
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Solution Behaviour of Rivanol in Micellar Environments
Sinem Göktürka; R. Yeşim Talmana; Neşe Erdinçb; Melda Tunçaya

a Department of Basic Pharmaceutical Sciences, Faculty of Pharmacy, Marmara University, Istanbul,
Turkey b Department of Basic Pharmaceutical Sciences, Analytical Chemistry, Faculty of Pharmacy,
Marmara University, Istanbul, Turkey

To cite this Article Göktürk, Sinem , Talman, R. Yeşim , Erdinç, Neşe and Tunçay, Melda(2006) 'Solution Behaviour of
Rivanol in Micellar Environments', Spectroscopy Letters, 39: 4, 357 — 372
To link to this Article: DOI: 10.1080/00387010600803599
URL: http://dx.doi.org/10.1080/00387010600803599

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387010600803599
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Solution Behaviour of Rivanol
in Micellar Environments
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Abstract: The interaction of the cationic drug rivanol (RIV) with three types of surfac-

tants; [cationic (cetyltrimethylammonium bromide; CTAB), anionic (sodium dodecyl-

sulfate; SDS), and nonionic (t-octylphenoxypolyethoxyethanol, TX-100)] has been

studied spectrophotometrically as a function of surfactant concentration from the pre-

micellar to the postmicellar region. A comparison of the binding constants calculated

from the Benesi–Hildebrand equation indicated that the binding tendency of RIV with

TX-100 micelles is higher than that with SDS micelles. The binding constants of RIV

to both SDS and TX-100 micelles were found to decrease in the presence of NaCl

(0.225% w/v), ethanol (5% v/v), propylene glycol (5% v/v), and glycerin (5% v/v),

The addition of the additives to the medium had a pronounced effect on the association

of RIV with micelles. They all tended to decrease the binding of RIV to micelles. The

inhibitory effect of alcohols followed the order water . glycerin . propylene

glycol . ethanol.
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INTRODUCTION

Surfactants are known to play a vital role in many processes of interest in both

fundamental and applied science.[1 – 3] An important property of surfactants is

the formation of colloidal-sized clusters in solutions, known as micelles,

which have particular significance in pharmacy mainly because of their

ability to increase the solubility of sparingly soluble substances in water.[4–8]

In general, surfactants play an important role in contemporary pharmaceutical

biotechnology, because they are largely utilized in various drug dosage forms

to control wetting, stability, bioavailability, among other properties.[9]

Usually, some surfactants such as sodium dodecylsulfate (SDS), Tweens,

and TX-100 used as excipients are added to formulations to facilitate the

preparation, patient acceptability, and functioning of the dosage form. They

can also be used as disintegrating agents, diluents, suspending agents, and

emulsifying agents.[5,10 – 14]

Micellar media considered as a pseudo model for simple biological

mimetic systems have been used to study different aspects of essential

bilayer properties and functions.[5,15 – 17] The physicochemical interactions

of drugs with surfactant micelles can be visualized as an approximation for

their interaction with biological surfaces. This provides an insight into more

complex biological processes such as the passage of drugs through cell

membranes. The fundamental event in the interaction of drugs with biological

tissues at the molecular level is their binding to membranes.[18,19] This is an

important issue because it relates to the mechanism of drug action.

Therefore, the study of surfactant micelles and their role in pharmacy is of

paramount importance, especially with respect to their ability of solubilizing

hydrophobic drugs.[20 – 26]

Surfactants are used as solubilizers for water-insoluble dyes as well as for

water-insoluble drugs. The dye–surfactant interactions have also been the

subjects of many studies in view of the fact that they mimic many biological

processes taking place between organic molecules and the biomembranes.[27]

Knowledge of dye–surfactant interaction has great value in understanding the

chemical equilibria, mechanisms, and kinetics of surfactant-sensitized color

and/or fluorescence reactions.[28 – 36] The interaction between ionic dye and

charged surface is also of interest in numerous applications ranging from

the design of electronic devices to the characterization of drug delivery

interest.[37,38] The studies on different type of dyes in aqueous surfactant

solutions can give useful information about the mechanism according to

which surfactants operate as leveling agents and about the influence of dye-

surfactant interactions on thermodynamics and kinetics of dyeing

process.[39 – 41]

Among the various investigation techniques, spectrophotometry has been

most widely used to study the complexation equilibria between dyes and sur-

factants in solution.[21,23,28 – 30] Extensive research carried out has confirmed

that two types of interaction between dye and surfactant may be observed
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depending on the chemical structure of both dye and surfactant. At

concentrations below the critical micelle concentration (CMC), decrease in

the absorbance with appearance of a new band indicates formation of a

complex between dye and surfactant molecules, whereas increase in absorp-

tion coefficient at high micelle concentrations indicates incorporation of dye

to micelle.[42 – 48]

It is well-known that the properties of surfactant solutions such as micel-

lization, micellar size, and properties are affected markedly by the presence of

organic or inorganic additives.[49 – 51] Various studies indicated that presence

of neutral salts lead to decrease in the CMC of ionic surfactants while the

salt effects on nonionic surfactants are specific and depend on the nature of

the ion. Organic additives are known to affect the micellization characteristics

of both ionic and nonionic surfactants.[52 – 54] Mixed alcohol–water systems

have particularly been investigated because of their importance in the prep-

aration of microemulsions.[55,56] The studies have shown that the incorpor-

ation of alcohols into the micelles produces noticeable changes in the

micellar shape and in their transport properties.[57] In general, presence of

cosolvents has a negative influence on hydrophobic interaction due to its

destructive action on structured water molecules around the hydrophobic

parts of the surfactant and dye molecules.[58] Several authors have shown

that the presence of cosolvents may diminish the micelle formation and

totally inhibit micellization when cosolvent concentration reaches a certain

value.[59,60]

Although there are a number of studies about the effect of medium on

micellization process, there is very little attention directed toward the effect

of added organic and inorganic solutes on the interaction between dyes or

drugs and micelles.[58,61 – 64] Bracko et al.[58] studied the interactions

between an anionic dye and two cationic surfactants by conductumetry at

different temperatures in water–ethanol mixed solvent. We have recently

reported the interaction of Safranin-O, a cationic dye, with various surfactants

both at premicellar and postmicellar region in the presence of various

cosolvents such as dimethylformamide (DMFA), dioxan (DX), and

methanol[65,66] and also studied the effect of NaCl and glucose on binding

of epirubicin HCl, cationic drug, to various micelles.[67]

In the current paper, we report on the interaction of rivanol (RIV) with

various surfactants as anionic (SDS), cationic (CTAB), and nonionic TX-

100. RIV (6,9-diamino-2-ethoxyacridine lactate), usually known as ethacri-

dine, is a cationic dye as well as a cationic drug and a potent antimicrobial

agent that has been employed as an amebicide in the treatment of human

dysentery and as a bactericide in the treatment of bovine streptomastitis.[68]

Its solution prepared in glycerin is used in ear-drop formulation.[69] RIV is

also potentially interesting as an absorbing and fluorescing probe of nucleic

acid structure and of the interaction of aromatic cations with nucleic

acids.[70]

The structure of RIV is given in Scheme 1.
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In view of this interest, we have undertaken this study to understand the

interaction of RIV with various micelles and the role of the additives that are

used in pharmaceutical applications of RIV solution such as NaCl

(0.225% w/v) ethanol (5% v/v), propylene glycol (5% v/v), and glycerin

(5% v/v).

In this work, considering the effect of cosolvents on micellar systems and

their practical application in drug formulation, special attention has been

given to the interaction between RIV and various micelles in the presence

of these additives.

MATERIALS AND METHODS

All the chemicals were of analytical reagent grade. SDS, Triton X-100, and

CTAB were from Sigma (Germany) products. RIV was obtained from

Fluka (Switzerland). The solvents ethanol, propylene glycol, and glycerin

used were spectroscopic-grade products from E. Merck (Germany). NaCl

was also obtained from Merck. Doubly distilled conductivity water was

used. Visible absorption spectra were recorded with UV-Visible Spectropho-

tometer (UV-1601, Shimadzu, Japan) with a matched pair of cuvets of 1 cm

optical length placed in a thermostated cell holder at 298 K (+0.1). The

absorption spectra of 5.0 � 1025 M RIV solution containing surfactants

in the concentration range from 1.0 � 1025 to 2.0 � 1022 M were

recorded, and the reproducibility for lmax of the spectra was +0.1 nm. All

measurements were done at least in triplicate during the study.

In this paper, CMC determination is based on the change in absorption

spectrum of RIV, which indicates the onset of micelle formation as

described previously.[65,67]

RESULTS AND DISCUSSION

The cationic drug RIV, having the structure shown in Scheme 1, exhibits two

maximum absorption bands at 363 and 411 nm. The change in absorbance

value at 363 nm has been used to study the interaction between RIV and

CTAB, SDS, and TX-100. The molar absorption coefficient of RIV at

Scheme 1. Structure of RIV.
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363 nm, 1o, was calculated as 1.40 (+0.01) � 104 M21 cm21 at 298 K (+0.1)

in the concentration range of 1.0 � 1025 to 8.0 � 1025 M. The linear relation

between absorbance and RIV concentration (r: 0.9990) indicates the validity

of Beer’s law.

The absorption spectra of RIV in the presence of various selected concen-

trations of SDS and TX-100 are shown in Figs. 1a and 1b, respectively. As seen

in Fig. 1a, for SDS concentrations up to 3.0 � 1023 M, absorbance of RIV

sharply decreased with a slight red shift. This initial decrease in absorbance

with a slight red shift indicates complex formation between RIV and SDS

molecules. When SDS concentration reached 8.0 � 1023 M, the shape of

spectrum changed. With further increase of SDS concentration from

8.0 � 1023 M to 2.0 � 1022 M, the lmax at 363 nm shifted to 371 nm and the

lmax at 411 nm shifted to 414 nm, and a shoulder appeared at 432 nm. At the

concentrations of TX-100 below the CMC, no spectral changes were

observed, and the absorbance of RIV remained almost constant. As seen in

Fig. 1b, the lmax values of RIV at 363 and 411 nm shifted to 374 and 434 nm,

respectively, and a shoulder appeared at 433 nm in the presence of TX-100

above the CMC. A similar behavior, that is, a progressive enhancement in absor-

bance with a red shift at the surfactant concentrations above the CMC, was

observed for both surfactants. The shifted lmax values of RIV in the presence

of TX-100 and SDS micelles are listed in Table 1. There was no interaction

between RIV and CTAB micelles due to electrostatic repulsion.

The absorbance change of 5.0 � 1025 M RIV at 363 nm with the varying

concentration of SDS and TX-100 (below and above CMC) is shown in Fig. 2.

As seen in Fig. 2, with initial increase in SDS concentrations well below the

CMC, a decrease in absorbance was observed, and with further addition of

SDS, onset of enhanced absorbance considered as CMC, whereas the lack

of change in absorbance of RIV at the concentrations of TX-100 below the

CMC indicates absence of interaction between RIV and TX-100 molecules

until the concentration of TX-100 reached 0.4 mM, which corresponds with

the CMC of TX-100. The absorbance increase with a red shift above the

CMC indicates incorporation of RIV into both SDS and TX-100 micelles.

Determination of Binding Constant

The binding constant is quantitatively determined in terms of the pseudophase

model in which micelles and water are considered as separate pseudo-

phases.[71,72] The equilibrium scheme of RIV and micelle can be assumed

to follow

RIVþM�
KB

(RIV)M

where (RIV)M and KB represent RIV–micelle associate and binding constant,

respectively. KB and molar absorption coefficient 1m can be determined using
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Figure 1. (a) Visible absorption spectra of RIV (5.0 � 1025 M) at various concen-

trations of SDS at 298 K: (1) 0.0; (2) in 1.0; (3) in 3.0; (4) in 8.0; (5) in 10.0; (6) in

15; (7) in 20 mM SDS. (b) Visible absorption spectra of RIV (5.0 � 1025 M) at various

concentrations of TX-100 at 298 K: (1) 0.0; (2) in 1.0; (3) in 3.0; (4) in 6.0; (5) in 8.0;

(6) in 1.0; (7) in 2.0 mM TX-100.
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the Benesi–Hildebrand equation, which is valid for high surfactant concen-

trations [65,73] in the following modified form

½RIV � l

DA
¼

1

1m � 1o

þ
1

KB½Sm�ð1m � 1oÞ
ð1Þ

where [RIV] and [Sm] (Sm ¼ total surfactant concentration – CMC) are the

initial molar concentrations of RIV and the micellized surfactant concen-

tration, respectively, l is the optical path length of the solution, DA is the

Figure 2. The absorbance change of 5.0 � 1025 M RIV at 363 nm with concen-

tration of surfactants: (V) TX-100; (þþþþþ): SDS. Inset: The absorbance change of

5.0�1025 M RIV at 363 nm below the CMC of TX-100.

Table 1. Physical parameters of 5.0 � 1025 M RIV in SDS and TX-100 at 298 K

Surfactant

CMC0
a CMCb lmax

c KB

(mM) (mM) (1m) (M21)

SDS 8.00 3.0 371 (17,350) 854

TX-100 0.33 0.4 374 (17,200) 1381

aThe CMCs were taken from literature.[49,51]

bThe CMCs were obtained from spectrophotometric determination in the presence of

5.0 � 1025 M RIV.
clmax is in nm and 1m is in M21 cm21; error limit in 1m is +1%.
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difference between A and A0, which is the absorbance of RIV in the presence

and absence of surfactants, respectively. 1m is the molar absorption coefficient

of the dye fully bound to micelles determined in large excess of the micelles.

The plot of [RIV]l/(DA) against 1/[Sm] was found to be linear in all cases. The

KB values related to the extent of RIV–surfactant interaction, calculated from

the slope and intercept, are shown in Table 1. Computations of binding

constants reveal that binding in the case of nonionic is stronger than that of

anionic. Combined electrostatic and hydrophobic forces take place in

binding onto anionic micelles, whereas hydrophobic interaction plays the

main role in binding onto nonionic. Therefore, it has been expected that the

interaction between RIV and anionic SDS micelles would be strongest

because of the opposite charge of the components. The lack of interaction

between RIV and CTAB supports this expectation. However, TX-100

formed complexes with RIV more strongly than SDS. It is considered that

compared with anionic site on SDS micelles, the aqueous mantle of the TX-

100 micelles (composed of polyoxyethylene oxide residues, 9.5 EO units) is

more favorable for location of RIV.

In this work, the effect of NaCl (0.225% w/v) on the interaction between

RIV and both SDS and TX-100 micelles were studied. The nature of the

spectrum of RIV in the presence of NaCl (0.225% w/v) with varying surfac-

tant concentrations remained the same as in the absence of NaCl. This shows

that same type of interaction between RIV and SDS and TX-100 took place

both in the absence and presence of NaCl.

Micelles are sensitive to any changes in the properties of the aqueous

solution. It is well-known that presence of neutral salts may lead to decrease

in the CMC of ionic surfactants. The effects of salts on nonionics are specific

depending on the nature of the ion, some capable of “salting out” reduce the

CMC, whereas others capable of “salting in” increase the CMC.[50,51] In this

work, it has been found that presence of 5.0 � 1025 M RIV decreased the

CMC of SDS. Presence of RIV has a neutral salt effect on SDS micelle

solutions reducing the mutual electrostatic repulsion of charged head-groups.

The increasing in CMC of TX-100 in the presence of 5.0 � 1025 M RIV can

be explained in terms of salting in effect. Presence of NaCl (0.225% w/v)

caused further decrease in the CMC of SDS while the CMC of TX-100

slightly increased. In the presence of 5.0 � 1025 M RIV, the apparent CMC

of SDS varied from 3 mM in water to 1 mM in NaCl solution (0.225 % w/v).

The CMC of TX-100 in the presence of 5.0 � 1025 M RIV, changed from

0.4 mM in water to 0.5 mM in NaCl solution (0.225% w/v).

The presence of NaCl has an inhibitory effect on binding of RIV to both

SDS and TX-100 micelles. KB values diminished from 854 M21 to 687 M21

for SDS micelles and from 1381 M21 to 1048 M21 for TX-100 micelles. The

decrease in binding constant in the case of TX-100 can be explained by

decreasing hydrophobic interaction parallel to decreasing micellar size (i.e.,

salting in effect), whereas in the case of SDS it can be related to the electro-

static screening effect rendered by Naþ ions.[52,74]
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Effect of Alcohols

In this work, effect of glycerin, propylene glycol, and ethanol at 5% (v/v) on

binding of RIV to both SDS and TX-100 micelles was studied. It was found

that the presence of these alcohols increased the CMC and decreased

the binding of RIV to micelles. The results in Table 2 show that KB

values vary indirectly with CMC. The increase in CMC of both SDS and

TX-100 in the presence of alcohols followed the order ethanol . propylene

glycol . glycerin . water.

Effectiveness of alcohols as inhibitors on binding RIV to both

SDS and TX-100 micelles followed the order KB(water) . KB(glycerin) .

KB(propylene glycol) . KB(ethanol).

The inhibitory effect of alcohols on binding can be explained in a very

qualitative manner in terms of decreasing hydrophobic attraction related to

increasing number of OH groups which can be clearly seen in the increase

in CMC order. Comparison of the dielectric constant of alcohols indicates

the order of the polarity of the media follow the trend water . glycerin–

water . propylene glycol–water . ethanol–water. This follows the same

decreasing order of binding constant. A decreased in the dielectric constant

of the aqueous phase would result in a decreased hydrophobic effect leading

to smaller micelles and resulting in smaller binding constants. Although the

parallelism between polarity of the medium and micellar binding demon-

strates significantly the influence of polarity change on micellar binding, the

behavior of dye–surfactant system in different cosolvents may not be influ-

enced only by the dielectric constant of the alcohols but also by its other

characteristics such as changing water structure, preferential solvation of

RIV, changing micellar size and properties due to the incorporation of

alcohol molecules to micelles, and so forth. The most inhibitory effect was

seen in the presence of ethanol. Literature survey indicates that the presence

of ethanol has a negative influence on hydrophobic interactions due to its

destructive action on structured water molecules around the hydrophobic

Table 2. Experimental data of CMCs and values of KB in the

presence of cosolvents for interaction of RIV and surfactants

SDS TX-100

KB CMC KB CMC

(M21) (mM) (M21) (mM)

Water 854 3.0 1381 0.4

Glycerin 730 4.0 1200 0.5

Propylene

glycol

540 5.0 830 0.6

Ethanol 420 6.0 574 0.8
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parts of the surfactant and dye molecules.[52,58] Moreover, a number of studies

were reported that the increase in ethanol concentration totally inhibits

micellization.[59,60,65]

Polarity of the Micellar Microenvironment and Probable Location

of RIV

Micelles are characterized by three distinct regions: a nonpolar core formed by

the hydrocarbon tails of the surfactant, a compact Stern layer having the head

groups, and a relatively wider and diffuse Gouy–Chapman layer that encom-

passes a majority of the counterions. Depending on the nature of the dye and

the micelle, a dye molecule may bind either to the nonpolar core of micelles or

to the micelle–water interface.[5,21,52]

Our data showed that upon going from the aqueous solution to the more

hydrophobic micellar environment, RIV underwent a red shift in the absorp-

tion maximum. The red shift is a clear indication of the transfer of RIV to less

polar site of micelles.[75,76]

In order to gain further insight about the localization of RIV in SDS and TX-

100 micelles, we have studied the spectrophotometric behavior of RIV in water–

dioxane (DX) mixture of varying composition, because the water–DX mixture

resembles the micellar environment. Especially these mixtures resemble

nonionic micelles as nonionic surfactants contain polyethylene oxide groups,

which are involved in hydrogen bonding with water molecules.[77]

The spectrum of 5.0 � 1025 M RIV in DX–water solutions as a function

of various selected percentages of DX (v/v) is shown in Fig. 3. Similar

changes in absorption properties were observed in the presence of DX–

water solutions as in the presence of SDS and TX-100 micelles. As the DX

portion in DX–water mixture increased (i.e., as the polarity of the medium

decreased), the absorption band intensity increased with a progressive red

shift (Fig. 4). Both the red shift and increase in molar absorption coefficient

indicates a decrease in the polarity or dielectric constant of the medium sur-

rounding the RIV molecule.

Comparison of the red-shifted values obtained in the presence of SDS and

TX-100 micelles (8 and 11 nm, respectively) with the red shift values obtained

in DX–water mixtures indicates that RIV transferred to less polar (i.e., more

hydrophobic) site of the TX-100 micelles.

CONCLUSIONS

The current study clearly demonstrated that the spectral properties of RIV are

affected in the presence of anionic SDS and nonionic TX-100 surfactants. The

change of spectra at the concentrations above the CMC indicated incorpor-

ation of RIV to SDS and TX-100 micelles, while owing to electrostatic
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repulsion and insufficient hydrophobic attraction, no binding between cationic

RIV and cationic surfactant CTAB were observed. The binding of RIV to SDS

and TX-100 micelles was calculated by means of Benesi–

Hildebrand equation. It has been found that the binding tendency of RIV to

TX-100 micelles is higher than that of SDS micelles.

Comparison of the red shift in SDS and TX-100 micelles with that in DX–

water mixtures indicated that RIV transferred from aqueous solution to the

more hydrophobic micellar environment of TX-100 and SDS micelles.

Electrostatic attraction between the cationic RIV and anionic micelles would

favor location of RIV closer to the head group of the respective micelles.

The presence of NaCl has an inhibitory effect on binding of RIV to both

SDS and TX-100 micelles (i.e., KB values decreased in both cases).

Presence of alcohols as glycerin, propylene glycol, and ethanol did not

affect the characterizations of absorption spectra of RIV in SDS and TX-

100 micelles, indicating the same type of interaction between RIV and

micelles as compared with that of pure water. Results show that the

addition of alcohols leads to higher CMC values. The binding constant of

RIV to both SDS and TX-100 micelles decreased with the presence of these

alcohols. Both change in CMC and binding constant depends on the incorpor-

ation of alcohols with micelles, and the degree of incorporation depends on the

Figure 3. Visible absorption spectra of RIV (5.0 � 1025 M) in various water–DX

mixtures (v/v) at 298 K: (1) 0.0; (2) in 10% (3) in 20% (4) in 30% (5) in 50%

(6) in 70% (v/v).
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number of OH groups in alcohols. The changes in binding constants follow the

trend water . glycerin–water . propylene glycol–water . ethanol–water.

Inhibitory effect of alcohols on binding to micelles can be explained by

decreasing hydrophobic attraction as a result of incorporation of alcohol

molecules to micelles.
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67. Erdinç, N.; Göktürk, S.; Tunçay, M. Interaction of epirubicin HCl with surfactants:
effect of NaCl and glucose. J. Pharm. Sci. 2004, 93, 1566–1576.

68. Iliescu, T.; Cinta, S.; Kiefer, W. FT-Raman and SERS spectra of rivanol in silver
sol. Talanta 2000, 53 (1), 121–124.

69. Ribone, M. E.; Pagani, A. P.; Olivieri, A. C. Simultaneous multivariate spectro-
photometric analysis of ear drops containing a ternary mixture of antipyrene
sulfathiazole and rivanol. Anal. Lett. 2001, 34 (12), 2077–2088.

70. Li, W-Y.; Xu, J-G.; Guo, X-Q.; Zhu, Q-Z.; Zhao, Y-B. Study on the interaction
between rivanol and DNA and its application to DNA assay. Spectrochim. Acta
A 1997, 53, 781–787.

71. Guo, Ln.; Arnaud, I.; Petıtramel, M.; Gauthıer, R.; Monnet, C.; Leperchec, P.;
Chevalıer, Y. Solution behaviour of dye-surfactant associations. J. Colloid
Interface Sci. 1994, 163 (2), 334–346.

72. Romsted, L. S. Quantitative treatment of benzimidazole deprotonatıon equilibria
in aqueous micellar solutions of cetyltrimethylammonium ion (CTACl-,
CTABr-, and CTANO3-) surfactants. 2. effect of added salt. J. Phys. Chem.
1985, 89 (23), 5113–5118.

73. Benesi, H. A.; Hildebrand, J. H. A spectrophotometric investigation of the inter-
action of iodine with aromatic hydrocarbons. J. Am. Chem. Soc. 1949, 71,
2073–2707.

74. Priyadarsini, K. I.; Mohan, H. Effect of NaCl on the spectral and kinetic properties
of cresyl violet (CV)-sodium dodecyl sulphate (SDS) complex. Proc. Indian.
Acad. Sci. 2003, 115 (4), 299–306.

75. Shah, S. S.; Laghari, G. M.; Naeem, K. A. Spectroscopic study of hemicyanine
dyes in anionic micellar solutions. Thin Solid Films 1999, 346 (1–2), 145–149.

76. Shah, S. S.; Khan, M. S.; Ullah, H.; Awan, M. A. Solubilization of amphiphilic
hemicyanine dyes by a cationic surfactant, cetyltrimethylammonium bromide.
J. Colloid Interface Sci. 1997, 186 (2), 382–386.

77. Saha, S. K.; Santra, S.; Dogra, S. K. Prototropic equilibrium of 2-aminofluorene in
non-ionic micelles: Tweens. J. Mol. Struct. 1999, 478 (1–3), 199–210.
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