
Journal of Colloid and Interface Science 314 (2007) 712–717
www.elsevier.com/locate/jcis

The effect of structure of oil phase, surfactant and co-surfactant on
the physicochemical and electrochemical properties of

bicontinuous microemulsion

R. Sripriya a, K. Muthu Raja b, G. Santhosh b, M. Chandrasekaran a, M. Noel a,∗

a Central Electrochemical Research Institute, Karaikudi, Tamil Nadu, India
b Sri Paramakalyani College, Alwarkurichi, Tamil Nadu, India

Received 4 April 2007; accepted 30 May 2007

Available online 6 June 2007

Abstract

Efforts were made to prepare bicontinuous microemulsions with ten different oil phases involving aliphatic, linear, and aromatic hydrocarbons
as oil phases, two co-surfactants (n-butanol and n-pentanol) and two surfactants: cationic (CTAB) and anionic (SDS). Different weight percentages
were employed for the preparation of cationic and anionic surfactant based microemulsions as reported in the literature. Out of the 40 compositions
(10 oil phases × 2 co-surfactants × 2 surfactants) thus selected only 28 systems showed stable bicontinuous microemulsion phase. This behavior
is explained on the basis of the structures of various constituents present in the microemulsions. Viscosity variations of stable bicontinuous
microemulsions are found to depend mainly on the nature of co-surfactant. Conductivity behavior on the other hand depends mainly on the
weight percentage and composition of aqueous phase. The solubility of pyrene in the oil phase determines the excimer formation and fluorescence
behavior in microemulsions. The electron transfer property of both the water-soluble and the oil-soluble redox systems does not depend on the oil
phase and the co-surfactant. The significance and importance of characterizing well defined bicontinuous microemulsions is thus highlighted.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Bicontinuous microemulsions composed of dynamic inter-
twined microscopic networks of oil and water with surfactant
at the interfaces. They are advantageous over the conventional
medium with respect to the solubilization of the polar and the
nonpolar substrates, the electro catalytic activity and the low
toxicity [1].

Physicochemical and electrochemical characterization of
microemulsion is receiving considerable current attention due
to their potential implications in chemical, electrochemical and
biochemical processes. During the past few years the chemi-
cal and electrochemical preparation of the nanomaterials em-
ploying microemulsions is emerging as a potential area of
interest. Extensive reviews on the physicochemical and elec-
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trochemical characterization of microemulsions are available
[2–6].

Investigations in microemulsions generally focus on the
phase transitions from oil-in-water (O/W) to water-in-oil (W/O)
through bicontinuous phase. Different experimental approaches
are being employed to study the individual microemulsion
phases and phase transitions [7]. These include the conductivity
measurements [8–15], viscosity measurements [8,9,14], the flu-
orescence probe studies [15–17], the cyclic voltammetry [1,10,
16,18–20], NMR self-diffusion studies [11], and the cryo TEM
studies [11]. Conductivity for example tends to decrease with
decrease in the water content that is from O/W through bicon-
tinuous to W/O phase. Viscosity tends to increase with the oil
content. Fluorescence and diffusion behavior depends on the
partition of the probe between the water and the oil phases.
Cyclic voltammetric behavior also depends on the relative solu-
bility and the distribution of redox active molecule between the
oil and the water phases. Cryo TEM technique enables direct
microscopic observation of the phase changes.
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Practical applications of microemulsions and also bicontin-
uous microemulsions require more detailed characterization of
the individual phases rather than phase transition. The influ-
ence of individual components of the microemulsion phases on
the overall physicochemical behavior is also important. Only
very few detailed investigations on the characterization of bi-
continuous microemulsion are available. These include self-
diffusion behavior by the NMR technique [21], the electro-
chemical studies of redox active species using cyclic voltam-
metry [22], and the fluorescence probe distribution between
oil and water phases [23]. Brief discussions on the effect of
the oil chain length [24], the viscosity variations [25] and the
co-surfactant effect [21] on the behavior of bicontinuous mi-
croemulsions have also been reported.

The literature survey presented above suggests that many
interesting questions can still be raised regarding the structure-
property correlations, the stability and the physicochemical be-
havior of bicontinuous microemulsion phases. Under constant
weight percentage of water, oil, surfactant and co-surfactant
components, how does individual constituents and their mole-
cular structure influence the overall stability of the microemul-
sions, for example will linear and cyclic compounds as oil
phases exhibit similar stability? Can butanol and pentanol as co-
surfactants influence the bicontinuous microemulsion stability
under otherwise identical conditions? How does the oil phase
structure influence the rheology of the microemulsions? Can
the surfactant and the co-surfactant influence the viscosity of
the bicontinuous microemulsion? Which component of the bi-
continuous microemulsion significantly determines its overall
conductivity? How is it influenced by the water content? How
does the polarity of the microemulsion system compared with
the individual polarities of the oil and the water phases? How
does the molecular structure of the oil phase influence relative
polarity? Does the oil phase have any influence on the electron
transfer and the diffusion behavior of the redox active mole-
cules? These are some of the issues that are addressed here.

In the present work the effect of the oil phases, the sur-
factants and the co-surfactants on the physicochemical and
the electrochemical properties of the bicontinuous microemul-
sions are investigated. Oil phases having different structures
and co-surfactant with varying chain length were taken as
variables. A cationic surfactant cetyl trimethylammonium bro-
mide (CTAB) and an anionic surfactant sodium dodecyl sulfate
(SDS) were used for the preparation of microemulsions. The
compositions of microemulsions were kept constant. The mi-
croemulsions thus prepared were characterized by measuring
the viscosity, the conductivity, the fluorescence behavior of the
probes and the cyclic voltammetry of the redox active species.
Some interesting observations and generalizations are summa-
rized here.

2. Materials and methods

2.1. Materials

The surfactants CTAB (Merck) and SDS (BDH) were used
as received. The medium chain alcohols such as n-butanol
(Merck) and n-pentanol (Acros) were used as co-surfactants.
Aliphatic oil phases such as n-hexane (Merck), n-heptane
(SRL), isooctane (Merck), dodecane (Merck), tetradecane
(Merck), hexadecane (Merck), and cyclic systems such as cy-
clohexane (Merck), benzene (Merck), toluene (Ranbaxy), and
p-xylene (Sd fine chem.) were employed. Fluorescence experi-
ments were carried out using the molecular probe pyrene (Alfa
Aesar). In electrochemical experiments hydroquinone (Merck)
and ferrocene (Alfa Aesar) were chosen as electrochemical
probes for the cationic and the anionic surfactant based mi-
croemulsions, respectively. Double distilled water was used for
the preparation of solutions.

2.2. Preparation of microemulsion

Microemulsions were prepared by mixing the appropriate
components and stirred vigorously until clear. The basic com-
position for cationic bicontinuous microemulsion containing
CTAB (17.5 wt%), oil (12.5 wt%), co-surfactant (35 wt%),
water (35 wt%) and anionic bicontinuous microemulsion con-
taining SDS (8 wt%), oil phase (13.3 wt%), co-surfactant
(26.7 wt%), water (52 wt%) were taken from the literature [26].
Typically 50 g of the cationic microemulsion was prepared by
dissolving 8.75 g of CTAB in 17.5 g water and 6.25 g oil
then the liquid became turbid. To this 17.5 g co-surfactant was
added with constant stirring until the solution became clear and
stable. Similarly the anionic microemulsion was prepared by
dissolving 4 g of SDS in 26 g water and 6.65 g oil then the
liquid became turbid. To this 13.35 g co-surfactant was added
with constant stirring until the solution became clear and sta-
ble. Those microemulsions, which are clear and stable at room
temperature, are chosen for studies.

2.3. Physicochemical measurements

The relative viscosity of microemulsions was measured with
an Ostwald viscometer at 20 ± 0.1 ◦C.

The electrical conductivity of the microemulsions was mea-
sured using a DCM-200 conductivity meter equipped with a
CD-06 platinum conductance electrode coated with platinum
black. The conductivity was measured at 25 ± 0.1 ◦C.

Fluorescence measurements were done with a Varian eclipse
fluorescence spectrophotometer. The fluorescence emission
spectrum of pyrene (excitation at 337 nm) was used to obtain
the ratio of intensities of the first to the third vibronic peaks
(I1/I3). The concentration of pyrene was 9.89 µM. Good res-
olution of the bands was obtained at the slit width 5 × 2.5 nm.
The intensities for I1 and I3 are taken at 372 and 383 nm, re-
spectively.

2.4. Cyclic voltammetry measurements

Cyclic voltammetry measurements were carried out in an
Auto Lab model PGSTAT30 potentiostat/galvanostat controlled
with the (GPES) soft ware version 4.9 (ECO Chemie, B.V., The
Netherlands). An undivided cell with glassy carbon (Tokai GC
3 mm dia) as working electrode and platinum foil as counter
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Table 1
Relative viscosity (cP) of microemulsions measured at 20 ± 0.1 ◦C

Oil phases used n-Butanol as co-surfactant n-Pentanol as co-surfactant

CTAB SDS CTAB SDS

Hexane 4.9180 5.1242 – –
Heptane 5.4161 5.3343 10.1898 10.1232
Isooctane 4.7457 5.5177 9.9616 9.7130
Dodecane 6.2911 6.0962 13.1359 12.0283
Tetradecane 6.5573 6.2671 14.1237 11.7726
Hexadecane – – 14.3000 11.8246
Cyclohexane 6.8532 6.592 – –
Benzene 5.8970 6.695 – –
Toluene 7.1383 6.695 – –
p-Xylene 6.0688 6.592 – –

Table 2
Conductivity (mS cm−1) measurements of microemulsions measured at 25 ±
0.1 ◦C

Oil phases used n-Butanol as co-surfactant n-Pentanol as co-surfactant

CTAB SDS CTAB SDS

Hexane 5.356 7.004 – –
Heptane 3.708 7.828 0.927 4.429
Isooctane 3.708 8.034 0.927 4.326
Dodecane 4.944 6.901 1.442 5.974
Tetradecane 4.841 7.725 1.545 6.180
Hexadecane – – 1.751 6.489
Cyclohexane 3.708 6.592 – –
Benzene 4.017 6.695 – –
Toluene 4.017 6.695 – –
p-Xylene 3.914 6.592 – –

electrode was used. Saturated calomel electrode (SCE) served
as the reference electrode. The pretreatment procedure adopted
in this work for glassy carbon electrode to give reproducible
voltammetric responses in microemulsion medium was already
explained in an earlier communication [27].

3. Results and discussion

3.1. Stability of bicontinuous phases

In the present study ten oil phases, with two co-surfactants
(n-butanol and n-pentanol) and two surfactants—cationic
(CTAB) and anionic (SDS) were considered for the prepara-
tion of the stable bicontinuous microemulsions. Among the 40
combinations that were selected, 12 systems did not lead to a
stable microemulsion at room temperature (Tables 1–3). There
appears to be a compatibility requirement between the chain
length of the oil phase (alkane) and the chain length of the co-
surfactant [28]. Among the linear alkanes stable bicontinuous
microemulsions were formed up to tetradecane with n-butanol
as a co-surfactant. In the case of n-pentanol as a co-surfactant
except hexane, all other oil phases formed stable microemul-
sions.

Cyclohexane and aromatic compounds tend to form sta-
ble bicontinuous microemulsions with co-surfactant n-butanol.
However, with these oil phases stable microemulsions are
not formed with the co-surfactant n-pentanol. It appears that
n-butanol interact positively with linear as well as cyclic oil
Table 3
Fluorescence measurements (I1/I3) of molecular probe pyrene in bicontinuous
microemulsions

Oil phases
used

For pure oil
phases alone

n-Butanol as
co-surfactant

n-Pentanol as
co-surfactant

CTAB SDS CTAB SDS

Hexane 0.6561 1.0292 0.9236 – –
Heptane 0.6438 0.9742 0.9186 1.0206 0.8937
Isooctane 0.6789 1.006 0.9203 0.9996 0.9355
Dodecane 0.6007 0.9532 0.8592 0.9595 0.8700
Tetradecane 0.6232 0.8324 0.9522 0.8762
Hexadecane 0.6074 – – 0.9516 0.8826
Cyclohexane 0.6068 0.9999 0.9346 – –
Benzene 1.1677 1.0832 0.9841 – –
Toluene 1.0844 1.0925 1.0149 – –
p-Xylene 0.9618 1.0880 0.9976 – –

Note. Pyrene concentration 9.89 µM; excitation wavelength: 337 nm; slit width
5 × 2.5 nm I1/I3 values of pure alcohols in similar conditions; n-butanol:
1.1550; n-pentanol: 1.0358; I1/I3 value for water = 1.81.

phases thus minimizing the interfacial tension and stabilizing
the bicontinuous phases. n-Pentanol as a co-surfactant appears
to have a destabilizing effect with the oil phases containing
cyclic structure.

3.2. Viscosity

Viscosity is a characteristic property of any fluid. In mi-
croemulsions it is a macroscopic property, which largely de-
pends upon the type of aggregates present, on their interactions
and on the concentration. Thus it is mainly used to monitor the
microstructure of the system.

The present study reveals that the viscosity of bicontinuous
microemulsions highly depend upon the nature of co-surfactant,
with respect to its solubility in microemulsion phases and the
chain length. The effect of structure of oil phases is not signif-
icant in the viscosity of microemulsions. The structural effect
of the surfactant is very low in the case of n-butanol-based
microemulsions. n-Butanol based microemulsions exhibit sig-
nificantly lower viscosity as compared to that of n-pentanol
based microemulsions (Table 1, Fig. 1). The solubility of
n-pentanol in water (0.30 g ml−1) is significantly lower than
that of n-butanol (1.05 g ml−1). This variation reflects itself in
the viscosity of microemulsions prepared employing these two
co-surfactants (Table 1).

Both the cationic and anionic surfactants in n-butanol
based microemulsions show almost similar viscosity behav-
ior (Fig. 1). In general the viscosity values are found to in-
crease slightly with increasing chain length of the oil phase. In
n-pentanol microemulsions the viscosity increases only slightly
with oil phase chain length when anionic surfactant is em-
ployed. For cationic surfactant however the viscosity values
increase substantially with increasing oil phase chain length.
In CTAB systems, the amphiphile hydrocarbon chain length
is higher (C16) when compared to SDS (C12). Thus higher
surfactant–oil interaction leads to higher viscosity values in
CTAB based microemulsions.

The viscosity value for systems containing isooctane (oil
phase) slightly deviate from the trend observed (Table 1 and
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Fig. 1. Viscosity variations with the increase in chain length of the linear
oil phase employed. CB, CTAB/n-butanol/oil phase/water system; CP, CTAB/
n-pentanol/oil phase/water system; SB, SDS/n-butanol/oil phase/water sys-
tem; SP, SDS/n-pentanol/oil phase/water system. Viscosities measured at
20 ± 0.1 ◦C.

Fig. 1). In n-butanol based microemulsions the viscosity value
for the cyclic systems are substantially higher than those for
the linear systems. This may be due to the higher penetration
of cyclic oil phases into the surfactant palisade layer than the
linear alkyl chain oil phases. These observations indicate the
importance of the structure of the oil phase on the overall mi-
crostructure of microemulsions.

3.3. Conductivity

Conductivity is also another important indication of struc-
tural variation in bicontinuous microemulsion. n-Butanol based
bicontinuous microemulsions generally exhibit higher conduc-
tivity when compared to n-pentanol based microemulsions
(Fig. 2, Table 2). This may again be attributed to the higher
miscibility of n-butanol–water system and the transport of ionic
species in such miscible medium. CTAB microemulsions gen-
erally exhibit lower conductivity when compared to SDS mi-
croemulsions. It should be noted that in the weight percent-
age composition selected for these microemulsions, SDS mi-
croemulsion have substantially higher water content (52%) than
CTAB microemulsions (35%), which may lead to higher con-
ductivity of SDS systems. Hexane based microemulsions which
show stability only in n-butanol systems, are found to devi-
ate from the linear correlation indicated above (Fig. 2). The
cationic microemulsion involving hexane show higher conduc-
tivity, when compared to the observed trend.

During the phase transitions some correlations between the
viscosity and the conductivity changes have been frequently re-
ported in the literature. For example increase in conductivity is
normally associated with corresponding decrease in viscosity.
This type of inverse relationship is not noticed in a well-defined
bicontinuous system. For example, the viscosity changes de-
pend on the co-surfactant (higher viscosity for n-pentanol sys-
Fig. 2. Conductivity variations with the increase in chain length of the lin-
ear oil phase employed. CB, CTAB/n-butanol/oil phase/water system; CP,
CTAB/n-pentanol/oil phase/water system; SB, SDS/n-butanol/oil phase/water
system; SP, SDS/n-pentanol/oil phase/water system. Conductivities measured
at 25 ± 0.1 ◦C.

tems) whereas the conductivity changes depend more on the
surfactant (higher conductivity for SDS system). This is also
understandable because the viscosity depends on the rheology
of the overall microemulsion phase whereas the conductivity
depends on the total volume fraction of aqueous phase and its
composition.

3.4. Fluorescence measurements

Fluorescence measurements of the hydrophobic probe main-
ly depend on the polarity of the medium and hence in bicontin-
uous microemulsions it is a good indication of the polarity of
the microenvironment in the microemulsion structure.

The fluorescence data for pyrene molecule in water, individ-
ual oil phases, individual co-surfactants and all the bicontinuous
microemulsions are presented in Table 3. In this data the inten-
sity I1 at 372 nm is considered to be due to the excitation of
pyrene monomer, the intensity I3 at 383 nm is considered to
be due to the excimer formed between excited pyrene mole-
cule and the ground state pyrene molecule. The ratio of I1/I3
is a measure of polarity of the medium. Since pyrene reactant
is substantially more soluble in oil phases, excimer signal I3
is expected to be higher and I1/I3 is expected to be lower in
these phases [29]. In the present work also for all alkane oil
phases including cyclohexane, the I1/I3 value is closer to 0.65
(Table 3). In relatively polar n-butanol and n-pentanol medium
I1/I3 value where found to be 1.15 and 1.04, respectively. Aro-
matic compounds benzene, toluene and p-xylene may interact
with the photo-excited monomer as well leading to slightly
higher I1 value. Water is a highly polar solvent; the solubility
of pyrene in this solvent is less than 2 µM. Hence the possibility
of formation of excimer leading to I3 signal is extremely low in
water. Experimentally I1/I3 value is closer to 1.8 was obtained
for this medium.
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The following generalizations may be made regarding the
fluorescence probe behavior in bicontinuous microemulsions.
The I1/I3 values obtained by fluorescence measurements for
all the stable bicontinuous microemulsions are closer to 1.0.
This proves the partition of pyrene in the nonpolar oil phase
and the polar interfacial layer. The present study also reveals
that the I1/I3 value depends very little upon the co-surfactant
in conformity with the earlier reports [30]. The slight decrease
in I1/I3 value with increase in chain length almost in most of
the cases is due to the increase in microviscosity and also due
to the decrease of the distance over which the probes diffuse to
form an excimer. In isooctane there is a slight variation from the
normal trend observed for other oil phases. This proves that the
structure of oil phase is also an important factor in the I1/I3 val-
ues. Excimer concentration generally decreases with increase
in the surfactant concentration. Between the two types of mi-
croemulsions cationic surfactant based microemulsions have
higher surfactant concentration (17.5%) when compared to an-
ionic surfactant based microemulsions (8%). Thus the excimer
formation is lower in CTAB based microemulsions and thereby
higher I1/I3 values. The I1/I3 values in aromatic oil phase sys-
tems are closer to the respective pure oil phases. This is due to
complete solubility of pyrene in oil phases of the bicontinuous
microemulsions.

3.5. Cyclic voltammetry

The structural effects on the electrochemical behavior of mi-
croemulsions were investigated using cyclic voltammetry. In
general, ferrocene soluble predominantly in oil phase is em-
ployed as the electrochemical probe in the phase transition stud-
ies. However in the present work in addition to ferrocene, it was
decided to investigate one more electrochemical probe hydro-
quinone, which is soluble predominantly in the aqueous phase.
It may also be noted that hydroquinone is a quasi-reversible sys-
tem which would be more sensitive to electron transfer kinetics
when compared to ferrocene.

Typical cyclic voltammogram obtained for ferrocene in
SDS/hexane/n-butanol/water system is shown in Fig. 3a. The
anodic peak potential Epa, the anodic peak current Ipa and
the peak separation �Ep values were obtained for this redox
probe employing all the oil phases in n-butanol and n-pentanol
medium under identical conditions. Except in the case of
p-xylene based microemulsions these voltammetric data vary
only slightly with change in oil phase as well as co-surfactant.
There is only a small noticeable increase in �Ep (60 ± 4 mV)
values with alkyl chain length of the oil phase. The peak sep-
aration is significantly higher for ferrocene in p-xylene based
microemulsions (Fig. 3b). It appears that at least in such high
molecular weight aromatic systems, the oil phase (p-xylene)
adsorbs on the electrode surface and retards the electron trans-
fer process.

Fig. 4a shows the first quasi-reversible redox peak for hydro-
quinone in hexane/n-butanol/CTAB microemulsion. The peak
current, peak potential and the peak separation values were ob-
tained for this compound in CTAB microemulsions. There is no
systematic variation in the peak current values with alkyl chain
Fig. 3. Cyclic voltammograms of 2 mM ferrocene on GCE in microemulsions
at 20 mV s−1: (a) SDS/hexane/n-butanol/water, (b) SDS/p-xylene/n-butanol/
water.

Fig. 4. Cyclic voltammograms of 2 mM hydroquinone on GCE in microemul-
sions at 20 mV s−1: (a) CTAB/hexane/n-butanol/water, (b) CTAB/p-xylene/
n-butanol/water.

length. The peak separation values are found to increase slightly
with increasing alkyl chain length (for example, 327 mV for
hexane to 405 mV for dodecane) in n-butanol systems. The
peak current values are also slightly lower for n-pentanol
based microemulsions when compared to n-butanol based mi-
croemulsions. These observations suggest that some blocking
effect of the oil phase toward electron transfer is noticeable in a
quasi-reversible system like hydroquinone. p-Xylene based mi-
croemulsions once again are found to give significantly higher
�Ep values as shown in Fig. 4b suggesting inhibitive adsorp-
tion of this molecule on the electrode surface.

The cyclic voltammetric data obtained for all the bicontin-
uous microemulsions indicate broader similarity for both the
reversible and the quasi-reversible redox systems. Bicontin-
uous microemulsions contain fairly uniform and completely
connected aqueous domain network. The electron transfer
processes occur predominantly on the electrode-aqueous elec-
trolyte interface and the electrode–surfactant interface. The
electrode–oil interface does not contribute to the electron trans-
fer. Hence the overall electrochemical responses for redox sys-
tems do not depend significantly on the molecular structure of
the oil phase or the co-surfactant.

4. Conclusions

Physicochemical and electrochemical measurements need
not be confined to phase transition studies in microemulsions.
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The present study clearly illustrates the importance of physico-
chemical and electrochemical characterization of stable bicon-
tinuous microemulsion systems without any special consider-
ation for phase transitions. It is possible to achieve desirable
physicochemical properties by appropriately varying the con-
stituent molecules of oil phases, surfactant or co-surfactant,
while retaining the overall weight ratio of the bicontinuous
microemulsion. Some such interesting potentialities emerging
from the present studies include the following.

The oil phase of bicontinuous microemulsions need not be
restricted to linear alkanes. Even an aromatic hydrocarbon can
be used as oil phase. Such systems may be of interest for chem-
ical processes involving aromatic molecules and conducting
polymer synthesis. Of course the viscosity of the media involv-
ing long chain length oil phases and aromatic hydrocarbons are
relatively higher, which may also have favorable impact on rel-
atively slow organic phase reactions.

The impact of co-surfactant in influencing a variety of
physicochemical interactions is another significant highlight of
the present investigation. When relatively higher viscosity and
lower ionic conductivity is desired n-pentanol turns out to be a
better co-surfactant. This co-surfactant cannot be used for the
preparation of microemulsions containing aromatic hydrocar-
bons. In general for applications requiring low viscosity and
higher ionic conductivity n-butanol turns out to be a better
candidate. This co-surfactant also provides stability to a much
broader variety of oil phases.

The electrical conductivity and ion-transport behavior of bi-
continuous microemulsions are determined by the weight per-
centage and the composition of aqueous phase. The structure of
the oil phase has practically no role in this property.

Stable bicontinuous microemulsions behave as a well-
defined electrolytic medium for redox electrochemistry. The
electron transfer property as measured by the peak separation
value as well as the apparent mass transport property as mea-
sured by the limiting peak current value are found to exhibit
very little variations in all the bicontinuous microemulsions in-
vestigated except one system. This is indeed true whether we
employ a predominantly water soluble reactant or an oil sol-
uble reactant. This observation is true only for simple redox
reactions. The medium effects may be significant for coupled
chemical processes involving electrogenerated cation or anion
radicals. Such questions definitely deserve further investigation.

The present study thus opens up a new window of opportu-
nity to fine-tune the properties of bicontinuous microemulsions
by proper choice of individual molecular components with pre-
dictable property variations. There is considerable scope for
further research efforts in this direction.
Acknowledgments

The authors thank Department of Science and Technology
(DST), India for the financial support to carry out this work
and also thank Professor A.K. Shukla, Director, Central Elec-
trochemical Research Institute, for his support and encourage-
ment.

References

[1] J.F. Rusling, Pure Appl. Chem. 73 (2001) 1895.
[2] S.P. Moulik, B.K. Paul, Adv. Colloid Interface Sci. 78 (1998) 99.
[3] G.B. Behera, B.K. Mishra, P.K. Behera, M. Panda, Adv. Colloid Interface

Sci. 82 (1998) 1.
[4] J.F. Rusling, Modern Aspects in Electrochemistry, vol. 26, Plenum, New

York, 1994, p. 49.
[5] J.F. Rusling, Electroanalytical Chemistry, vol. 18, Dekker, New York,

1994, p. 1.
[6] Promod Kumar, K.L. Mittal (Eds.), Handbook of Microemulsion Science

and Technology, Dekker, New York, 1999.
[7] J. Georges, J.W. Chen, Colloid Polym. Sci. 264 (1986) 896.
[8] F. Podlogar, M. Gasperlin, M. Tomsic, A. Jamnik, M. Bester Rogac, Int.

J. Pharm. 276 (2004) 115.
[9] M. Chunsheng, Z. Minghua, Z. Qiau, J. Electroanal. Chem. 493 (2000)

100.
[10] J. Xu, G. Li, Z. Zhang, G. Zhou, K. Ji, Colloids Surf. A Physicochem.

Eng. Aspects 191 (2001) 269.
[11] Q. Li, T. Li, J. Wu, J. Colloid Interface Sci. 239 (2001) 522.
[12] A. Bumajdad, J. Eastoe, J. Colloid Interface Sci. 274 (2004) 268.
[13] P. Bauuduin, D. Tourand, W. Kunz, M.-P. Savelli, S. Pulvin, B.W. Ninham,

J. Colloid Interface Sci. 292 (2005) 244.
[14] M. Sanchez-Rubio, L.M. Santos-Vidals, D.S. Rushforth, J.E. Puig, J. Phys.

Chem. 89 (1985) 411.
[15] F. Bastogne, C. David, J. Photochem. Photobiol. A Chem. 136 (2000) 93.
[16] S.J. Chen, D. Fennel Evans, B.W. Ninham, J. Phys. Chem. 88 (1984) 1631.
[17] R.A. Mackay, S.A. Myers, A. Brajter-Toth, Electroanalysis 8 (1996) 759.
[18] R.A. Mackay, S.A. Myers, L. Bodalbhai, A. Brajter-Toth, Anal. Chem. 62

(1990) 1084.
[19] R.A. Mackay, S.A. Myers, A. Brajter-Toth, Anal. Chem. 65 (1993) 3447.
[20] G. Gounili, J.M. Bobbitt, J.F. Rusling, Langmuir 11 (1995) 2800.
[21] A. Ceglie, K.P. Das, B. Lindman, Colloids Surf. 28 (1987) 29.
[22] M.O. Iwunze, A. Sucheta, J.F. Rusling, Anal. Chem. 62 (1990) 644.
[23] M.E.C.D.R. Oliveira, G. Hungerford, M. da Gracia, H.D. Burrows, J. Mol.

Struct. 563–564 (2001) 443.
[24] H. Kunieda, K. Ozawa, K.L. Huang, J. Phys. Chem. B 102 (1998) 831.
[25] M. Gradzielski, H. Hoffmann, in: P. Kumar, K.L. Mittal (Eds.), Handbook

of Microemulsion Science and Technology, Dekker, New York, 1999,
p. 357.

[26] J. Gao, J.F. Rusling, D. Zhou, J. Org. Chem. 61 (1996) 5972.
[27] R. Sripriya, M. Chandrasekaran, M. Noel, Colloid Polym. Sci. 285 (2006)

39.
[28] G. Palazzo, L. Carbone, G. Colafemmina, R. Angelico, A. Ceglie, M. Giu-

stini, Phys. Chem. Chem. Phys. 6 (2004) 1423.
[29] P. Lianos, J. Lang, C. Strazielle, R. Zana, J. Phys. Chem. 86 (1982) 1019.
[30] P. Lianos, J. Lang, C. Strazielle, R. Zana, J. Phys. Chem. 86 (1982) 4809.


	The effect of structure of oil phase, surfactant and co-surfactant on  the physicochemical and electrochemical properties of  bicontinuous microemulsion
	Introduction
	Materials and methods
	Materials
	Preparation of microemulsion
	Physicochemical measurements
	Cyclic voltammetry measurements

	Results and discussion
	Stability of bicontinuous phases
	Viscosity
	Conductivity
	Fluorescence measurements
	Cyclic voltammetry

	Conclusions
	Acknowledgments
	References


