisade layer solubilization (26).

Except for a slight increase in viscosity of 0.1 M CPB mi-
cellar solution (without KBr) with aromatic oils, no marked
change is observed relative to aliphatic hydrocarbon addi-
tions. However, the aromatic hydrocarbons behave differently
when added to 0.1 M CPB solutions that contain 0.1 M KBr
(Table 1). 

The ability of benzene ring compounds to enhance micel-
lar growth may stem from interaction of the π-electron cloud
with the head group of the CPB, a behavior similar to that of
the surface area shrinking effect by addition of a salt or co-
surfactant. The resulting reduction of the head group charge
(and also a) favors micellar growth and allows the viscosity
value to increase (only in the presence of salt). In the absence
of salt (Sa), these additives behave much like the aliphatic hy-
drocarbons (Table 1, Fig. 1). 

A change in the viscosity behavior of the micellar solution
in the presence of KBr is possible due to increased counter-
ion association and dehydration of the micellar palisade layer.
It has been argued that the curvature of the micellar shape is
strongly influenced by the ratio a/ac, where ac is the effective
cross-sectional area of the hydrocarbon chain (27). In this
context, the addition of 0.1 M KBr would reduce a of the sur-
factant head group. The counter-ion association and subse-
quent reduction in a weakens the electrostatic interactions
with aromatic hydrocarbons. The dehydration effect will pre-
dominantly increase the micellar solubilization in the palisade
layer, which will cause an increase in the mutual interaction.
For lower hydrocarbon/amphiphile ratios, aromatic com-
pounds will become solubilized close to the polar surface of
the micelle, while at higher ratios solubilization also occurs
inside the micelle (28). Thus, micellar growth as well as an
increase in interparticle interactions occurs and causes a sub-
stantial viscosity change in the initial concentration range (be-
fore maximum) of the additive. Because turbidity appears at
higher concentration, further addition of aromatic hydrocar-
bons, whenever possible, may change the structure from
grown to swollen micelle due to an increased size of the hy-

V
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  = φ
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drophobic center (6). The latter effect is observed due to the
fact that the association structure can maintain spherical
shape because there is no conformational stress on the surfac-
tant tail to reach the center of the micelle.

If solubilization will only change the radius of the particle
present at the viscosity maximum, the ratio of length/radius
will decrease, even if the length of the micelle remains con-
stant. In such a situation, the particle structure tends slightly
towards the ellipsoidal side with a more curved surface than
the structure present at the viscosity maximum. This in-
creased sphericity of the particles will promote easier flow of
such solutions. This explains the slight decrease in the vis-
cosities of micellar solutions at higher aromatic hydrocarbon
concentrations (Fig. 2).

The data on effective specific volume, V, also confirm these
explanations regarding micellar shape and size (Table 1).
Table 1 also shows that the magnitude of viscosity at the max-
imum (ηr

max) is different for different aromatic hydrocarbons.
From the preceding discussion, it is clear that, for micellar
growth, the compound should be solubilized in the palisade
layer. There are two factors responsible for solubilization of
aromatic hydrocarbons in the palisade layer. The first is the
electrostatic interaction between the π-electron cloud and the
head groups of the micelle. The second is the molar volume of
the additive, which restricts the solubilization of the additive
as a whole and in the palisade layer in particular (29).

If equal micellar palisade layer volume is available for sol-
ubilization of aromatic hydrocarbons, then large numbers of
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TABLE 1
Relative Viscosities (ηr = η/ηo) and Effective Specific Volumes (V) of 0.1 M CPB Micellar Solutions in Absence (Sa) and Presence (Sp) of 0.1 M KBr with Added
Aliphatic and Aromatic Hydrocarbons at 40°Ca

Concentration of Concentration of Concentration of

hydrocarbon Sa Sp hydrocarbon Sa Sp hydrocarbon Sa Sp

(mM) ηr Vb ηr V (mM) ηr V ηr V (mM) ηr V ηr V

0 1.37 2.39 1.58 3.30

Cyclohexane Toluene Ethylbenzene
14 1.38 2.43 3.00 7.41 7 —- —- 5.03 11.26 6 —- —- 2.63 6.53
27 1.39 2.47 3.50 8.49 14 —- —- 44.13 41.31 12 —- —- 4.65 10.62
40 1.42 2.62 4.74 10.78 41 —- —- 52.36 45.27 25 —- —- 14.85 22.52
54 1.42 2.62 4.53 10.42 55 —- —- 133.09 73.88 31 1.44 2.71 —- —
65 1.48 2.88 3.85 9.18 68 1.49 2.93 220.44 95.85 37 —- —- 42.27 40.36
81 1.48 2.88 3.70 8.89 83 —- —- 291.08 110.52 49 —- —- 114.25 68.25
94 Turbid 1.60 3.38 96 —- —- 265.57 105.46 62 1.56 3.22 156.60 80.37

100 116 —- —- 209.88 93.46 70 —- —- 151.57 79.02
126 —- —- Turbid 80 —- —- Turbid

n-Octane
5 —- —- 1.77 4.00

136 1.79 4.08 93 1.62 3.45

8 -— —- 1.82 4.18
205 1.79 4.08 124 1.65 3.57

10 —- —- Turbid
273 1.97 4.68 155 1.77 4.00

14 1.42 2.62
296 2.04 4.89 160 Turbid

23 1.44 2.71
300 Turbid

25 Turbid

n-Decane o-Xylene Nitrobenzene
4 1.38 2.43 1.51 3.01 12 1.40 2.53 1.75 3.94 15 — — 3.93 9.34
7 1.22 1.60 — 25 1.43 2.66 6.47 13.43 30 — — 11.74 19.59
8 1.34 2.24 35 1.46 2.80 34.14 35.95 37 1.39 2.48 — —
9 Turbid 46 1.49 2.93 80.07 56.68 45 — — 30.98 34.10

Benzene
15 — — 3.22 7.90

57 1.50 2.97 198.77 90.88 60 48.86 43.63

32 — — 4.54 10.44

65 1.54 3.14 143.40 76.79 74 1.43 2.66 57.70 47.67

43 1.30 2.04 — —

70 Turbid — — 89 — — 39.02 38.66

48 — — 16.69 24.10

81 142.18 76.45 95 — — Turbid

64 — — 28.91 32.82

93 137.00 75.00 112 1.51 3.01

79 — — 51.74 44.98

100 Turbid 149 1.52 3.05

86 1.46 2.80 — —

186 1.68 3.68

96 — — 98.23 63.08

223 1.78 4.04

112 — — 92.48 61.12

2.30 Turbid

120 — — Turbid
129 1.53 3.09
172 1.56 3.22
215 1.63 3.49
239 1.63 3.49
250 Turbid
aCPB, cetylpyridinium bromide; KBr, potassium bromide.
bIn cm3/g.



viscosity should be increased for ethylbenzene or o-xylene.
The data show that ηr is highest with toluene and lowest with
nitrobenzene. This means that the previous two factors are
competing for the final micellar growth in solution, and hence
the viscosity is higher with aromatic hydrocarbons having
comparatively less molar volume (such as toluene). Nitroben-

zene has neither a
strong π-electron

cloud nor a low molar vol-
ume, which disqualifies it
as a viscosity enhancer.
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FIG. 1. Variation of ηr for 0.1 M CPB micellar solutions with concentra-
tion of the added aromatic hydrocarbons (in absence of KBr) at 40°C.

FIG. 2. Variation of ln ηr for 0.1 M CPB micellar solutions with concen-
tration of the added aromatic hydrocarbons (in presence of 0.1 M KBr)
at 40°C.

benzene molecules, due to its low molar volume, get solubi-
lized, and hence the viscosity of this system should become
higher. But reality is different. The strength of the π-electron
cloud, and hence the interaction with surfactant head groups,
will increase with the alkyl group in the benzene ring. Thus,
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