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Abstract

The kinetics of the reduction of toluidine blue by ascorbic acid was studied both in the absence and presence of hydrochloric acid
as a function of cetyltrimethylammonium bromide concentration. The pseudo-first order rate constant was calculated from the
decrease in the absorbance of toluidine blue. The results are analyzed according to pseudophase model of micelles. The reaction is
catalyzed by cetyltrimethylammonium bromide micelles in the absence of hydrochloric acid but retarded in the presence of
hydrochloric acid. This opposing effect of cetyltrimethylammonium bromide micelles may be explained by the changing species of
reactants in acidic pH.

To find a correlation between micellar effect on the rate constants and incorporation of the reactants to the micelles, separate
spectrophotometric experiments were performed and binding constants for the association of reactants with micelles were

determined using the Benesi—Hildebrant equation.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The modification of chemical reactions by incorpo-
rating reactant molecules to micelles has received
considerable attention [1—3]. Chemical reactivity, equi-
libria, and stereochemistry of the reactants have been
significantly affected by micelles. Micellar catalysis of
reactions is important because of the parallel behaviour
of macro-molecules and enzymes.

Micellar catalysis of reactions in aqueous solution is
generally explained in terms of distribution of reactants
between water and micelles, with reactions occurring in
both media. Therefore it is possible to treat the rate-
surfactant profiles in terms of the concentrations of

* Corresponding author. Tel.: +90-216-345-29-52; fax: +90-216-
414-44-66.
E-mail address: m.tuncay@superonline.com (M. Tungay).

0143-7208/$ - see front matter © 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.dyepig.2004.03.013

reactants in the aqueous and micellar pseudophases and
the rate constants in each pseudophase [4].

Toluidine blue, TB* (3-amino-7-dimethyl-amino-2-
methyl phenazathionium chloride), a phenothiazine blue
dye, is generally used as polymerization inhibitor, com-
plexing agent, biological sensitizer and stain [5]. The
redox reactions of phenothiazine dyes may be exploited
for the storage of solar energy using photo galvanic
cells. The low toxicity and high water solubility of TB™
with an intense absorption peak in the visible region
makes it a suitable substance to monitor the depletion
kinetics using other reactants. A number of reduction
reactions of TB™ forming the basis of analytical methods
have been reported earlier [5—10]. The influence of
various surfactants upon the oxidation of an azo dye by
hypochlorite has been studied and the result discussed
by means of specific dye—surfactant interaction [11]. It
was shown previously that selenosulfide reduction of
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methylene blue (3,7-bis-dimethylamino-phenothiazine),
also a phenothiazine blue dye, is accelerated by the
presence of cetyltrimethylammonium bromide (CTAB)
at the concentrations in the micellar region, giving rise
to a catalytic—spectrophotometric method of increased
sensitivity for Se (IV) determination [12].

The oxidation of L-ascorbic acid, AA, which is a well-
known bioactive reducing agent, to L-dehydroascorbic
acid has received a great deal of attention because of the
important role that the redox chemistry of AA plays in
human nutrition [13,14]. Photoreaction between TB™
and AA has been studied by Cooper et al. [15]. Wen
et al. [16] reported that the antioxidant activity of AA
was enhanced in micellar systems in their study on the
anodic oxidation of AA and its lipophilic derivatives in
the presence of micelles.

The aim of this work was to determine the influence of
CTAB micelles on the oxidation of AA using the
reduction reaction with TB*. The reduction of TB* by
AA has been investigated in acidic medium by Safavi and
Fotohui [17] for the kinetic-spectrophotometric determi-
nation of low levels of AA in some fruits and vegetables. It
is interesting to study the effect of CTAB micelles on the
reaction between TB™ and AA in the absence and
presence of hydrochloric acid (HCI) since species of both
reactants varies with the pH of the media.

The present study deals with the effect of the cationic
surfactant CTAB at various concentrations on the rate
constant of the TB*—AA reaction with and without
HCI. Also, to interpret the results, the interaction of AA
and TB* with CTAB micelles in the absence and
presence of HCI was studied separately, since incorpo-
ration of the reactants to micelles is a prerequisite for
micellar catalysis.

2. Experimental
2.1. Materials

All the chemicals were of analytical reagent grade.
The cationic dye TB™, AA and HCI were supplied by
Merck. CTAB was obtained from Aldrich. All solutions
were prepared in double distilled water.

2.2. Procedures

The spectroscopic measurements were carried out
with a Hitachi 220-A UV—Vis spectrophotometer
equipped with thermostatic cuvette holder. The pH
values of the solutions were measured using a Metrohm
Herisau pH-meter.

The onset of enhancement in the absorption maxima of
TB" or AA with addition of the surfactant was con-
sidered as the critical micelle concentration (CMC) of
CTAB under each experimental condition [18—20,22,23].

2.2.1. Micellar binding

The binding constant, Kg, of TB™ and AA to CTAB
micelles was separately determined spectrophotometri-
cally in the absence and presence of 0.1 moldm > HCL
The absorption spectra of TB™ and AA solutions
containing various concentrations of CTAB (10~*
—1072 mol dm %) were recorded at 25 + 0.2 °C over the
range of 500—700 nm and 190—300 nm, respectively
[24,25]. The reproducibility of duplicate A, determina-
tion was +0.2 nm. The reactant concentrations were
6.54 X 10> moldm ™ for TB* and 1.41 X 10~*mol
dm ™3 for AA, and kept constant during the study.

2.2.2. Kinetic measurements

The kinetics of the reduction reaction of TB™ with
AA in acidic medium was originally studied by Safavi
and Fotohui [17]. According to them, the orders of the
reaction with respect to AA, TB™ and HCl were 1, 1 and
0.5, respectively. In this work, the initial concentrations
of TBY and AA were 2.35X 10 °moldm~* and
1.14 X 10~* moldm ™, respectively, so the reduction
kinetics of TB* was performed with at least 48-fold
excess of AA and excessive acid, producing pseudo-first
order conditions with respect to TB™ [10,11,21].

The rate of reduction of TB™ was obtained by
following the decrease in the absorbance at 630 nm in
the absence and presence of 0.1 mol dm > HCI using the
UV—Vis spectrophotometric technique. The absorption
band of TB™ vanishes gradually without showing any
change in its shape and position.

The influence of CTAB concentration on the rate
of this reaction was examined for different surfactant
concentrations, in the range of 1X 107°—1 X 1072
moldm . An aliquot of the reaction mixture was
transferred to a thermostated cell at 25 £ 0.2 °C and
the absorbance change of the solution was recorded at
1 min intervals and absorbance at infinity 4. was read
when equilibrium was reached.

The observed first order rate constants were calcu-
lated by a generalized least-squares method from the
relationship In(4;—A) versus time, and absorbance
values were averages of two to four runs with standard
deviation less than 1%. These plots were satisfactory
straight lines, with correlation coefficients, r > 0.9993
for all kinetic runs indicating first order kinetics with
respect to TB™.

3. Results and discussion

Micelles can change the reaction rate in several ways.
One of the dominant factors responsible for the ob-
served micellar effect on the reaction rate is the
substantial change in the local concentration of the
reactants upon their binding to the micelles. Therefore,
incorporation of reactants to CTAB micelles was
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studied separately in the absence and presence of
0.1 mol dm ™ HCL.

3.1. Binding of solutes to micelles

The visible absorption spectrum of TB™
(6.54 X 107> moldm ) in aqueous solution exhibited
an absorption maximum at 630 nm and a shoulder at
590 nm at 25 + 0.2 °C. In the presence of 0.1 mol dm
HCI, the peak at 630 nm diminished, whereas the one at
590 nm was enhanced. The molar absorptivity of TB™
at 630 nm (concentration range: 1.962 X 10°—8.175 X
107> mol dm ) in aqueous solution in the absence and
presence of 0.1 moldm™> HCl was calculated as
(29.8 + 0.02) X 10° dm* mol ™' ecm™"and (22.6 + 0.02) X
10* dm® mol~'em ™! at 25 4 0.2 °C, respectively. In the
absence of acid, TB™ is in equilibrium with protonated
species of toluidine blue, TBH?*, whereas TB™
concentration decreased and TBH?" increased toward
lower pH (pK, = 7.2) [10]. The absorption spectrum
of AA (concentration range: 5.67 X 107°—1.293 X
10~* mol dm ) in aqueous solution in the absence and
presence of 0.1 moldm™ HCI exhibited absorption
maxima at 265nm and 245 nm with molar absorp-
tivities, &, of (11.6 & 0.04) X 10*dm*mol 'em™' and
(9.9 + 0.05) X 10*dm*mol~'em™" at 25 + 0.2 °C, res-
pectively. In the case of AA (pK,1 = 4.17, pK,», = 11.57)
[26], in acidic pH, mono protonated and negatively
charged species, HA™, is dominant but, HA™ concen-
tration decreases and undissociated species H,A con-
centration increases steeply with increasing HCI
concentration. Each relation between absorbance and
concentration of TB* or AA was linear (r > 0.9997),
indicating the validity of Beer’s law within the concen-
tration range studied. As seen from the results, A,,.x and
molar absorptivity of both TB* and AA were different
in the presence of HCl compared to its absence.
Toluidine blue has a conjugated structure in neutral
medium, and this structure gives rise to charge-transfer
transitions in the visible range in addition to the less
sensitive n — t* transitions, responsible for the high
molar absorptivity observed at A = 630 nm. However
in acidic medium, the lone electron pair on the side
N-atoms is used to coordinatively bind to a proton, i.e.,
N:H*Cl", and thus »n — m* transitions disappear,
together with a rearrangement of alternating double
bonds in the conjugated structure. In the presence of
HCI, species of ascorbic acid changes, too. Thus,
completely different structure of toluidine blue and
ascorbic acid have different absorption maximum wave-
lengths and molar absorptivities in acidic medium.

The absorption spectra of TB™ in neutral medium
with and without CTAB are shown in Fig. 1. The
absorbance of TB™ is substantially constant at the
CTAB concentrations below the CMC but above
a certain concentration corresponding to the CMC,
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Fig. 1. Visible absorption spectra of TB* (3.35 X 10~> mol dm ™) at
various selected concentrations of CTAB at 298 K. [CTAB] mol dm ™
(1) 0.0; (2) 1.0 X 1072%; (3) 2.0 X 1072

the absorbance increased as the CTAB concentration
increased both in the absence and presence of HCI.
In other words, CTAB caused an absorbance increase
without changing the general shape of the TB™
spectrum only at concentrations above the CMC. In
the presence of CTAB micelles, increased extinction
coefficient can be interpreted as due to the incorporation
of TB into the micelles. The absorption spectra of AA in
neutral medium with and without CTAB are shown in
Fig. 2. In the absence of HCI the absorbance of AA
decreased at the concentrations below the CMC,
indicating complex formation between AA and CTAB
molecules and above the CMC, absorbance increased
gradually. It was observed that presence of CTAB at the
concentrations below and above the CMC, had no
influence on the absorbance of AA in the presence of
HCI, indicating lack of interaction between undissoci-
ated species of AA and CTAB molecules and micelles.

Binding of solute to micelles can be assumed to
follow the equilibrium reaction as

S+M 2 SM (1)

where S, M, SM and Kjp represent the substrate, micelle,
substrate—micelle complex and binding equilibrium
constant, respectively. Kg is given by

[SM]

Kg = SIM] (2)

The extent of micellar binding can be seen readily
from the fraction of bound solute, £, defined as ' = [Sy]/
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Fig. 2. Visible absorption spectra of AA (5.00 X 107> mol dm~3) at
various selected concentrations of CTAB at 298 K. [CTAB] mol dm™:
(1) 0.0; (2) 5.0 X 107% (3) 1.0 X 1072
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[Sd, where S, is the concentration of solute in the
micellar pseudophase and S; is the total concentration
[18,27]. Provided that the spectra of the fully micellar
incorporated solute can be measured, the value of fcan
be directly calculated from experimental data using the
following equation:
. A—Ay

B ()
where Ay, A and A, are the absorbances of the substrate
in the absence of surfactant, in the presence of
surfactant, and when the substrate is completely micellar
bound, respectively [4,28,29].

The values of f obtained by using Eq. (3) are shown in
Fig. 3 for AA and TB™ in the absence and presence of
HCl as a function of CTAB concentration. It is seen that
the values of f reached a plateau for AA but did not
reach a plateau value for TB™ with increasing CTAB
concentration.

For the determination of the binding constant, Kpg,
the modified equation of Benesi—Hildebrand [30—32]
was used

(S 1 1

(A—A))  (em—2) * Kg(em — €)Cry (4)

where ¢, and ¢ are the molar absorptivities of the
substrate in the micelle-associated and free states,
respectively, and Cy, is the concentration of micellized
surfactant (total concentration of surfactant, CMC).
CMC is the critical micelle concentration of CTAB in
the experimental medium, obtained from the onset of
absorption enhancement [22,23].

The plot of Si/A4 — Ag vs 1/[C,,] was found to be linear
r > 0.9998 in all cases confirming 1:1 complex forma-
tion between micelle and substrate, as seen in Fig. 4. The
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Fig. 3. Fraction of the substrate associated to micelle as a function of

CTAB concentration. (¢) TB™ without HCl, (%) HA™ without HCI,
(¢) TBH?" in 0.1 mol dm—> HCL.
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Fig. 4. Relation between S/A4 and 1/C,, according to Eq. (4). (¢) TB*
without HCL, (%) HA~ without HCI, (¢) TBH>* in 0.1 mol dm~> HCI.

Kg and ¢, values of TB' and AA calculated from the
slope and intercept of the plots shown in Fig. 4 are
compiled in Table 1. Table 1 also summarizes CMC
values determined by absorbance method [33,34]. The
presence of AA and HCI reduced CMC values due to
the known effect of added electrolyte.

Results indicated that TB™, which is a cationic dye,
was incorporated into the cationic micelles by hydro-
phobic attraction, which is sufficiently intense to over-
come electrostatic repulsion between dyes and micelles
of similar charge. This is in agreement with the finding
of Taniguchi and Iguchi for incorporation of four
cationic dyes to cationic micelles [33], with the results of
Reddy and Katiyar for the binding of cationic ethyl
violet carbonium ion to cationic micelles [35], and also
with the results of Sabate et al. for binding of pinacyanol
chloride to cationic micelles [32]. In the study of
association between anionic dyes to different types of
surfactants, a similar interaction was also observed
between anionic micelles and anionic dyes in spite of
electrostatic repulsion [36].

The binding constant of TB* to CTAB micelles
decreased in the presence of 0.1 mol dm > HCI. There-
fore, the smaller binding constant obtained for TBH>"
than that of TB™ is due to the increased electrostatic
repulsion between TBH>* and CTAB micelles which is
related to the increased positive charge on TBH>™.

AA was found to have a higher binding constant to
CTAB micelles than TB™ in the absence of HCI, but in
the presence of HCI, no interaction was observed. Lack
of interaction between H,A and CTAB micelles can be
expected since H>A has no hydrophobic structure and is
also uncharged in acidic pH.

The effect of micelles on the dissociation constants of
various dyes and acid—base indicators has been studied
[24,37,38]. The shifts in the pK, have been attributed to
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Table 1

Interaction parameters of toluidine blue and ascorbic acid with CTAB micelles in the presence and absence of HCI

em® M~ em™! CMCP (mol dm™3) Ky (dm® mol™) e

TB* without HCI 30,016 9.0 X 107* 1535+ 1.0 0.730
TB™ in 0.1 mol dm > HCI 24,592 3.0 X 1074 146.2 + 0.5 0.690
HA™ without HCI 12,348 8.4 x 107* 1706 £+ 0.5 0.915

& ey calculated from (e,—e¢) since ¢ values separately determined, error limit in &, is +1%.

® Obtained from absorbance measurements at 25 °C (CMC in pure water is 9.2 X 10~* mol dm~ [20]).

¢ Calculated in the presence of 1.0 X 1072 mol dm~* CTAB.
electrostatic and polarity effect of micelles and also to In(A; — Aw) = —kot+1In(4g — A=) (5)

monomeric surfactant head groups. The observed effect
of CTAB micelles can also be rationalized in terms of

micellar effects upon the apparent dissociation constants
of TB* and AA.

3.2. Kinetics of reduction of TB™ in the
absence of CTAB

The reduction of TB* to colourless leuco compound
involves two single electron transfer steps, i.e. TB™
gains two electrons [5,39]. The stable oxidation product
of AA is dehydroascorbic acid. The oxidation of AA to
dehydroascorbic acid also involves transfer of two

electrons, i.e. AA loses two electrons [40]. The reaction
scheme may be proposed as follows:

TB* + AA — leuco-TB + oxidized-AA

B* +2 e = leuco-TB

AA -2 ¢ = oxidized-AA

B AA

@[ o [

leuco- TB

3

O
Oxidized-AA

The observed pseudo-first order rate constant, ko,
was obtained from plots of In(4,— A.) against time
using the equation [41]:

where A4, Ay and A, are the absorbances at time ¢, 0,
and equilibrium, respectively. The observed pseudo-first
order rate constants in the absence and presence of
0.1 moldm™ HCI calculated from the slope of the
straight lines between In(A4; — 4 ) and time are given in
Table 2.

The kinetics of this reaction in the presence of HCl
was studied by Safavi and Fotouhi [17], therefore we
report here a brief summary of our results including the
ones obtained in the absence of HCI for comparison
with those obtained in micellar media.

The increase in ko with the presence of HCI can be
attributed to the change in the concentration of the
protonated species of reactants in solution. The species
of toluidine blue and ascorbic acid changes with the
variation of pH. In the presence of 0.1 moldm ™ HCI,
TBH>" and H,A are the only species present in
solution. One would expect that reduction of TB™
would be slower in the presence of HCI as the negative
charge on the AA is decreased. Our results showed the
opposite effect of acidic medium, i.e. the reaction rate
increased in agreement with previous finding of Safavi
and Fotohui [17]. This result may indicate that H->A is
more reactive than HA~ and TBH?* more reactive than
TB™.

3.3. Kinetics in the presence of CTAB

The kinetics of this reaction was studied for different
CTAB concentrations, in the range of 1 X 107°—1 X
10> moldm . In the absence of HCl and CTAB
micelles, the reaction proceeds very slowly, the absorp-
tion band does not vanish, but there is an almost 50%

Table 2

Kinetic parameters of the reduction reaction of toluidine blue with
ascorbic acid in the presence of CTAB micelles using the micellar
pseudophase model

Absence of HCI In 0.1 mol dm > HCI

ko (min~ ") 0.149 + 0.008 0.302 £ 0.006
ky (min~")?* 0.265 £ 0.005 0.194 + 0.003
km (min~h) 0.345 + 0.004 0.112 £ 0.004
K} (dm* mol™") 1414+ 04 130.8 + 0.5

@ Calculated in the presence of 1.0 X 1072 mol dm > CTAB.
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loss in intensity. On the other hand, in the presence of
CTAB micelles, the reaction is accelerated and the
absorption band for TB™ completely vanishes. The
electrostatic attraction between oppositely charged TB*
and HA™ for effective reaction in aqueous medium is not
observed, presumably because of the solvation effect. The
extent of solvation is reduced through the use of micellar
environment. The complete reduction of micelle bound
TB™ occurs at high micelle concentrations.

The reduction rate of TB™ in the presence of CTAB
with or without HCI showed some striking differences.
Pseudo-first order rate constant increased with increase
in CTAB concentration in the absence of HCIl and
contrarily decreased in the presence of HCI. The
variation of the observed pseudo-first order rate
constants, ky, for the reduction of TB as a function of
CTAB concentration in the absence and presence of
0.1 moldm* HCl is depicted in Fig. 5. The plot of ky
against CTAB concentration [C] above the CMC can be
fitted to the following equation:

ky = —1223[C)* 426.104[C] +0.12 (I
A similar mathematical model between k,, and CTAB

concentration [C] above the CMC was also developed
from the data shown in Fig. 5 in the presence of HCI, as:

k, = 308.87[C]* — 14.59[C]+0.31 (I1)
The lines in Fig. 5 were drawn according to these
equations.

The kinetics are discussed in terms of micellar
pseudophase model, which assumes that reaction can

0.40

0.30 ¢

0.20

0.10

00 +——r—+—F———————
o 2 4 & 8 10

[CTAB] .103 (mol. dm)

Fig. 5. Variation of the pseudo-first order rate constant of the reaction
of TB™ with HA™ as a function of CTAB concentration. (A ) without
HCI, solid line is fitted to Eq. (I), () in 0.1 mol dm > HCI, solid line is
fitted to Eq. (I).

take place both in aqueous and micellar pseudophases.
It should be possible therefore to treat the rate-
surfactant profiles in terms of the concentrations of
reactants in each pseudophase. Use of the pseudophase
model also allows comparison of the rate constants in
the pseudo-micellar phase and in the bulk [35,42,43].

In this work, reduction reaction of TB™ with AA in
the presence of cationic CTAB micelles is applied to the
Michaelis—Menten type kinetics [33,43]. This pseudo-
phase model treats overall rate constants as the sum of
rate constants in two pseudophases. The pseudophase
model predicts that overall first order rate constants, ky,
for a spontaneous micellar-accelerated reaction should
increase monotonically until all the substrate is micellar-
bound. Conversely, for an inhibited reaction, k,
decreases monotonically to a constant value [44,45].
The reaction proceeds in both phases depicted as

Kl

M+ S MS

kg K (6)

p

m

The substrate (S) forms a complex with micelle (M)
and kg and k., are the rate constants for the reaction in
the aqueous and micellar pseudophase, respectively.
This behaviour is fitted to Eq. (7)

ko+ kK Crn
— 20T PmBpm 7
Y 1+ KgCn 0
It can be rearranged into
| 1 1
ko—ky ko—kn * (ko — k) KL Crn ®)

where K} represents the binding constant of a given
reactant in the reaction media. As predicted the plots of
1/(ko — ky) vs 1/Cy, are linear at high concentrations of
CTAB micelles (r > 0.9997) as seen in Fig. 6. The line
in Fig. 6 in the absence of HCI was drawn according to
the equation given below:

1 1
= —0.03615— —5.133 I
ko — Ky Cnm (D

The line in the presence of HCI was drawn according
to the equation given below:

1 1
=0.04019— +5.261 v
T~ 004019+ (1V)

km and K} values obtained from the slope and intercept
of the plots shown in Fig. 6 and the observed pseudo-
first order rate constants obtained in the absence of
CTAB (ko) and in the presence of 1.0 X 1072 mol dm >
CTAB (ky) are listed in Table 2.
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Fig. 6. Plots of (1/ko —ky) vs 1/Cy, according to Eq. (8). (A) without
HCI, solid line is fitted to Eq. (IIT), (e) in 0.1 mol dm > HCI, solid line
is fitted to Eq. (IV).

The binding constants of TB™ to the CTAB micelles
estimated from binding and kinetic data can be
compared with the values listed in Tables 1 and 2,
respectively. The Kp values obtained from binding
studies in the absence of any additive were higher than
the K values obtained under the reaction conditions,
i.e. in the presence of the other reactant, which competes
with TB* for the micelles. These results are in
agreement with the findings of Kabir-ud-Din et al.
[42]. Though the values differ, the kinetically determined
K} values are pertinent for the reason that they belong
to the actual experimental conditions. It can be
concluded that both binding constants, Kz and K}
decreased with the presence of 0.1 mol dm > HCL

The reduction of TB™ with HA™ in the absence of
HCI, which proceeds very slowly, was catalyzed by
CTAB micelles. The two primary physicochemical
factors responsible for the change in the observed first
order rate constant were: the change in the reactivity of
the reactants on transfer from water to the pseudo-
micellar phase and increased encounter probability of
reactants in the micellar phase. In the absence of HCI,
TB" was bound to CTAB micelles by hydrophobic
interaction and HA™ was bound to the micelles by
electrostatic interaction. In other words, both reactants
were bound to the CTAB micelles, i.e., concentrated in
a small volume and their reactivities might also be
changed so that the reaction was accelerated, since the
rate constant of this reaction in the pseudo-micellar
phase, k,,, was about twice the value of k.

On the contrary, reduction of TBH?™ with H,A in
the presence of HCl was retarded by CTAB micelles.
The value of rate constant in the micellar phase, k,,, was
less than that in the bulk phase, k. The reduction of
TBH>" is inhibited about 3-fold in micelles in the

presence of HCI. The decrease of pseudo-first order rate
constant, k,, as a function of CTAB concentration is as
expected for the situation where H,A is almost entirely
in aqueous phase and TBH*? is partially bound to the
micelles. It is worthwhile to note that the reaction rate
between H,A in the bulk and TBH "2 associated with
CTAB micelles is smaller than its rate in aqueous
solution. This effect is not difficult to interpret by using
results of binding studies which indicate that there is no
interaction between H,A and CTAB micelles in the
presence of HCI. It must also be remembered that
exclusion of the H" ions from micellar surface can also
be responsible for the smaller value of k,, obtained in
the presence of HCI. Although we have not calculated
the apparent pK, values of TB™ and AA in the micellar
pseudophase, it is well known that micelles almost
certainly shift the apparent pK, values [37,38].

4. Conclusions

The data presented show that in the absence of HCI,
the reduction rate of TB* with AA is accelerated as the
concentration of CTAB increased. The rate enhance-
ment is derived largely from reactants being concen-
trated into a small volume of the micellar pseudophase.
However, in the presence of HCI, the rate is greatly
retarded, because uptake of TB™ to micelles lowers its
concentration in the aqueous phase. Changing species of
TB™ and AA in acidic pH, must be responsible for this
opposing effect of CTAB micelles.

The effect of CTAB micelles on the reaction rate in
the absence and presence of HCI, is well described by
pseudophase model. Binding of TB* and AA to CTAB
micelles has been calculated separately in order to
interpret the micellar effects on the reaction rate. TB™
incorporated in or on the cationic CTAB micelles by
hydrophobic attraction. The binding of TB™ to CTAB
micelles decreased in acidic pH due to the increased
positive charge on TB*. AA was found to have the
highest binding constant to CTAB micelles in the
absence of HCIl, whereas no interaction was observed
in the presence of HCI where undissociated species of
ascorbic acid is dominant.

Acknowledgements

This work was supported by the Research Fund of
Istanbul University, Project T-303/301096.

References

[1] Dominguez A, Iglesias E. Micellar effects on the ionic-redox
reaction BrO;7/Br™ in acid medium. Langmuir 1998;14:2677—83.
[2] Marin MA, Nome F, Zanette D, Zucco C, Romsted LS. Effect
of cetyltri methylammonium micelles with bromide, chloride
and hydroxide counterions on the rates of decomposition of



8 B. Arikan, M. Tuncay | Dyes and Pigments 64 (2005) 1—8

para-substituted aryl-2,2,2-trichloroethanols in aqueous NaOH.
J Phys Chem 2001;99:10879—82.

[3] Simoncic B, Kert M. A study of anionic dye—cationic surfactant
interactions in mixtures of cationic and nonionic surfactants.
Dyes Pigments 2002;54:221-37.

[4] Bunton CA, Romsted LS, Smith HJ. Quantitative treatment of
micellar catalysis of reactions involving hydrogen ions. J Org
Chem 1978;43:4299—303.

[5] Jonnalagadda SB, Tshabalala D. A kinetic study of the reduction
of toluidine blue with thiourea in acidic solution. Int J Chem
Kinet 1992;24:999—1007.

[6] Sutter JR, Spencer W. An equilibrium and kinetic study of the
methylene blue—ferrocyanide reaction in acid medium. J Phys
Chem 1990;94:4116—9.

[7]1 Muthakia GK, Jonnalagadda SB. Uncatalyzed and V (V)-
catalyzed reaction of methylene blue with potassium bromate in
aqueous sulfuric acid. J Phys Chem 1989;93:4751—6.

[8] Marczenko Z, Uscinska J. Flotation-spectrophotometric deter-
mination of osmium with thiocyanate and methylene blue. Anal
Chim Acta 1981;123:271-7.

[9] Jonnalagadda SB, Musengiwa N. Kinetics and mechanism of
reaction of toluidine blue with acidic bromate. Int J Chem Kinet
1998;30:111-20.

[10] Jonnalagadda SB, Gollapalli NR. Studies on toluidine blue
reaction with sulfite in aqueous solution and role of Cu (II) as
promoter. Int J Chem Kinet 1999;31:539—49.

[11] Oakes J, Gratton P, Gordon-Smith T. Combined kinetic and
spectroscopic study of oxidation of azo dyes in surfactant
solutions by hypochlorite. Dyes Pigments 2000;46:169—80.

[12] Arikan B, Tungay M, Apak R. Sensitivity enhancement of the
methylene blue catalytic—spectrophotometric method of
selenium (IV) determination by CTAB. Anal Chim Acta 1996;
335:155—67.

[13] Perez-Benito JF, Arias C. A kinetic study of the oxidation of
L-ascorbic acid by chromium (VI). Int J Chem Kinet 1993;25:
221-7.

[14] Sansal U, Somer G. The kinetics of photosensitized decomposi-
tion of ascorbic acid and the determination of hydrogen peroxide
as a reaction product. Food Chem 1997;59:81—6.

[15] Cooper JA, Wu M, Compton RG. Photoelectrochemical analysis
of ascorbic acid. Anal Chem 1998;70:2922—7.

[16] Wen XL, Zhang J, Liu ZL, Han ZX, Rieker A. Micellar effects on
the oxidative electrochemistry of lipophilic vitamin C derivatives.
J Chem Soc Perkin Trans 1998;2:905—10.

[17] Safavi A, Fotouhi L. Kinetic spectrophotometric determination
of ascorbic acid by reduction of toluidine blue. Talanta 1994;41:
1225-8.

[18] Sepulveda L. Absorbances of solutions of cationic micelles and
organic anions. J Colloid Interface Sci 1974;46:372—9.

[19] Awan MA, Shah SS. Hydrophobic interaction of amphiphilic
hemicyanine dyes with cationic and anionic surfactant micelles.
Colloids Surf A 1997;122:97—101.

[20] Ionescu LG, Romannesco LS, Nome F. In: Mittal KL, editor.
Surfactants in solution, vol. 2. p. 789—812.

[21] Jaky M, Kozhevnikov IV, Hoft E. Oxidation with permanganate
in strong alkaline medium. Oxidation of pyruvic and lactic acids.
Int J Chem Kinet 1992;24:1055—65.

[22] Rosenthall KS, Koussale F. Critical micelle concentration
determination of nonionic detergent with Coomassie brilliant
blue G-250. Anal Chem 1983;55:1115—7.

[23] Samsonof C, Daily J, Almong R, Berns DS. The use of Coomassie
brilliant blue for critic micelle concentration determination of
detergent. J Colloid Interface Sci 1986;109:325-9.

[24] Dutta RK, Bhat SN. Association of neutral red with micelles and
its effect on the pK,. Can J Chem 1993;71:1785—9.

[25] Senz A, Gsponer HE. Association of nitrophenols to sodium
dodecylsulfate micelles. J Colloid Interface Sci 1997;195:94—100.

[26] Taqui Khan MM, Martell AE. Metal ion and metal chelate
catalyzed oxidation of ascorbic acid by molecular oxygen I.
Cupric and ferric ion catalyzed oxidation. J Am Chem Soc 1967;
89:4176—85.

[27] Shen X, Belletete M, Durocher G. Quantitative study of the
hydrophobic interaction mechanism between urea and molecular
probes used in sensing some micro heterogeneous media. J Phys
Chem 1997;101:8212—20.

[28] Shah SS, Khan MS, Ullah H, Awan MA. Solubilization of
amphiphilic hemicyanine dyes by a cationic surfactant cetyltri-
methylammonium bromide. J Colloid Interface Sci 1997;186:
382—6.

[29] Hirose C, Sepulveda L. Transfer free energies of p-alkyl-
substituted benzene derivatives, benzene, and toluene from water
to cationic and anionic micelles and to n-heptane. J Phys Chem
1981;85:3689—94.

[30] Benesi HA, Hildebrand JH. A spectrophotometric investigation
of the interaction of iodine with aromatic hydrocarbons. J Am
Chem Soc 1949;71:2703—7.

[31] Sarkar M, Poddar S. Spectral studies of methyl violet in aqueous
solutions of different surfactants in supermicellar concentration
region. Spectrochim Acta Part A 1999;55:1737—42.

[32] Sabate R, Gallardo M, Maza A, Estelrich J. A spectroscopy study
of the interaction of pinacyanol with n-dodecyltrimethylammo-
nium bromide micelles. Langmuir 2001;17:6433—7.

[33] Taniguchi Y, Iguchi A. Effect of pressure on the rate of alkaline
fading of triphenylmethane dyes in cationic micelles. ] Am Chem
Soc 1983;105:6782—6.

[34] Duff DG, Giles CH. Spectrophotometric determination of the
critical micelle concentration of surfactants. J Colloid Interface
Sci 1972;41:407—14.

[35] Reddy TAK, Katiyar SS. In: Mittall KL, editor. Solution behavior
of surfactant; 1982. p. 1017—-32.

[36] Guo LN, Arnaud I, Petit-Ramel M, Gauthier R, Monnet C,
LePerchec P, et al. Solution behavior of dye—surfactant asso-
ciations. J Colloid Interface Sci 1994;163:334—46.

[37] Yuangin Z, Fan L, Xiaoyan L, Jing L. The effect of surfactant
micelles on the dissociation constants and transition points and
transition intervals of acid—base indicators. Talanta 2002;56:
705—10.

[38] Bercu C, Oncescu T, Lupan L, Bandula R, Vasilescu M, Sandu T,
et al. Modification of molecular properties of some dyes in sodium
dodecyl sulphate micellar aqueous solution. Fresenius J Anal
Chem 1996;355:753—5.

[39] Jonnalagadda SB, Dumba M. Reduction of toluidine blue by
stannous ion at low pH: kinetics and simulations. Int J Chem
Kinet 1993;25:745—53.

[40] Unaleroglu C, Ziimreoglu-Karan B, Zencir Y, Hokelek T. pH-
independent decomposition reactions of L-ascorbic acid in
aqueous metal solutions—I. Formation and structures of Co(II)
and Gd (III) oxalates. Polyhedron 1997;16:2155—61.

[41] Espenson JH. Chemical kinetics and reaction mechanisms. 2nd ed.
New York: McGraw Hill; 1995.

[42] Din K, Salem JKJ, Kumar S, Khan Z. The micelle-induced
interaction between ninhydrin and tryptophan. J Colloid Interface
Sci 1999;215:9—15.

[43] Din K, Hartani K, Khan Z. Micellar catalysis on the redox
reaction of glycolic acid with chromium (VI). Int J Chem Kinet
2001;33:377—86.

[44] Brinchi L, Di Profio P, Germani R, Giacomini V, Savelli G,
Bunton CA. Surfactant effects on decarboxylation of alkoxyni-
trobenzisoxazole-3-carboxylate ions. Acceleration by premicelles.
Langmuir 2000;16:222—6.

[45] Brinchi L, Di Profio P, Germani R, Savelli G, Gillitt ND,
Bunton CA. Micellar effects on Sy2 reactions of alkyl naphtha-
lene-2-sulfonates: the role of hydrophobic substituents. J Colloid
Interface Sci 2001;236:85—95.



	Micellar effects and reactant incorporation in reduction of toluidine blue by ascorbic acid
	Introduction
	Experimental
	Materials
	Procedures
	Micellar binding
	Kinetic measurements


	Results and discussion
	Binding of solutes to micelles
	Kinetics of reduction of TB+ in the absence of CTAB
	Kinetics in the presence of CTAB

	Conclusions
	Acknowledgements
	References


