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Abstract:

The interaction of Methylene blue with Cetylpyridinium chloride (CPC) in a series of solvents containing 0.1, 0.2
and 0.3 volume fractions of methanol in water were studied at room temp (300+2 K) by UV-Vis spectrophotometer.
The CPC concentrations were varied from 0.2 x 10° to 2 x 10° mol dm”. A fixed dye concentration of 2.5 x 10-5 mol
dm” was used for this purpose. The spectrum analysis was performed for both the dye solution and mixtures
containing dye and surfactant of different concentrations. The dye solution showed the absorbance maximum at 664
nm and a shoulder at 610 nm. In 0.3 volume fraction of methanol as solvent, the dye and surfactant mixed solution
showed a shift in peak values towards shorter wavelength (blue shift) from peak of the dye solution. The shift in
peak increased with increase in surfactant concentration up to 0.6 x10° mol dm”, beyond which no further shift
increment occurred. In the case of 0.1 and 0.2 volume fractions of methanol in water, no shift in peak was found at
all concentrations of dye and surfactant. The absorbance of dye and surfactant mixed solution decreased gradually
in 0.2 volume fraction of methanol with increase in surfactant concentration, whereas no significant change in
absorbance was seen in 0.1 volume fraction of methanol. The shift decreased gradually with decrease in methanol

concentration in the solvent.
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Surfactants are also known as surface active agents as
they have property of lowering the interfacial tension
between water and oily substance. Surfactants consist of
hydrophilic part (water loving) head group and
hydrophobic (water repelling) tail group that is why a
surfactant is amphiphilic molecule (Niraula et al., 2017).
Cationic surfactants are used as cationic softeners,
lubricants, retarding agents and antistatic agents and are
more useful than other classes of surfactants (Bhattarai et
al., 2017). Cetylpyridinium chloride is a cationic
quaternary ammonium surfactant which is effective in
preventing dental plaque and reducing gingivitis
(Asadoorian and Williams, 2008). Methylene blue is
heterocyclic aromatic dye which is solid, odorless and
dark green powder at room temperature.

Numerous works on interaction between dye and
surfactant have been carried out as it has tremendous

potential for industrial applications particularly in textile
industry, biochemistry, photochemistry, analytical
chemistry and pharmaceutical purposes. Various types of
interactions such as electrostatic interactions,
hydrophobic interactions, hydrogen bonds, pi-stacking,
cation—pi interactions, and van der Waals forces exist
between dye molecules and surfactant aggregates
(Karukstis et al., 2010). These types of interaction have
been supported by most published data, e.g., dyes
incorporated into micelles (Dutta et al., 2008),
premicellar dye—surfactant complexes (Shah et al.,
2008), ion pair aggregation (Dutta et al., 2008) and
changes in the chromophore micro environment
(Estelrich and Sabat, 2003).The strength of the molecular
association depends on several factors including the dye
concentration and structure, temperature, solvent and
other factors. Researches have confirmed that surfactants
affect the electronic absorption spectra of dye solutions.
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Different methods such as UV-Vis spectrophotometric
(Akbas and Kartal, 2005), conductometric (Bracko and
Span, 2000) and ion selective (Lopez-Fontan et al.,
2006) have been extensively used to study the interaction
between surfactant and dye. However, there has been

little literature on work related to the effect of the solvent
medium on the interaction between dyes and cationic
surfactants. Therefore, this paper aims to study the effect
of solvent composition (methanol- water mixture) on the
interaction of MB and CPC by UV-Vis Spectroscopy.

Preparation of methanol and Methanol-water
solvent:

Methanol (E. Merck, India) was distilled with
phosphorous pentoxide, redistilled over calcium
hydroxide and the collected fractions of methanol having
specific conductance of 3-4 pScm™ at room temperature
was used for solvent preparation. Deionized water
(Stanbio Reagent (P) Ltd., Kolkata, India) was double
distilled in the presence of potassium permanganate and
the distilled water having specific conductance of 2-3
uSem” at room temperature (300+2 K) was obtained.
Methanol-water solvents containing 0.1, 0.2 and 0.3
volume fraction of methanol were prepared using
redistilled methanol and water.

Preparation of CPC Stock solution:

CPC (Merck, Germany) was dried for 1 h in hot air oven
at 373 K and 4.475 g of CPC was dissolved in 250 mL
solvents containing 0.1, 0.2 and 0.3 volume fraction of
methanol in water separately. After mixing, the sample
solutions were kept overnight for equilibration.

Preparation of Methylene blue Stock solution:

Methylene blue (E. Merck, India) was dried for 1 h in hot
air oven at 373 K and 0.0008 g of Methylene blue was
dissolved in 100 mL solvents containing 0.1, 0.2 and 0.3
volume fraction of methanol in water separately. After
mixing, the solutions were stirred with magnetic stirrer
for about 4 h and kept overnight for equilibration.

Spectrum analysis:

Spectra were recorded by T80 + UV/VIS
Spectrophotometer (PG Instruments Ltd., UK) at room
temperature (300+2 K) using quartz cuvette of 1 cm
(matched pair of 10 mm path length cuvette). UV-Vis
spectra of dye solution at 2.5 x 10°moldm™in all volume
fractions (0.1, 0.2 and 0.3) of methanol in water solvent
media at room temperature were recorded. UV-Vis
spectra of the dye and surfactant mixture were also
recorded. The CPC concentration for this purpose was
varied from 2.0 x 10°to 0.2 x 10” moldm" for a fixed dye
concentration of 2.5 x 10°moldmin all volume fractions
of methanol in water. All experiments were performed in
triplicates at room temperature (30042 K).

The electronic spectra of Methylene blue (2.5 x 107
moldm™)in 0.1, 0.2 and 0.3 volume fraction of methanol
in water showed a principal peak at about 664 nm and a
shoulder roughly at 610 nm. The peak in spectra of
Methylene blue solution may be due to n—a* transition
of lone pair of electrons present in sulphur and nitrogen
atoms of dye molecule. The electronic spectra of CPC in
solvent containing 0.3 volume fraction of methanol
showed absorption bands having peaks roughly at 250
and 215 nm and a valley at roughly 230 nm (Figure 1).
Similar spectra were also observed for 0.2 and 0.1 volume
fractions of methanol-water solvents. This result was
similar to that reported by Mehta et al. (2008).

For solvent containing 0.3 volume fraction of methanol,
the surfactant-dye mixture showed a shift in peak towards
lower wavelength (blue shift) from the peak of dye
solution alone. A blue shift of about 25 nm was observed
in 0.2 x 10° moldm~concentration of CPC which further

increased to around 65 nm at the surfactant concentration
0f 0.6x 10°moldm™. The blue shift could be due to the fact
that surfactant molecule dissociates into cation (C,,H,,N")
which interacts with the lone pair of electrons present in
the dye molecule. As a result n—m* transitions in the dye
become difficult and hence the high energy is required for
transition which results in blue shifts/towards lower
wavelength in spectra of surfactant-dye mixture
solutions. As the concentration of CPC was increased
from 0.6 to 1.8 x 10°moldm™, a band appeared at 600 nm
whose intensity decreased gradually on increasing the
concentration of CPC (Figure 2). This trend in the
spectrum of CPC was consistent with the results observed
by Dutta et al. (2008). The results may be due to the
formation of micelles of CPC which incorporates the dye
molecules inside (Edbey et al., 2016) or the formation of
surfactant aggregates with solubilized dye which resulted
in the decrease in absorbance values of dye solution.
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Fig 1. UV spectrum of CPC at different concentrations in the range 200-350 nm in 0.3 volume
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fraction of methanol at 300+2 K.
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Fig 2. UV spectrum of dye (2.5 x 10” moldm™) with various surfactant concentrations in 0.3
volume fraction of methanol in the range 500-700 nm at 300+2 K.
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Fig 3. UV spectrum of dye (2.5 x 10” moldm™) with various surfactant concentrations in 0.2
volume fraction of methanol in the range 500-750 nm at 300+2 K.
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Fig 4. UV spectrum of dye (2.5 x 10°moldm™) with various surfactant concentrations in 0.1 volume
fraction of methanol in the range 500-800 nm at 300+2 K.
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The absorbance of dye (2.5 x 10° moldm™) with varying
concentration of surfactant in solvent containing 0.2
volume fraction of methanol showed a peak at 664 nm
and a shoulder at about 610 nm (Figure 3). As
concentration of CPC was increased gradually, decrease
in absorbance values was observed but the peak did not
shift. No significant shift in peak and change in
absorbance values were seen in mixture of dye-surfactant
solution from peak of dye solution in solvent containing

0.1 volume fraction of methanol (Figure 4). The
insignificant shift in the peak and very small change in the
absorbance value indicated that there was only small or
insignificant interaction between the surfactant and dye
in 0.1 volume fraction of methanol. These results
indicated that as the methanol fraction in the solvent was
decreased, the interaction between CPC and Methylene
blue also decreased.

There existed a significant interaction between MB and
CPC in methanol-water solvent media. The interaction
between dye and surfactant was the strongest in 0.3,

medium in 0.2 and weakest in 0.1 volume fraction of
methanol.
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