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Abstract Potentially useful stead-state fluorimetric technique
was used to determine the critical micellar concentrations
(CMC1 and CMC2) for two micellar media, one formed by
SDS and the other by SDS/Brij 30. A comparative study
based on conductimetric and surfacial tension measurements
suggests that the CMC1 estimated by the fluorimetric method
is lower than the value estimated by these other techniques.
Equivalent values were observed for SDS micelles without
Brij 30 neutral co-surfactant. The use of acridine orange as
fluorescent probe permitted to determine both CMC1 and
CMC2. Based on it an explanation on aspects of micelle
formation mechanism is presented, particularly based on a
spherical and a rod like structures.
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Introduction

Surfactants tend to form micelles in aqueous solutions at a
characteristic concentration named critical micellar concen-
tration (CMC). When the concentration of a surfactant is
increased, the structure in water may change from single
molecules to spherical, rod- and lamellar-shaped micelles.
Spherical micelles are formed at the called first critical
micellar concentration (CMC1) [1–4]. The second CMC
indicates the structural transition from spherical micelles to
rod-like ones (CMC2). Many methods such as surface
tension, conductivity, solubilization, and light scattering [1]
have been used to determine the CMC1. These methods are
simple and easily utilized. However, few techniques have
been applied to determine the second CMC [3, 4]. The
occurrence of this second aggregation condition is due to a
new rearrangement of the micellar structures. The maximum
effective concentration for each surfactant falls within the
concentration range defined by the CMC1 and CMC2

values. The concentration latitude of this plateau region
depends upon the structure and hydrophobicity of the
particular surfactant, and the presence of hydrolilic sub-
stances, and as such may extend over orders of magnitude
[5]. In consequence, the profile of some physical properties
of the system as a function of the surfactant concentration
shows a break point (ex. conductivity, surface tension,
osmotic pression, etc).

Organized colloidal systems such as micelles, vesicles
and micro and nanoparticles have been focus of intense
scientific research, mainly considering the capability of
some of them as efficient drug delivery system [6–12].
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The formation of mixed micelles, involving two surfactants
is considered to be interesting in view of their more
energetically favorable properties than individual surfactants
in various commercial products [13]. Ionic/nonionic and
anionic/cationic mixtures of surfactants show significant
non-ideal behavior whereas mixtures of unlike surfactant
monomers with identical polar head groups and different
alkyl chains generally exhibit ideal mixing [13–16].

There are several methods to determine the CMC of
mixed surfactants systems: conductimetry, surface tension,
spectroscopy, etc [13]. Sodium dodecyl sulphate, SDS, in
water presents a CMC1 of 8 mM measured by surface
tension [16]. In anionic micelles there are strong ionic
interactions at the electrical double layer. Adding a neutral
co-surfactant, are expected to bring additional favorable
interactions to low down the energy in the micellar system
formation. Neutral surfactants present no ionic counter-ion
and attractive interactions with cationic counter-ion from
SDS. So, a lower cmc is expected in a mixed micellar system.

Photophysical processes have high sensitivity to inves-
tigate the dynamics and the structure of the surfactant
systems [17–19]. Dyes have used with success as fluorescent
probes to estimate the CMC [16, 17, 19, 20] and in the
sensing of other physical properties of organized media [10–
12, 21–25].

In the present work, acridine orange was used as
fluorescent probe in the SDS-Brij 30 (polyoxyethylene 4
lauryl ether) system. An easy and useful method that uses
the spectroscopic acridine orange properties to study the
micelle characteristics of SDS and Brij 30 system is
presented (chemical structures of SDS, BRIJ 30 and
acridine orange are exhibited in Fig. 1).

Experimental

The measurements were performed by the steady-state
spectrofluorimetric technique using cuvette with 1.00 cm
optical path length. The dye acridine orange (Merck) was
recrystallized from methanol. Sodium dodecyl sulfate
(Sigma, 99%) was used after recrystallization from acetone
and treated by solvent extraction to remove traces of long-
chain N-alkyl alcohol. Tetraoxyethylene dodecyl ether (Brij
30, Sigma) was used as purchased. The surfactants and dye
concentrated stock solutions were prepared using Milli-Q
bidistilled and deionised water.

Electronic absorption spectra were measured using a
HITACHI U-2000 spectrophotometer, and the corrected
steady-state emission spectra were recorded using an F-
4500 Hitachi spectrofluorimeter. The analyses in water
were performed with solutions of SDS (concentration fixed
at 120 mM) and of Brij 30 (concentration range from 0 to
120 mM) in the presence of the dye (1.0×10−5 M).

The conductimetric measurements were performed using
a conductimetric cell, with the solutions prepared by
adding, via a microsyringe, the appropriate amounts of
concentrated stock solution of the fluorophores and
quencher to the SDS/Brij 30 solution, followed by stirring
and a stabilization period of time before measurements.

The surfacial tension measurements were obtained in a
ring Tensiometer using 35 mL of solution containing SDS
at different concentrations. More details of this technique
were presented earlier [37]. Briefly, small volumes of a
SDS stock solution (500 mM) was injected with a syringe
into the cuvette with water and acridine at 10 μM.

Results and discussion

Conductimetry and surfacial tension analysis were used as
comparative methods. The results were compared with the
fluorimetric ones in order to detect the micellar transitions
more accurately due to its sensitivity and reproducibility.
The obtained CMC values of SDS by fluorescence and
conductimetric measurements are shown in Table 1. The
same procedures were used for both techniques and as
expected, these properties changed with the Brij 30 content
in the SDS system [21]. These CMC values were obtained
at the inflexion point of the curves (fluorimetric determi-
nation exemplified in Fig. 2). The fluorescence variation
occurs due to the interaction between the probe and
surfactant monomer [19] and dye–dye interactions at the
negatively charged surface of the SDS micelles. The CMC1

values obtained by fluorescence are lower than the values
obtained by conductimetric measurements (without probe).
This difference probably is due to the dye-monomer
attractive charge interaction forming the ion pair species
(dye+-DS−), which shows low solubility in water medium.
This ion pair can induce the pre-micelle formation (before
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Fig. 1 Chemical structure of acridine (probe), SDS and Brij-30
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the CMC1) and it is plausible to consider that the probe
located in the micelle surface contributes to the micelle
formation (firstly CMC1 and, after that, CMC2) [20, 27–
30]. The same fact was observed for SDS/methylene blue
micelle system [26]. At low [SDS], during the pre-micellar
phase, the sharp decrease in the fluorescence emission
spectra is showed in Fig. 3, which should be due to the ion
pair formation with consequent dye-dye self-aggregation
process (leading to dimer, trimer and other acridine self-
aggregates), which reduces the fluorescence yield by self-
quenching processes. Indeed, the presence of Brij 30 in the
SDS system did not change the dye fluorescence profile as
[SDS] increases. As illustrated in Fig. 2, this fluorescence
reduction is observed at [SDS] <0.2×10−2 mol.L−1. At the
micelles formation point (CMC1), the molecules of acridine
are re-distributed to the SDS micelles leading to a dye de-
aggregation process (probe monomerization with sharp
fluorescence enlargement) where the ratio [CMC1]/[probe]
is approximately 770 in 0.5×10−2 mol.L−1<[SDS]<1.5×
10−2 mol.L−1 (at Brij 30 absence) (Fig. 2). For CMC2,
despite the fluorescence changes much less remarkable than
for CMC1, this critical point could be detected (Fig. 2). The

fluorescence results for CMC2 can be ascribing on the basis
of structural micellar changes corresponding to the second
break (structural transition from spherical to rod-like
micelles) with the probe rearrangement [31, 32].

The addition of Brij-30 in water SDS system promotes a
decrease in the CMC values, both CMC1 and CMC2 (Fig. 4
and Table 1), due to the elimination of water molecules of
the micelle core. The addition of a nonionic surfactant also
promotes an increase in the aggregation number of the
micelle, accompanied by size enlargement [13]. Such
changes in the CMC2 may be due to the sphere to rod
transitions that could be accompanied by a change in the
degree of counter ion binding. This can be achieved by the
inclusion of additives, which at higher surfactant concen-
tration could lead to the change in the geometry of the
micelle. Additionally the decrease in the CMC values is
explained by the fact that Brij-30 enhances the micelle
formation tendency at lower SDS concentration. The
micellization process is also thermodynamically favored
when Brij-30 is added to the SDS solution [13]. An
increase in the polidispersity is also expected [4]. This fact
is in accordance with the thermodynamic theory of the
aggregation of amphiphilic species [16]. The mixed system
has a decrease in the micelle surface polarity due to the
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Fig. 2 Relative fluorescence intensity of acridine orange as a function of
SDS concentration showing the regions of CMC1 and CMC2, T=298 K
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Fig. 3 Emission spectra of acridine orange at increasing concentrations
of SDS, T=298 K. λExc=420 nm

Table 1 CMC values for the SDS as function of Brij-30 mole fraction obtained by fluorimetric (F) and conductimetric (C) techniques, T=298 K

Brij 30 mole fraction CMC1, mM (F) CMC2, mM (F) CMC1, mM (C) CMC2, mM (C)

0 7.70 50.00 8.40 48.00
0.05 4.70 9.20 6.40 12.00
0.10 2.80 7.40 5.60 8.90
0.15 1.70 3.72 4.70 7.30
0.20 1.40 3.88 4.30 7.00
0.30 0.80 4.02 3.80 6.80
0.40 0.50 3.67 3.10 6.50
0.50 0.40 3.50 2.90 6.20
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penetration of Brij-30 molecules into the micelle that could
be accompanied by a increase in the counter ion (Na+)
binding to DS− contributing for CMC decreasing.

The Brij-30 at CMC2 alters this micellar transition phase
(sharp decrease from 0 to 0.05 molar fraction, after it the
measured CMC2 suffers a small decrease), however the
probe presence or absence does not seem to interfere in this
value (noticed as small changes of probe fluorescence
emission at this CMC2 (see Fig. 2)).

It seems clear that these two CMC (the first and second
CMC) obtained for SDS and SDS/Brij-30 mixtures are
related to the formation of mixed micelles with predomi-
nant DS− presence. The apparent discrepance between the
fluorimetric and conductimetric results of CMC1 can be
ascribed to the decrease of charge density by area in the
micellar surface because the increase of the amount of Brij
30, which tends to diminish the interaction between the dye
and the micelle surface. However, the present results are
corroborating with the data from surface tension measure-
ments (Fig. 5), estimated in a previous work on the CMC1

for this system [13]. In these surface tension measurements
(Fig. 5), it is showed that the positively charged acridine
orange interacts with negatively charged of SDS to induce a
small decrease in CMC1 (from 7.5 to 6.0 mM). This kind of
phenomenon has been reported by several researchers. A
value of 4.6 mM was reported for SDS in PBS buffer by
Machado et al. [21], very close to the estimated by Benito
and co-workers [33] (5.0 mM), using methylene blue as
fluorescent probe, in buffered medium, whereas the present
CMC value of SDS using pure water as solvent was
7.5 mM [21], in good agreement with the value reported in
the literature [34, 35]. The values found for buffered
solutions are not properly the CMC of SDS, but a critical
aggregation concentration (CAC). These lower values are
an indication of a cooperative effect due to the presence of
electrolytes in solution, since the electrolytes tend to actuate

reducing the repulsion between the hydrophilic groups of
the micelle [36]. A similar effect is also observed when
certain molecules, as long chain alcohols, emulsifying
agents, salts, etc., are added to the solution containing the
surfactant, resulting in quasi-micelle aggregates with the
surfactant [33, 36, 37].

Conclusions

The fluorimetric technique is a powerful tool to investigate
the first and second CMC of the mixed system. Acridine
orange was suitable as fluorescence probe to estimate
CMC1 and CMC2 in a simple micelle system of SDS and
in a mixed one with Brij 30—a neutral co-surfactant. The
first CMC is more pronouncedly affected by BRIJ 30 molar
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fraction than CMC2. Fluorimetry was much more sensitive
to detect the decrease in both CMC values due to external
contaminants or by the presence of a co-surfactant.
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