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Conductometric and spectrophotometric study of the
Interaction of methyl violet with sodium dodecylfsie

Abstract- The interactions of cationic dyes (methyl violet)
with anionic surfactant sodium dodecyl sulfate (PD&s
studied in process of solubilization. The criticalcelle
concentration of the SDS with and without dye was
determined by  spectrophotometry and  specific
conductometry methods. The binding constant) (Knd
Gibbs free energy AG) were calculated at room
temperature. K was calculated by means of Benesi-
Hildebrand Equation. Results obtained showed thatig,
andAG" are found to be = 432.77 Mand -15.03 KJ md,
respectively. The value &fG’ indicates that the interaction
of methyl violet with micelles is spontaneous.
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1. INTRODUCTION

Surfactants are organic compounds decrease thacsurf
tension of water at relatively low concentratioBgcause
surfactants are adsorbed mainly on the surfacehef t
solution, creating a thin monolayer, they are chBerface
active agents[1-4]. The investigation of dye-sudat
interactions is vital not only in dying process higo in dye
elimination processes [5]. Many techniques wered Use
qualitative and quantitative description of dyefactant
interactions, i.e. potentiometry [6, 7], conductdmng8, 9]
and, or ion selective electrodes [6, 10]. The nodien used
method to investigate dye-surfactant interactiors i
spectrophotometry [11-15]. Extensive research edrgut
recently has confirmed the ability of surfactardsaffect
the electronic absorption spectra of solutions ahyndyes.
the mechanism of interaction between the dye amd th
surfactant is still of interest[16]. In this arg¢l a
conductometric and spectrophotometric study of the
interaction of anionic surfactant (sodium dodeayffate)
[17-19] with cationic dye (methyl violet) [20, 2ijere
investigated. The aggregation behavior of SDS wliks
by spectrophotometric and conductometric methodee we
investigated. The critical micelle concentratiorS&#S with
and without dye was determined. The binding constad
the Gibbs free energy were calculated.

2. EXPERIMENTAL
2.1. Materials

Sodium dodecyl sulfate and methyl violet were aiddi
from Merck. A stock solution of 2.5xTnol dni® methyl
violet was prepared by dissolving purified dye istitled
water. A stock solution of 8.0xFfnol dm?® surfactants was
prepared in distilled water.

2.2. Procedure

The spectrophotometric measurements were recorded b
Perkin—Elmer spectrophotometer at room temperatiite

a matched pair of silica cuvets having an intethedkness
of 10 mm. The specific conductance measurementg wer
carried out with Methrohm Conductometer equippetth \ai
platinum electrode at 26. Experiments were carried out
by adding different amounts of a stock surfactaoitition

to measuring the conductivity with and without ged The
critical micelle concentrations were determinednfrohe
plot of specific conductivity versus concentratiof the
surfactant solution.

3. RESULTS AND DISCUSSION

3.1 Interaction of SDS with Methyl violet by Absaign
Spectroscopy:

Fig 1. Shows the structure of dye methyl violet ethéxists
in an aqueous solution as cationic form. SDS exists
anionic form having the structure shown in Fig.2.
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Fig.1: Structure of methyl violet
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Fig.2: structure of sodium dodecyl sulf

The effect of anionic surfactant on the absorpspactrunr
of methyl violet was studied abom temperaturand pH
6.9.the visible spectra of aqueous methyl violet solufior
several SDS concentrations rangifm 6.4x1(° to
1.28x10? mol dm-2 for a fixed dye concentration 2.5x10
* mol dm?® were represented in Fig.3he dye exhibits
maximum absorption band at 580 nm (the band at&ibto
dye monomer) and a shoulder at 550 (the band
attributed to dye dimer).

As the surfactant concentration increased graduadiyn

6.4x10°to 2.56x10'mol dm=, belowCMC, the absorbanc
band at 580 nm decreased (hypochroraia) the band at
550 nm diminished.The decrease in the absorba

indicates the molecular complex formation betw
cationic methyl violet and anionic surfactant moles due
to the electrostatic interaction. M¥n the concentration
SDS increases (above the CMC) a significant ineréa:
the absorbance at band 580 nwas observecand the
shoulder at band 550 nm appears agdine increase i

absorbance values withthe increase surfactant
concentrations ab@CMC is regarded to be caused by

incorporation of dye molecules to micelles.

It may be thought that association of SDS aniorth dye

cation suppresses their mutual repulsion forces tand

favors the dye polymerization [22but the electrostati

repulsion within the anionic moiety of SDS is redddy

the positive charge of the added dye catibime associates
in turn can further induce the formation of preriae

surfactant aggregateith solubilized dye conterand may

form other higher dye aggregate. [20, 23]
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Fig.3: Visible absorption spectra of methyl violet arids.

3.2. Conductometridetermination of the critical micell¢
concentration of SDS:

Another technique was employed, electrical conditgt
measurements, to study the micellar aggregatiomvior

in aqueous solution. Figdepicts the change of the spec
conductancex, as a function of concentration of the surf
active SDS solutions at 298 K. It can be obsered, for
each surface active SDS, the results fit into twaight

lines with different slopes. The break in & versusC plot

originates from the micellizeon of amphiphiliccompounds
andthe concentration of the break point correspondsay
CMC.

It can be seen in the figure ttihe slopes of the linei
region above CM@re smaller than those beldCMC. This
is consequencef counterion binding at the surface
micellar aggregates. In other words, there is &ttte
loss of ionic charges since a number of counteraoa
confined to the micellar surface.
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Fig.4: Specificconductance of SDS plotted against
surfactant concentratic

The increasing rate of conductivity had become sic
obviously after 5.9x18M concentration of surfacte. This
is because the formation of micelle required thaici
monomers and sona the ions had been attracted towe
the micelle surrounding to form the electric douldger.
So the conductivity of the solution increased slovThese
deviations can be explaineadsc as a consequence of the
formation of a norconducting or a le-conducting species
in solution. It is very likely that the dye catiand the

surfactant anion formed a practically conducting,

soluble ion pair.[8]

The exterior of the micelle is built up from thenio"OSO,
groups which form the Stern layer which associabg«
water molecules (Fig)5 The further layer that surroundii
the Stern layer is composed of the positive couotes anc



oriented water molecule called Go@apman layer. Bot
Stern layer and Gou@hapman layer are known as elec
double layer. This double layer willamtain the stability o
the colloidal system.
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Fig.5: A schematic of the regions of SDS micelle and
possible site of salvation of the dye metviolet [15].

3.2 Conductometric determination of the critical mies
concentration of SDS with dye methyl violet:

It has been observed from the experiment that M€ ©f

SDS surfactant start ttorm at low concentration (Fi6).

The low value of the CMC results as the electras
repulsion within the anionic of moiety of Slis reduced by
positive charge of added dye anion. [17]

L0104
]
00008 - s
5 L ]
5 .
& 0008 - =
I':.
= L]
é 0000 4
=] p
[=] ]
b
00T -
(I , - AT

L
1 T T 1 L L 1
=0 003 000D 000 G004 0,008 0008 OO0 0012 D014 008 0018

Cong, molil

Fig.6: Specificconductance of SDS with dye plott
against the surfactant concentrat

3.3 Spectrophotometric determination of the criti
micelles concentration of SDS with dye methyl Wi:

CMC was determined experimentalfor SDS in range
from 6.4x10°M to 1.6x10°M. (Fig.7) shows determination
of the CMC of SDS usingpectrophotometr method. The
CMC value was found to H&004¢ M.

Conc SDS. moi/i

Fig.7: Determination of CMC of SDS kspectrophotometer

3.3 Determination of binding constant of S (Ky):

The interaction between the dye and micelles cai
described as:

K
D+M<«—» DM

Where D is the dye, M the micelle, DM the -micelle
complexes and K is the binding constant. Ben -
hildebrand equation gives more prices parameter.
binding constant K[20, 24]

Dp_ 1 1
AA B (Sm - 80) kb(sm - SO)Cm

Where Dt is the concentration of dytAA= A-A, is the
difference between the absorbance of dye in theepie
and absence of surfactant,, is the molar extinction
coefficient of dye fully bound to micelle g, is the molar
extinction coefficient of the methyl viol K, is the binding
constant, C,, is the Concentration of the micelliz
surfactantThe C,, canbe calculate as follows:

Ch=G-CMC

WhereC,, is the concentration of surfacte
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Fig. 8. The plot of DTAA against 1/G, for methyl violet in
SDS

Results obtained from the spectral measuremergs §Ji
showed that the binding constanji& found to be = 432.77
M

3.4 Determination of standard free energy change:

The thermodynamic paramet&G’ which is an indicator of
the tendency of binding of methyl violet to micsllevas
calculated using the following equation:

AG" =-RT InK,

Where AG " is the standard free energy chanBejs the
universal gas constant and T is the room temperatur

The value ofAG "is found to be = -15.03 KJ mbhwhich
indicates that the interaction of methyl violetlwihicelle is
spontaneous.

4. CONCLUSION

Based on the study of the interaction of methyletiovith
SDS, the following conclusions can be drawn:

The effect of the dye on the micellization of SDS in
aqueous media was successfully analyzed using
electrical conductivity and UV-vis measurements.
Critical micelles concentration of SDS with and heitit
dye was determined by
spectrophotometric methods. The binding constany), (K
Gibbs free energy parametex®’) were calculated. The

aggregation behavior of SDS with dye was studied by

absorption spectroscopy.

conductimetric and
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