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ABSTRACT

To explore the catalytic property of mixed micelles, the kinetic study of the base hydrolysis of [Fe(phen)3]
2+ was 

carried out in the presence of mixed micelles formed by surfactants of sodium dodecyl sulphate (SDS) and TritonX-100 
over a wide range of mol fractions (α) of Triton X-100 and total surfactant concentrations (Ct). As a prerequisite 
to the kinetic study, micellization behavior of the mixed surfactants of SDS and Triton X-100 has been studied. The 
critical micellar concentrations (Cexp) of the mixtures of the two surfactants were determined experimentally using 
surface tension measurements. Using the Cexp values the average interaction parameter was calculated which indi-
cates a synergistic behavior of the mixed micellar system. In the kinetic study, it was found that, at fixed value of Ct 
, the pseudo rate constant (k2) of reaction increases with increasing the value of α  and decreases with increasing 
total surfactant concentration, Ct at constant α. The pseudo phase model was applied to interpret the kinetic data 
in terms of binding constants.
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INTRODUCTION
 Mixed micellar aggregates are systems composed 

of two or more different surfactants in equilibrium 
with monomers. These systems are important because 
of the synergism shown by the surfactant mixtures in 
their properties which results in better performance 
compared to pure surfactants [1 - 4]. The structural and 
physicochemical aspects of these micelles have been 
well studied [2, 5 - 8] but studies involving kinetics of 
reactions influenced by mixed micelles are very few [9 
- 13]. In the few reactions reported in literature so far, 
simple pseudo phase model was applied to account for 

the kinetic behavior. We have earlier reported kinetics of 
alkaline hydrolysis of isatin in presence of CTAB/Triton 
X-100 mixed micelles [12]. In order to explore the cata-
lytic behavior of mixed micelles further, we have taken 
up the kinetic study of the base hydrolysis of tris(1,10-
phenanthroline)iron(II) complex, in the presence of SDS 
and Triton X-100 mixed micellar systems which was 
well studied in aqueous and other media [14 - 19]. It is 
essential to investigate the synergistic property of the 
micellar system before kinetic study to understand the 
catalytic property of the system. The synergistic behavior 
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and the kinetic results are reported in this paper.

EXPERIMENTAL

All solutions were prepared in doubly distilled water 
and chemicals used were of analytical reagent grade. 
SDS and Triton X-100 were obtained from Merck, India 
and used without purification.

Determination of CMC of mixed micelles {Cexp}
The CMC’s of pure SDS, pure Triton X-100 and the 

mixtures of SDS - Triton X-100 were determined from 
surface tension measurements using a stalagmometer 
at an ionic strength, µ = 0.08 mol dm-3. CMC’s were 
determined at different total surfactant concentrations 
and at different mole fractions of SDS surfactant[α]. 

Kinetic measurements
The kinetic measurements were carried out using a 

Shimadzu UV-1800 double beam spectrophotometer by 
measuring the decrease in absorbance of [Fe(phen)3]

2+ 
at 510 nm. The reaction was carried out under pseudo 
first order conditions, [OH-] >> [[Fe(phen)3]

2+]. The 
kinetic data are the average from duplicate runs with 
reproducibility less than ± 3 %. All the experiments were 
performed at 30.0 ± 0.1ºC.

RESULTS AND DISCUSSION

Determination of interaction parameter β and 
CMC{Ccalc}

The pseudo-phase models are quite successful in 
predicting the behaviour of both binary non-ionic and 
binary ionic mixtures of surfactants which but in the case 
of binary mixtures of nonionic and ionic surfactants or of 
surfactants with different hydrophilic groups deviations 
from the ideal pseudo-phase model were observed. A 
pseudo-phase model where non ideal mixing is treated 
using a regular solution approach was developed for 
non-ideal binary surfactant mixtures which takes into 
consideration the activity coefficients f1 and f2 of the 
surfactants 1 and 2 involved in micellzation [20, 21]. 
The CMC of the mixtures can be calculated as

cal 1 1 2 2

1α (1-α)
C f C f C

= +                                                                                   (1)

In this equation, α1 is the stoichiometric mole frac-
tion of surfactant1in the mixture. For ideal behaviour, 
f1 = f2 = 1. The nature and strength of the interactions 
between surfactants is determined by calculating  b  
parameter. The first step in the determination of the  
b  parameter is determination of CMC experimentally 
(Cexp) from the surface tension (g) versus log concentra-
tion (log C) plots of aqueous solutions of the individual 
surfactants and their mixtures. The value of Cexp was 
substituted in equation (2) is derived by Rubingh [20].

                                                                             (2)
1

2
1 exp 1

2
1 exp 1 2

ln[ / ] 1
(1- ) [ln(1- ) /(1- ) ]

X C X C
X C X C

α
α

=

where X1 is the mole fraction of surfactant 1 in the 
mixed micelle. Equation (2) was solved for X1 using 
Gauss - Newton iterative method in FORTRAN devel-
oped by the authors to obtain the value of X1. Substitu-
tion of the value of X1 in Equation (3) gives the value of 
interaction parameter b  for each mole fraction.

exp 1 1

2
1

ln[ / ]
(1- )
C X C

X
αb =                                              (3)            

The value of b  is a measure of the extent of interac-
tion between the surfactants, negative values indicating 
synergism and positive values antagonism. Once the 
values of X1 and b are known, f1 and f2were calculated 
using the expression

2
1 1exp( (1- )f Xb=  and 

2
2 1exp( )f Xb=         (4)

and then Ccalc calculated using equation (1). From the 
values of f1 and f2,the total monomer concentration of 
the two surfactants (Cmon) above the mixture CMC for 
a given total surfactant concentration (Ct) is obtained 
from equation (5). 

1 1 1 1 2 2(1- )monC X f C X f C= +                             (5)               

The total concentration of the micellized surfactants, 
CM (= Ct - Cmon) is then calculated and used in the analysis 
of kinetic data in this work. Table 1 shows the values 
of X1, β, Ccalc, Cmon obtained. The β values indicate that 
SDS-Triton X-100 mixtures show a negative deviation 
from ideal behavior implying attractive interactions 
between the two surfactants in the micelles.
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Kinetic Study
The kinetic investigations have been carried out in 

the presence of mixed micelles of SDS and Triton X-100 
under the conditions, [OH-] >>> [Fe (phen)3]

2+ thus iso-
lating [Fe(phen)3]

2+. A plot of log(At) versus time (where 
At is the absorbance at time t) has been found to be linear 
for at least 95 % of the reaction showing first order kinet-
ics with respect to [Fe (phen)3]

2+. The study was carried 

out at different initial concentrations of OH- ion and the 
plots of pseudo first order rate constant k’ versus [OH-] 
were found to be linear with a small positive intercept. 
The observed first order rate constant can be written as

			    
k' = k1 + k2[OH-]                                            (6)

where k1 is the OH- independent path and k2 is the OH- 
dependent path as is the case in aqueous medium.

Effect of pure SDS and Triton X-100 on the rate
Fig. 2 shows a plot of k’ against different initial 

concentrations of SDS and Triton X-100. The plot shows 
that k’ values fall sharply with increase in concentration 
of SDS till about 1x10-3 mol dm-3 and beyond this, the 
increase in SDS concentration shows saturation effect. 
The first order rate constant values decrease more than 
thirty times in SDS micellar media compared to aqueous 
medium. In contrast to the above observation, the reac-
tion is marginally accelerated in the presence of Triton 
X-100. The inhibition by SDS is attributed to the electro-
static repulsions between OH- and the anionic surfactant 
that prevent OH- ions from reaching [Fe (phen)3]

2+ which 
are accumulated on the negative surfactant. 

Effect of α (mole fraction of Triton X-100) and Ct 

(total surfactant concentration) on the rate
A series of kinetic runs were carried out over a wide 

range of stochiometric mole fractions (α) and at different 

Table 1.  CMC12, X1, b  and Average b  for SDS-Triton X-100 System in 0.08 mol dm-3 Na2SO4 at 30°C.

Mol 
fraction of 

TRITON X-
100, α 

CMC12x103 

(mol dm-3 ) 
Experimental 

CMC12x103  
(mol dm-3 ) 
Calculated 

X1 β f1 f2 Cmonx103 

(mol dm-3 ) 
 

0.0 1.0 - - - - -       - 

0.1 0.8 0.83 0.759 -2.63 0.985 0.859 0.83 

0.2 0.6 0.80 0.577 -1.03 0.832 0.709 0.60 

0.4 0.4 0.40 0.434 -1.85 0.553 0.706 0.40  

0.5 0.25 0.25 0.418 -3.56 0.299 0.537 0.25 

0.8 0.25 0.25 0.301 -3.68 0.116 0.716 0.25 

0.9 0.15  0.15 0.323 -6.69 0.046 0.498 0.15 

1.0 0.4 - - - - - - 

 

Fig. 1. k’ vs. [NaOH] at [Fe(phen)3]
2+ = 4.0x10-5 mol 

dm-3; [SDS] = 4.0x10-3 mol dm-3 ; α = 0.5; μ = 0.08 mol 
dm-3, T = 30oC.
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total surfactant concentrations (Ct). The observed rate 
constants are shown in Table 2. The results show that, 
at a fixed Ct, as the mole fraction of Triton X-100, i.e., 
α increases, the rate increases. The presence of nonionic 

surfactant molecules minimizes the electrostatic repul-
sions between the SDS head groups, thus facilitating 
micellar ionization (Counter ion binding decreases 
leading to increase in rate). Also, as the mole fraction of 

Table 2. First-order rate constants, k’x104 s-1 of reaction in SDS-Triton X-100 
surfactant mixtures varying Triton X-100 mole fractions (T=30oC, [Fe(phen) 

3]
2+ = 4.0x10-5 mol dm-3; [NaOH] = 0.03 mol dm-3; μ = 0.08 mol dm-3). The 

First-order rate constant, kW obtained in bulk water (in the absence of sur-
factant) is 15.14x10-4 s -1.

 
[SDS]×103 

(mol dm-3) 

α 

0.2 0.4 0.6 0.8 
0.4 6.02 6.09 7.33 8.41 
0.6 5.88 6.06 6.42 8.21 
0.8 5.76 5.96 5.89 7.54 
1.0 4.41 5.76 5.72 6.95 
2.0 3.19 4.57 5.36 6.74 
4.0 2.65 4.46 5.00 6.45 
8.0 2.64 4.17 4.82 6.24 

16.0 2.59 4.01 4.52 6.14 
24.0 2.55 3.98 4.42 5.61 
30.0 2.51 3.84 4.21 4.94 

 

Fig. 2. k’ vs.[surfactant] of SDS and Triton X-100 at 
[Fe(phen) 3]

2+ = 4.0x10-5 mol dm-3; [NaOH] = 0.03 mol 
dm-3; μ = 0.08 mol dm-3; T = 30oC.

The First-order rate constant, kW obtained in bulk water (in the absence of 
surfactant) is 15.14x10-4 s-1.

Fig. 3. 1/(k’-kw) vs. 1/Cm at different mole fractions 
of Triton X-100 α = 0.2, α = 0.4, α = 0.6, α = 0.8, T 
= 30oC.
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Triton X-100 increases, binding between [Fe(phen)3]
2+ 

and SDS decreases, decreasing the distance between 
[Fe(phen)3]

2+and [OH-].
For a given mole ratio, the influence of mixed mi-

celles of SDS/Triton X-100 was also determined at dif-
ferent total surfactant concentrations. The results show 
that the rate constants decrease with increase in SDS and 
hence total surfactant concentration Ct. Here there are 
two opposing factors, inhibition by SDS and marginal 
acceleration by Triton X-100. Since the inhibition by 
SDS is more significant, there is an overall decrease in 
the rate constants. 

Mechanism
The values of k1 = 9.0 x 10-5 s-1 and k2 = 1.043 x 

10-2 mol-1 L s-1. (Eq. 6, Fig. 1) indicate that k1<< k2. 
Therefore k’ ≈ k2 [OH-]. Accordingly, the mechanism 
in Fig. 4 is considered for the kinetics in the presence 
of mixed micelles of SDS and Triton X-100. In this 
reaction scheme, kW and kM indicate the rate constants 
in aqueous and micellar pseudo-phases, respectively, 
and KA represents the binding constant of the complex. 
The overall hydrolysis rate is the sum of the rates of 
the two pathways involving the hydroxide ion in bulk 
water and the cationic complex in each pseudo-phase. 
The decreasing trend of k’ observed at a given Triton 
X-100 mole fraction, with increasing total surfactant 
concentration (or SDS concentration in the surfactant 

mixture) is explained by the equation of pseudo phase 
model [17] given below.

'
w M w A m M w

1 1 1= + ..........(7)
(k -k ) (k -k ) (K C (k -k ))

              (7)
 

According to equation (7), a plot of 1/ (k’-kw) ver-
sus 1/Cm should be linear with an intercept. Such a plot 
was obtained and the values of kM and KA are given in 
Table 3. kM and KA can be evaluated from the slope and 
intercept of the plot. The values show that as the mole 
fraction of Triton X-100 increases (i.e., as mole fraction 
of SDS decreases) the binding constant of the complex 
decreases and favours the approach of OH- ion towards 
the complex. This is in agreement with the observed rate 
constant k’ increasing with increase in the mole fraction 
of Triton X-100 (Table2).

CONCLUSIONS

The mixed critical micelle concentrations of SDS/
Triton X-100 at different mole fractions determined 
experimentally were used to calculate interaction pa-
rameter b. The negative values of b parameter shows 
that SDS and Triton X-100 mixtures exhibit synergistic 
behavior. 

Kinetic studies of the basic hydrolysis in these 
mixed micelles (SDS and Triton-X) show that there 
is a marked dependence of rate on the composition of 
mixed micelles.
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