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ABSTRACT

The micellization behavior of a cationic surfactant, cetyltrimethyl ammonium bromide (CTAB) and an anionic
surfactant, sodium dodecyl sulphate (SDS) was investigated in presence of hen egg yolk. Surfactant solutions
with a wide range of concentrations (2 x 107 to 11 x 107 M for SDS and 0.5 x 107 to 1.4 x 10° M for CTAB)
both below and above critical micelle concentration (SDS formed CMC at 6.82 x 107 and CTAB at 10.34 x 107
M) were prepared. The change in specific conductance with the amount of added hen egg yolk was used to
determine the CMC, ionization degree (@) and counterion binding of the micelles (f), to study the interaction of
hen egg yolk with the surfactants in solution. It is noteworthy that egg yolk significantly influenced the CMC of
both surfactants. The CMC for SDS increases strongly with the gradual addition of egg yolk. As a general rule
it is believed that electrical repulsion among the ionic head groups of anionic surfactant SDS and egg yolk are
responsible for the formation of micelle at higher CMC. On the other hand a decrease in CMC with the
addition of egg yolk has been noted for cationic surfactant CTAB. Examination of this behavior ended strong
interaction between the head groups of cationic surfactant CTAB and egg yolk fatty acids favor the micellization
process.
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1. INTRODUCTION

The interaction of surfactants with the presence of added electrolytes, polymers, copolymers has been studied by
several groups (Goddard and Ananthapadmanaban, 1993; Kwak, 1998; Jonsson et al., 1998; Zhai, et al., 2005).
It offers a wide range of fascinating possibilities of the complex ways in which the surfactant molecules can
associate into supramolecular or nanoscale structures. The properties of the systems can be tuned simply by
varying the composition, which is an attractive alternative to the synthesis of new materials (Patist et al., 1998)
and to carry out some organic reaction (Lipshutz and Taft, 2008) such as Heck reaction, aldol condensation
reaction etc.

This is particularly true when there are attractive interactions between the surfactants, as is the case in mixtures
of anionic and cationic surfactants. The picture of this interaction is supported by investigations performed by
Koehler et al. (2000). They found that the mixing of anionic surfactant sodium oleate (NaOA) with cationic
surfactants (from the family of alkyl trimethylammonium bromide) a million-fold increase in the viscosity
relative to that of the single surfactant was obtained. That study illustrates how strong interactions between head
groups can facilitate micellar growth and enhance the rheological properties of the system, which had a
significant effect on their applications.

Penfold et al. investigated the structure of mixed surfactant micelles of sodium docecyl sulfate (SDS) and
hexaethylene glycol monododecyl ether (C,Eq) in the presence and absence of hexadecane (Penfold and
Staples, 2002). They have observed that solutions rich in nonionic surfactant favored the formation of small
globular micelles with dramatic changes in micellar size. The solubilization of the alkane suppressed the
micellar growth. It suggests that the addition of alkane changes the balance of the steric and electrostatic
contributions of the headgroups to the free energy of micellization, therefore favoring the formation of short
rods. Menge et al. also observed the latter effect in dilute solutions of pentaethylene glycol monododecyl ether
(C12Es) upon addition of small amounts of decane, causing a transition from elongated wormlike micelles to
microemulsion droplets (Meng et al., 1999).

The modification of this micelle core with hydrophobic groups highlighted the importance of a hydrophobic
environment for efficient catalysis in water (Mase et al., 2006; Hayashi, 2006; Aratake et al., 2007). It is well
established that carrying out organic reactions in water based micelle nanoreactor can have advantages over that
in solution or bulk (Tascioglu, 1996). Nanoreactors, can concentrate reactants through compartmentalization
(Monterio, 2010), resulting in a considerable increase in the rate of product formation, faster and better
controlled reactions. Furthermore, water provides an environmentally friendly medium (Butler and Coyne,
2010) with the potential to significantly reduce the amount of organic solvents in the synthesis pharmaceuticals
and fine chemicals.
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To the best of our knowledge there are no reports of the interaction of surfactants with egg yolk components. In
this work, we have first studied the interaction of hen egg yolk on the micellization of SDS and CTAB through
conductivity measurement. We have determined the critical micelle concentration (cmc), ionization degree o
and the counterion binding B, with the addition of different amount of egg yolk.

2. EXPERIMENTAL PROCEDURE
2.1 Materials

The surfactants SDS and CTAB were Aldrich products and were used as received. Hen eggs were collected
from local shop. Deionized distilled water was used in the preparation of all the solutions.

2.2 Measurements

The CMC value of pure SDS and CTAB were determined by conductivity measurement method. A series of
solution such as 2 x 107, 3 x 107, 4 x 10°,5 x 10°,6 x 107,7 x 107,8 x 107,9 x 107,10 x 107,11 x 10° M
were prepared for SDS. The concentration of the prepared CTAB solution were 0.5 x 1072, 0.6 x 107, 0.7 x 107
308 x107%,0.9 x 10°,1.0 x 107, 1.1 x 107, 1.2 x 10?, 1.3 x 107, 1.4 x 10~ M. Specific conductance of this
surfactant solutions were measured upon the consecutive addition of different amount of egg yolk into each
surfactant solution. All measurements were carried out with the help of a digital conductometer.

3. RESULTS AND DISCUSSION

Figure 1 represents the determination of CMC of pure SDS and CTAB in water using conventional conductivity
method. A break is observed in the value of conductivity of the micellar solution with the formation of the
micelles. The breaks in the specific conductance vs concentration plot attributes to the beginning of micelles, i.e
to CMC. It is seen that SDS formed CMC at 6.82 x 10~ and CTAB at 10.34 x 10™* M.
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(a) . Plot of conductance vs varying concentration of pure SDS. (b). Plot of conductivity vs varying concentration of pure CTAB.

Figure 1: Determination of CMC value for the aqueous solution of (a) SDS and (b) CTAB
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Figure 2: (a) Effect of different amount of egg yolk on the CMC, premicellar and postmicellar concentration of
SDS. (b) Plot of specific conductance conductance vs concentration of SDS in the presence of
various amount of hen egg yolk.

The effect of egg yolk on the CMC value of SDS and CTAB were studied by preparing a range of premicellar
and postmicellar concentration solutions. It was observed that the successive addition of different amount of egg
yolk into each solution of SDS and CTAB provided conductance variation. Figure 2(a) represents the
dependence of conductance at CMC, premicellar and postmicellar aqueous solution of 2 x 10, 3 x 102, 4 x 10°
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35%x107%,6 %103 7% 10°,8x 10%,9 x 102,10 x 107, 11 x 10 M solutions of SDS with the addition of
different amount of egg-yolk.

Surprisingly, two different trend of conductivity was obtained at premicellar and postmicellar solutions. At
premicellar concentration the conductivity always increased with increasing the amount of egg-yolk. It varies
slightly at CMC, but always decreased at postmicellar concentration with increasing the amount of egg yolk.
Then the Figure 2(b) used for determining the CMC value, ionization degree (o) and counterion binding of the
micelles (B), of different solution of SDS. Ionization degree of the micelles a, has been calculated as the ratio of
the slopes of the two intersecting lines as in Figure 1 and then B has been calculated using the formula p=1-a
(Dominguez et al., 1997). The results are presented in Table-1.

Table 1: Increase in CMC, degree of surfactant ionization (o) and counterion binding (B) for micellization of
surfactant SDS with the addition of egg yolk.

Amount of egg Critical micelle Ionization degree Counterion
yolk added (in mL) concentration (M)  of the micelle, a binding, B

0.00 6.82 x 10~ 0.21 0.79

0.25 7.39 % 10 0.50 0.50

0.50 7.77 % 107 0.71 0.29

0.75 7.80 x 107 0.73 0.27

1.00 7.81 x 107 0.66 0.34

1.25 8.32x 107 0.54 0.46

1.50 8.45x 107 0.53 0.47

1.75 8.52 x 107 0.58 0.42

2.00 8.53 x 107 0.49 0.51

These results suggest that there is a electrical repulsion between the polar head groups of SDS and egg yolk fatty
acid during micelle formation. Electrical repulsion among the ionic head groups of the same charge results an
increase in the CMC value of SDS with increasing the amount of egg yolk.
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Figure 3: (a) Effect of different amount of egg yolk on the CMC, premicellar and postmicellar concentration of
CTAB. (b) Plot of specific conductance vs concentration of CTAB in the presence of various amount
of hen egg yolk.

Table 2: Increase in CMC, degree of surfactant ionization degree (o) and counterion binding (p) for
micellization of surfactant CTAB with the addition of egg yolk.

Amount of egg yolk Critical micelle Ionization degree of ~ Counterion binding,
added (in mL) concentration (M) the micelle, o B
0.00 6.82 x 107 0.21 0.79
0.25 739 x 107 0.50 0.50
0.50 777 x 107 0.71 0.29
0.75 7.80 x 107 0.73 0.27
1.00 7.81 x 107 0.66 0.34
1.25 8.32x 107 0.54 0.46
1.50 8.45x 107 0.53 0.47
1.75 8.52 x 107 0.58 0.42
2.00 8.53 x 107 0.49 0.51
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Similarly, the variation of conductance with the addition of different amount of egg yolk at CMC, premicellar
and postmicellar concentrations of CTAB is depicted in Figure 3(a). A completely different trend of
conductivity pattern is observed compare to SDS. It is observed that the conductivity always increased at all
concentration of aqueous solution of CTAB. The changed CMC value, ionization degree (o) and counterion
binding of the micelles (B) were calculated from Figure 3(b).

It is clear from the results that the addition of egg yolk lowers the CMC value of CTAB. The CMC value
decreased with increasing the amount of egg yolk. The trend of this behavior could be explained in terms of
strong interaction between the polar head groups of egg yolk fatty acid and CTAB. Strong ion-pairing may
occur between the oppositely charged counter ions of CTAB and fatty acids. The electrostatic attraction among
the ionic head groups may enhance the micellization process.

4. CONCLUSION

The micellization behaviors of anionic surfactant SDS and cationic surfactant CTAB have been examined
separately by adding different amount of egg yolk in succession. It was found egg yolk significantly influences
the micellization process of both surfactants. In case of SDS the addition of egg yolk retards micellization
process which leads to an increase in the CMC. On the other hand, micellization process of the aqueous solution
of CTAB favors with the addition of egg yolk. The obtained results can be represented by the following Figure
4.
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Figure 4: Graphical representation for observed CMC values of surfactant, SDS-Egg yolk & CTAB-Egg yolk
by conductivity

Hence the final trend of critical micelle concentration for the present work is: Cationic surfactant-Egg yolk <
Surfactant < Anionic surfactant-Egg yolk.
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