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Surfactants have a tendency to accumulate at the air-liquid
interface and thus they can change the properties of interface.
In addition, because of their amphipathic structures, they can
congregate to form a stabilized entity, called micelle, after the
attainment of critical micelle concentration (CMC)'. One of
the most outstanding properties of surfactants are their ability
to solubilize molecules which otherwise would not be soluble
in water. Many dyes, polynuclear hydrocarbons and proteins
are stabilized in presence of micelles through displaying
marked spectral and colour changes. The interaction between dyes
and surfactants are subject of numerous investigations>*%'°,
Among the different industrial applications, surfactants are
used in dye industry as they can wet'' and help in the dispersion
of dyes, especially which are poorly soluble.

Surfactants are used to assist in dyeing, by wetting and
leveling or dispersing dyes of low solubility. Their inter-
actions with dyes play an important role in achieving level of
dyeing'*".

Dyes exhibit significant spectral changes in micellar
media'. It has been suggested that owing to electrostatic
interactions, the ionic dyes can form molecular complexes with
oppositely charged micelles. The stability of such complexes
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depends on the interactions between the dye and the surfactant
molecule. Therefore, the understanding of those interactions
enables the prediction of characteristics behaviour of the dye-
surfactant mixture in the solution.

The spectral changes of a dye observed in the presence of
varying amount of surfactants are consistent with sequential
equilibria involving surfactant monomers, micelles, dye
aggregates, premicellar dye/surfactant complex and dye
incorporated to micelle”™'®. Extensive research carried out
recently has confirmed the ability of surfactants to affect the
electronic absorption spectra of solutions of many dyes, viz.,
triphenylmethane'*”, azo®' and phenothazine®. Two types of
interaction between dye and surfactant may be observed
depending on the chemical structure of both dye and surfactant:
at concentrations below the critical micelle concentration,
decrease in the absorbance with appearance of a new band
indicates formation of a complex between dye and surfactant
and at high micelle concentrations, increased extinction coeffi-
cient with a red shift which indicates incorporation of dye to
micelle""®. The role of solvents plays an important role as the
solvent polarity affects the interaction between the surfactants
and dyes. Therefore, the understanding of those interactions
enables the prediction of characteristic behaviour of the dye-
surfactant mixture in the aqueous and mixed solvent systems.
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EXPERIMENTAL

Methyl orange (MO) obtained from Pacegrove limited
(UK) used as received. Cetyltrimethylammonium bromide
(CTAB, =98 %) was purchased from Sigma. Ethylene glycol
(EG), 1,4-dioxane (DO), acetonitrile (AN), dimethyl formamide
(DMF) and formamide (FM) were of AR grade and used as
such. The water used to prepare the sample solutions was demine-
ralized and double distilled in an all-glass distillation apparatus.
The specific conductivity of this water was in the range (1-2)
10°S cm™.

The electronic absorption spectra were recorded on T 70+
UV-visible spectrophotometer (PG, Instruments, U.K.) using
a matched pair of quartz cuvettes of 1 cm path-length.

Stock solution of methyl orange and CTAB prepared. Then
the sample solutions were prepared by taking requisite amounts
in the different solvents (% v/v), keeping the surfactant and
dye concentration constant. After mixing, the sample solutions
were kept overnight for equilibration.

RESULTS AND DISCUSSION

The electronic absorption spectra of solution of many dyes
affect by the presence of organized media, such as, micelles.
The position of the long-wavelength absorption band and the
intensity of dyes are sensitive to the medium; therefore they can
be used as solvatochromatic micro polarity reporter molecules.
Asseen as in Fig. 1, the anionic dye methyl orange in aqueous
solution exhibits a maximum absorption band at 465 nm.

1.2 Aqueous
[MO] = x 1075

Absorbance

T T T T 1
200 300 400 500 600
Wavelength (nm)
Fig. 1. Absorption spectra of aqueous solutions of methyl orange (MO)

The interaction of methyl orange with CTAB in presence
of various solvents results in decrease the maximum absorption
spectra and, in some cases, the appearance of a new absorption
band on the spectrum of the dye. Only one of them, the spectrum
of dye in the presence of 0.2 x 10® M CTAB concentration, is
shown in Fig. 2. These spectral changes can be attributed to
the formation of a complex between dye and surfactant mole-
cules™. The changes in the absorption spectrum of dye with
increasing surfactant concentrations (premicellar to micellar
form) with different per cent of solvents is observed (all the
spectra are not shown).

Fig. 3 shows the absorbance changes of 2.0 x 10° M
methyl orange in presence of 0.2 mM CTAB solution with
increasing solvent per cent at only 465 nm wavelength.

As shown in Fig. 3, the absorbance of dye showed a de-
crease in the intensity at 465 mM, with increasing per cent of
solvents in a fixed surfactants concentration, reaching a mini-
mum value and then a sharp increase showed in intensity of
the absorption band.

Effect of solvent: From the Fig. 3, it is clear that for the
premicellar region (0.2 mM and 0.6 mM CTAB), a sharp
decrease in absorbance up to 15 % solvents. This suggests
that there is a strong interaction between dye and surfactant
molecule. For 0.2 and 0.6 mM concentration, CTAB molecule
remains as monomer. The negatively charges methyl orange
molecule interact with monomer of cationic CTAB strongly
to form dye-surfactant complex, hence decrease in absorbance
occurs. However, further increase in per cent of solvents,
absorbance of methyl orange increases, except ethylene glycol
for 0.2 mM CTAB and formamide for 0.6 mM CTAB. This can
be understood by the fact that with increasing per cent of solvents
affects the polarity of the solution and also the solvent-
solvent interaction affects interaction between dye and
surfactant. Formamide and ethylene glycol are protic solvent
forming a hydrogen bonding between water and these
solvents.

Fig. 3 showed that with increasing concentration of CTAB,
the decrease in absorbance of methyl orange above the 1 mM
CTAB concentration is due to the increase in the amount of
solubilized methyl orange in micelles. With increasing surfac-
tant concentration the absorbance values reached the limiting
value. This case indicates that all dye molecules are compart-
mentalized in to micelles™ i.e. in the certain surfactant
concentration the solubilization of dye in the micelles is prac-
tically completed and addition of surfactants failed to cause
any spectral change. The decrease in absorbance of methyl
orange is due to some sort of association or complex forma-
tion between dye and surfactant monomers. The results indicate
that hydrophobicity of alkyl chain plays an important role in
complex formation. The formation of the dye-surfactant complex
is a consequence of mutual influences of long-range and short-
range interactions. lonic surfactants as well as methyl orange
possess a strong polar group. In aqueous solution they dissociate
into ions and therefore electrostatic attractive interaction can
appear between head group of dye and head groups of surfactant.
As the electrostatic attraction between the oppositely charged
ions bring them in to close proximity, short-range dispersive
forces or hydrophobic interactions must align the hydrocarbon
chain of the surfactant with the hydrophobic moiety of the
dye. Presence of solvents, change the environment of the
solution for the dye and surfactant interaction. It is also known
that both kinds of attractive forces are present among oppositely
charged dyes and surfactant, long-range electrostatic coulom-
bic forces and short-range dispersive and hydrophobic forces
which act cooperatively. The non-polar part of the surfactant is
an aliphatic chain so it is very likely that hydrophobic interaction
will appear in the process. While surfactant concentration
increases, more micelle forms. First, while surfactant concen-
tration was increased close to CMC concentration absorbance
reduced. After CMC value, an increase in absorbance is observed.
This behaviour can be explained as the monomeric, dimeric
and trimeric conversion. Methyl orange-CTAB association
process can be assumed to take place in two principal steps
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Fig. 2. Absorption spectra of solutions of [MO] =2 x 10° M in [CTAB] = 0.2 x 10~ M with various percent of solvents

and consistent with previous observation for many dye-sur-
factant systems'®*. In the first step, at very low surfactant
concentrations, far below their CMC, the formation of dye-
surfactant complex species is mainly governed by electrostatic
long-range and disperse short-range attractive force between
dye and surfactant ions. In the second step, at the increasing
surfactant concentration, dye and micelles are exist in the

solution. Near and just below the CMC, dye-surfactant aggre-
gates, reorganize into premicelles with a monomeric dye
content resulting in an increase in the absorbance of the dye
in this premicellar region (just below the CMC). On further
addition of surfactant, micelles occur, the absorbance reaches
its limiting value and all dye molecules are accommodated
into normal micelles as monomeric molecules.
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Fig. 3. Changes of maximum absorbance of dye with increasing solvent per cent at 465 nm
Conclusion decrease in spectral values indicated dye-surfactant complex

In this article, the interaction of cationic cetyltrimethyl-
ammonium bromide surfactants with methyl orange in presence
of solvents was analyzed by UV-visible absorption spectro-
photometer. It was seen that interaction was occurred even at
low per cent of solvent and continued until the dye becomes
fully saturated with surfactant. At low per cent of solvent, the

formation. This was resulted from the strong interactions
between dye and head groups of surfactant. This study shows
that for the interaction between cationic surfactants and
anionic dye the solvents nature and its ability to form ion-pair
with water and electrostatic and hydrophobic forces were
important.
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