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Abstract

In this study, fluorescence techniques have been utilized to investigate the association and aggregation properties of aqueous
solutions of a pure lauryl alcohol-based bis-sulfosuccinate anionic gemini surfactant (BSGSLA1,8) with a flexible methylene (CH2)8

spacer. In addition to the fluorescence interaction behaviour of surfactant solutions of BSGSLA1,8 mixed with conventional sur-
factants, surfactant formulations using the anionic (sodium dodecyl sulphate (SDS)), cationic (cetyl trimethyl ammonium bromide
(CTAB)) and non-ionic surfactants (Triton X-100) used in industrial applications were also studied. The aggregation number and
micropolarity of the pure and mixed surfactant systems were investigated using steady-state fluorescence spectroscopy. The elec-
trolyte effect of different concentrations of sodium chloride (NaCl) on the aggregation number and micropolarity was also explored
for pure BSGSLA1,8. The best synergistic behaviour of BSGSLA1,8 was obtained with SDS compared to CTAB and Triton X-100.
The maximum reduction of the pyrene intensity ratio (I1/I3) was observed with a BSGSLA1,8 and SDS mixed surfactant solution.
The enhanced I1/I3 value of the mixed gemini Triton X-100 solution showed that mixed system is not as compact as pure BSGSLA1,8

surfactant micelles in the non-ionic surfactant.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction

Gemini surfactants have attracted considerable atten-
tion in the field of research. They consist of two
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hydrophobic chains and two polar head groups that are
covalently attached by a spacer group. Due to their
unique structure, they show many superior features com-
pared to conventional single-chain surfactants, such as
good water solubility, low CMC, better wetting and
foaming properties, and excellent surface activity in
aqueous solution [1]. The gemini surfactant BSGSLA1,8
used in our present study is the dimeric surfactant of two
sulfosuccinate-type anionic surfactants attached with
flexible methylene spacer, and may prove to be a high-
quality industrial surfactant with excellent properties.
Flexible spacers (such as methylene chains) allow to
the head groups to move relative to one another and
to adopt a preferred separation distance and orientation
based on solvation energetic and entropic considerations
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[2]. Sulfosuccinate anionic surfactants are mild com-
pared to other anionic surfactants [3]. Sulfosuccinate
surfactants have extraordinary performance properties,
such as foaming, strong wetting, emulsifying, and solu-
bilizing properties and excellent surface active properties
– low critical micelle concentration, high effectiveness
in reducing surface tension and biodegradability. These
surfactants have industrial utilities in numerous fields,
such as cosmetics, textile, polymers, paints and coating,
leather, printing and agriculture [4].

There are several previous reports on the micellization
behaviour of amphiphiles, most of which report either
cationic–cationic or cationic–anionic interactions [5–10]
using conductivity and tensiometric methods. However,
the present study used fluorometric methods to detect the
interaction between gemini and surfactant, which is scare
in the literature. Many other researchers used mixed sur-
factant studies [11,12] of gemini surfactants with other
conventional surfactants. Du et al. [11] have analyzed the
micellization behaviour mixtures of gemini anionic sur-
factant (alkyl benzene sulfonate gemini surfactant) with
conventional nonionic surfactants (C10F6) in aqueous
medium. Shang et al. [12] studied the phase behaviour
and microstructures of the Gemini–SDS–H2O ternary
system. In this particular paper, transmission electron
microscopy (TEM) was used to investigate the phase
behaviour, transition between phases and the microstruc-
ture of aqueous mixtures of cationic gemini surfactant
(12-3-12, 2Br−) and anionic surfactant sodium dodecyl
sulfate (SDS). Some other studies dealt with the mixed
surfactant systems of an anionic gemini surfactant and
oppositely charged conventional surfactant [13–16]. The
study reported in [13] used the mixed system of gem-
ini (C10H21CHOSO3

− Na+)2 (CH2OCH2)3 and CTAB
to analyze the cross-linking behaviour between gem-
ini surfactants and conventional cationic and nonionic
surfactants. The various factors responsible for the for-
mation of the cross-linked structure discussed in these
papers are the formation of cross-linked CTAB-rich
micelles. The gemini surfactant would act as cross-
linkers by having their two alkyl chains embedded in
the cores of two different CTAB-rich micelles [13,15].
Longer and flexible spacers of anionic gemini surfactants
are also favourable for cross-linked micelles [14–16].

The approach of present paper provides an appro-
priate description related to the industrial utility of
surfactant formulations of mixed surfactant solutions by
studying the fluorescence interactions of BSGSLA1,8
with anionic (SDS), cationic (CTAB) surfactants and
non-ionic (Triton X-100) surfactants. Fluorescence tech-
niques were used to investigate the interactions of pure
BSGSLA1,8 as well as binary mixed surfactant solutions.

Table 1
CMC values of SDS, CTAB and Triton X 100.

Surfactant name CMC (mM) References

SDS 8.0–8.20 [21–24]
CTAB 0.90–1.00 [21,24–26]
Triton X 100 0.24–0.27 [22,25,27]

Fluorescent techniques are widely used in biochem-
ical, biomedical, pharmaceutical, agriculture, forensic
and environmental pollution control analysis due to their
high sensitivity and great selectivity [17]. Initially, Turro
and Yekta [18] recommended this approach based on
the studies performed by Tachiya [19] on the kinet-
ics of the fluorescence quenching in micellar solutions,
which has been successively applied to determine the
mean aggregation numbers [20]. Steady-state fluores-
cence spectroscopy was used to calculate the aggregation
number and micropolarity [pyrene intensity ratio; i.e.,
the first and third vibronic ratio (I1/I3)]. The electrolyte
effect on the micellization of a pure BSGSLA1,8 sur-
factant solution was also investigated. The aggregation
number and micropolarity were calculated for the pure
BSGSLA1,8 surfactant solution at different concentra-
tions of NaCl.

BSGSLA1,8 was synthesized and CMC investigations
were performed as previously reported [1] by changing
�,�-dibromo alkanes to �,�-dibromo octane. The CMC
of BSGSLA1,8 was 0.0030 mol/L. The values for critical
micelle concentrations of anionic SDS, cationic CTAB
and nonionic Triton X-100 were taken from the research
papers referenced in Table 1 [21–27].

2.  Experimental

2.1.  Materials  and  methods

All of the reagents and chemicals were used without
any further purification throughout these studies. Lau-
ryl alcohol (98.0%), maleic anhydride (99.0%), ethylene
glycol (99.0%), sodium bisulphite (58.0%), p-toluene
sulfonic acid (98.0%), benzophenone (99.0%), chloro-
form (99.0–99.4%), petroleum ether (60–80 ◦C), sodium
chloride (99.5%) and Triton X-100 (100% active)
were procured from LOBA Chemie pvt. Ltd., Mum-
bai (India). Sodium dodecyl sulphate (SDS) (90.0%)
and toluene (99%) were purchased from Merck Spe-
cialities, Pvt. Ltd., Mumbai (India). Cetyl trimethyl
ammonium bromide (CTAB) (98.0%) was obtained
from SD FINE-CHEM LIMITED, Mumbai (India).
1,8-Dibromo octane (98.0%) was obtained from Spec-
trochem Pvt. Ltd., Mumbai (India). Pyrene (98%) was
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