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Abstract : The kinetics of the addition reactions of cyanide ions to crystal violet carbocations in micellar media were catalyzed by
cetyltrimethylammonium bromide micelles and inhibited by sodium dodecyl sulphate micelles. The observed rate constant depends
on the surfactant concentration and follows pseudo-first-order kinetics. Micellar catalysis is attributed to the alteration of the
microenvironment and interactions between various microenvironments. The positive cooperativity model of enzyme catalysis was
analysed using micellar data, and a cooperativity index value greater than one indicates the validity of the enzyme catalysis model.
The addition of solvents with long alkyl chains showed greater inhibitory effects on the overall catalysis and micelle formation.

Index Terms - Kinetics, Micelles, Cyanide, Catalytic, Positive cooperativity.

Introduction

In recent years, many chemical reactions have been extensively studied in micellar media. In an aqueous medium, when surfactants
reach a critical micellar concentration, they form larger aggregates of colloidal dimensions called micelles, which consist of two
separate microphases: a nonpolar micellar core formed by the hydrophobic parts of amphiphiles and a polar surface layer formed by
their head groups that are directed towards and in contact with the aqueous solution [1]. In nonpolar solvents, they form reverse
micelles [1]. The properties of the surface are altered in micellar media. Micellar catalysis can be considered enzyme catalysis.
Several comprehensive reviews have reported micellar reaction rates, ranging from inhibition to activation [2-15, 24]. The effect of
micelles on these reactions can be attributed to the concentration of the reagents in the micelles, alteration of the microenvironment,
and the presence of species in the micelles. These properties make them indispensable tools for numerous chemical reactions. Chao
and Morawetz [25] has been demonstrated that the reaction of mercuric ions with Co (NH3)2Cl; ion catalysed 140000 fold by sodium
hexadecyl sulphate micelles. This may help unravel the catalytic role of metal ions in metalloenzymes. The decolorization of dye
carbocations in the presence of various nucleophiles has been reported in several papers [16-18, 24]. Shinkai et al. [19] have been
demonstrated the oxidation of aldehydes with cyanide ion and flavin to the corresponding carboxylic acids facilitates in presence of
cationic micelles.

In this study, we report the effect of micelles on the reaction of triphenylmethane carbonium ions (CV*) with the
nucleophile CN™ and the effect of solvents (alcohols) on the cetyltrimethylammoniumbromide (CTAB) and sodiumdodecylsulphate
(SDS) micelle-inhibited reactions. The micellar catalysis has been attributed to the formation of catalyically functional micellar
aggregates of various species in the reaction system. Furthermore, the enzyme catalysis model of positive cooperativity can be
successfully applied to micelles. Stabilized carbonium ions (CV*) were generated using crystal violet dye (CV). The structure of
crystal violet (CV) is shown in Fig.1.
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Figure 1: Structure of the substrate Crystal Violet (CV)
Experimental:

Materials

The surfactants sodiumdodecylsulphate (SDS) and cetyltrimethylammoniumbromide (CTAB) were obtained from Sisco
Chemical Industries and used as received. Crystal violet (CV) was obtained from a Central Drug House. Sodium hydroxide and
disodium hydrogen phosphate were obtained from the Glaxo Laboratories. Potassium cyanide was obtained from Loba Chemie Pvt.
Ltd.. Methanol, ethanol, n- propanol, and n-butanol (all BDH analytical grade) were used as solvents. The solutions were prepared
using double-distilled water.

Procedure

The reaction rates were determined by monitoring the fading of crystal violet (CV*) at its maximum absorption wavelength
(588 nm) as a function of time using a Beckmann DU-6 Spectrophotometer by maintaining the pH of the solution at 9.5 and temperature
at 25°C £0.1°C.

Results and Discussion

The triphenylmethane carbocation (CV*) exhibits an absorption maximum of 583 nm in an aqueous medium. In the presence of
both 2 x 102 M CTAB and 5 x 10* M SDS micellar solutions, the absorption maximum was shifted to 588 nm. This red shift is
evidence that the micelles bind to the substrate by incorporating carbocation into the micelles.

Reaction mechanism of the substrate dyes (CV*) with the nucleophile CN™

Figure.2 shows the interaction between the substrate dye carbocation and cyanide ion. In an aqueous solution, the substrate dye
is ionized, yielding a positively charged carbonium ion. Owing to resonance stabilization, the positive charge of the carbonium ion was
delocalized throughout the entire molecule. In the second step, the nucleophile CN™~ reacts with the dye carbonium ion to produce a
colorless triarylleuconitrile compound.
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Figure 2: Reaction mechanism of the dye carbocation (CV*) with nucleophile CN".

Influence of dye carbocation concentration (CV*) on the rate constant of its reaction with CN- at a fixed concentration of
nucleophile CN-

The dependence of the observed rate constant on the dye carbocation concentration at a fixed concentration of CN~ (2.60 x 1072
M) is shown in Fig. 3(a). With an increase in the dye carbocation concentration from 5 x 10 M to 3 x 10> M, the observed rate
constant did not change. These results show that the observed rate constant is independent of the dye carbocation and follows a zero-order
reaction with respect to the dye carbocation. The observed rate constant for CV* was 1.02 x10-3 s,
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Figure 3(a): Impact of dye carbocation concentration on the rate constant of its reaction with CN- at a fixed nucleophile (CN")
concentration.

Effect of nucleophile (CN-) concentration on the rate constant of its reaction with CV* at a fixed concentration of CV* dye
carbocation (CV™)

The relationship between the observed rate constant and the nucleophile CN™ concentration is shown in figure 3(b). At a fixed
concentration of the dye carbocation (3 x 10> M), the observed rate constant increased linearly with an increase in the nucleophile
concentration from 5x10 M to 4 x 102 M.
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Figure 3(b): Dependence of the observed rate constant of the reaction of dye carbocation with nucleophile CN™.

These results show that the observed rate constant depends on the nucleophile concentration and follows pseudo-first-order
kinetics with respect to CN™. The reaction system between the carbocation and nucleophile CN- was maintained at pH 9.5 using a buffer
solution of (Na,HPO4 and NaOH). At this pH, the effect of hydroxyl ions is negligible compared to that of the nucleophile CN™.

Effect of CTAB micelles on the rate of the reaction between CV* and CN~

The variation in the observed rate constant of the CTAB micelle concentration on the reaction of nucleophile CN~ with the dye
carbocation is shown in figure 3(a). When the concentration of CTAB micelles in the reaction was increased, the observed rate constant
first increased and became nearly saturated at higher concentrations of CTAB. The observed catalytic effect of the CTAB micelles can be
explained by considering the formation of catalytically functional micellar aggregates with a net positive charge. This results in the
destabilization of the substrate ground state with respect to the transition state. The favorable electrostatic interactions between the positively
charged CTAB micellar aggregates and the negatively charged nucleophile CN- facilitate the approach of nucleophile CN- towards the
substrate dye carbocation, and the local concentration of nucleophile CN- increases around the micellar aggregate, leading to the catalytic
effect of CTAB, which contains a hydrophobic substrate. The overall catalysis factor k*., the ratio of the reaction rate constant in the
presence and absence of surfactant micelles for CV*, was found to be 37.

IJNRD2512240 ‘ IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/

JN

RD

ky % 103, 571

© 2025 IJNRD | Volume 10, Issue 12, December 2025| ISSN: 2456-4184 | INRD.ORG

5 10
[CTAB] x 103, M

15

20

23

Figure 4: Dependence of CTAB micelle concentration on the observed rate constant of the reaction of CV* with CN™.

Influence of SDS micelles on the reaction rate of CV* with CN~

The influence of the observed rate constant on the SDS concentration for the reaction of substrate CV* with CN™ is shown in

Figure

5. Initially, the observed rate decreased with an increase in SDS concentration, and became nearly saturated at higher concentrations.
The observed inhibitory effect of SDS micelles can be explained by considering the formation of catalytically functional micellar
aggregates with a net negative charge. The negatively charged nucleophile CN- is excluded from the catalytically functional micellar
aggregate because of its similar charge to that of the micellar aggregate and its lack of hydrophobicity. This makes the approach of CN"to

the strongly bound substrate

in the catalytic aggregate of the micellar surface containing a similar charge non-approachable. The overall inhibition factor k= ,the ratio

of

the reaction rate constant in the presence and absence of surfactant micelles for CV*, was found to be 6.
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Figure 5: Dependence of SDS micelle concentration on the observed rate constant of the reaction of CV* with CN™.

Quantitative analysis of micelle data

Surfactants and enzymes have polar and non-polar head groups on the same molecule. They have hydrophilic regions on their surfaces
and hydrophobic cores. Owing to their unique structural features, many models have been developed to understand the mechanism of
enzyme- catalyzed reactions by studying the mechanisms of simpler model chemical reactions [20-24].

The quantitative analysis of the micellar data was developed using Piszkiewicz’s model (20, 21), as shown in Scheme 1.

kp
nD+5 = = D,5
ke
D,5 » Products
-
g » Products
Scheme: 1

Here, S is the substrate (dye carbocation), n is the number of surfactant molecules D, and D,S is the functional micelle. Kp is the
dissociation constant of DS, and kw and km are the rate constants of the reaction in the bulk (aqueous) and micellar phases, respectively.

The reaction follows pseudo-first order kinetics and rate constant can be expressed as a function of surfactant D concentration and
is
given by

— km[D]n+kka (1)
kp+ [D]"
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Equation (1) may also be modified as

kg few
log =nlog [D] —logk @)
km—k ,, b

A plot of log [D] against log [(k ,— kw) / km - kw)] should yield a linear relationship with an intercept (-log Kp) and slope “n”.
The slope of this plot is referred to as the index of cooperativity in enzymatic reactions [20, 21].

When log [(k - kw) / (km - k)] is equal to zero, the value of n log [D] becomes equivalent to log Kop.

The quantitative analysis of the micellar data for the systems shown in Fig. 2 (CTAB) and 3 (SDS) is presented in Table 1 and
Fig. 6. The correlation coefficient (R?) of the Hill-type plots for CTAB is 0.996 and SDS were 0.996. The linearity of these plots with high
correlation coefficients indicates the applicability of Piszkiewicz's model. The binding constants for the CTAB and SDS systems were 1.02
x 108 and 1.02
x 10%*, respectively. The [D]so values for SDS were significantly lower than those for the CTAB-catalyzed reactions. This indicates that
when electrostatic interactions are favorable, catalytically functional micellar aggregates can be formed at lower surfactant concentrations.
An n value greater than 1 indicates positive cooperativity in the micelles. Furthermore, the interaction was found to initiate in the pre-
micellar region of the surfactant.

TABLE 1: Parameter values obtained from the Hill-type plots (Fig. 6), based on equation (2), using Piszkiewicz's model for the CTAB-
catalyzed and SDS-inhibited reaction between the dye carbocation and cyanide ion (CN7).

Micelles No. of kyrand D Slope, n (index of [D]s0 Or Intercept Kb Binding
values used cooperarivity) log [D]so (-log kp) constant
(1/Kp)
SDS 4 4.40 5.1x10° 12.03 9.33x101 1.07x10%
CTAB 4 2.17 1.7x10°3 6.02 9.77x107 1.03x108
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Figure 6. Quantitative analysis of CTAB and SDS micelles showing applicability of Piszkiewicz's model on the reaction of CV* with CN".
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Effect of Organic Solvents

Fig. 7 (a) and (b) show the effect of organic solvents on the micellar reaction of CV* with CN"The. The effect of organic solvents in
micellar media was investigated by varying the concentration of n-alcohols, namely methanol, ethanol, n-propanol (1.6M), and n-butanol
(0.5M), which were not too high to completely break the micellar aggregate in the reaction system at fixed concentrations of CTAB, SDS,
CN-, and substrate. Primary alcohols that do not have very long methyl chains are expected to remain close to the polar head groups of
the micelles rather than their interior, as established by a fluorescence probe study (16). The plots of the observed rate constant vs. molar
concentration of alcohol for the CTAB micelle-catalyzed and SDS micelle-inhibited reactions are shown in figure. The added alcohols
reduced the overall catalytic or inhibitory effect of the CTAB and SDS micelles, resulting in the reorganization of the nucleophile (CN")
at the reaction sites. Thus, alcohols with longer alkyl chains and lower dielectric constants were more effective in reducing the CTAB

catalysed or SDS-inhibitory rate than those with shorter alkyl chains.
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Figure 7(a): Effect of organic solvents on the reaction of nucleophile CN~ with dye carbocation in CTAB micelles.
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Figure 7(b): Effect of organic solvents on the reaction of dye carbocation with CN-ion in SDS micelles at [SDS] = 5x103 M,

[CN] = 3.5x10" M and [CV*] = 2.5x10°5 M.

Conclusion

The present study successfully demonstrated the addition reaction of a nucleophile with a carbonium ion in the presence of a micelle.

There is evidence of an interaction between carbonium ions and surfactants. The rate constant of the reaction showed a direct dependence on
the nucleophile concentration and was independent of the carbonium ion concentration. CTAB micelles enhanced the overall reaction rate,
whereas SDS micelles inhibited it. The positive cooperativity model of enzyme catalysis was effectively used to quantitatively analyze the
kinetic data in micellar systems. The added organic solvents with long alkyl chains showed greater inhibitory effects on both overall catalysis
and micelle formation.

Reference:

wWee N o O &~ w e

o e
N P O

13.

[JNRD2512240 ‘ IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)

Frendler, J, H. & Frendler, E.J., 1975. Catalysis in Micellar and Macromolecular System. Academy Press, New York.

Ansari TN, Xu G, Preston A, Gao P., 2024. Recent Highlights in Micellar Catalysis: An Industrial Outlook. Org Process Res Dev.
816-830.

Schmidt, M., Deckwerth, J., Schomécker, R. & Schwarze, M., 2018. Alkaline Hydrolysis of Methyl Decanoate in Surfactant-Based
Systems. J. Org. Chem. 83, 7398-7406.

Kuepfert, M., Cohen, A.E., Cullen, O. & Weck, M., 2018. Shell Cross-Linked Micelles as Nanoreactors for Enantioselective
Three-Step Tandem Catalysis. Chem.-A Eur. J. 24, 18648-18652.

Qu, P., Kuepfert, M., Ahmed, E., Liu, F. & Weck, M., 2021. Cross-Linked Polymeric Micelles as Catalytic Nano reactors. Eur. J.
Inorg. Chem. 420-1427.

Vafakish, B. & Wilson, L.D., 2021. A Review on Recent Progress of Glycan-Based Surfactant Micelles as Nano reactor Systems for
Chemical Synthesis Applications. Polysaccharides. 2, 168—186.

Shen, T., Zhou, S., Ruan, J., Chen, X., Liu, X., Ge, X. & Qian C., 2021. Recent Advances on Micellar Catalysis in Water. Adv.
Colloid Interface Sci. 287, 102299.

La Sorella, G., Strukul, G. & Scarso., 2015. A. Recent Advances in Catalysis in Micellar Media. Green Chem. 17, 644-683.

Zakhrwa, L.Y., Kudryavtseva L.A., Shagidullina R.A. & Valeeva, F.G., 2001. The factors determing the micellar effects on
nucleophilic substitution reactions. J.Mol. Liq., 94, 79-86.

. Nicholas A. Isley, Roscoe T. H. Linstadt, Sean M. Kelly, Fabrice Gallouan & Bruce H. Lipshutz., 2015. Nucleophilic Aromatic

Substitution Reactions in Water Enabled by Micellar Catalysis. Organic Letters. Vol 17/Issue 19Article.

. Saha R, Ghosh A, Saha B., 2023. Kinetics of micellar catalysis on oxidation of p-anisaldehyde to p-anisic acid in aqueous medium

at room temperature. Chem Eng Sci. 23-27.

. Zaidi, N.H. & Akram, M., 2020. A Kinetic Investigation of Metal-Dipeptide Complex with Ninhydrin in the Absence and Presence

of Ctab Micelles. J. Oleo Sci. 69, 1427-1436.

Schmidt, F., Zehner, B., Kaposi, M., Drees, M., Mink, J., Korth,W., Jess, A. & Cokoja, M., 2021. Activation of Hydrogen Peroxide
by the Nitrate Anion in Micellar Media. Green Chem. 23, 1965-1971.



http://www.ijnrd.org/
https://pubs.acs.org/journal/orlef7?ref=breadcrumb
https://pubs.acs.org/toc/orlef7/17/19?ref=breadcrumb

14

15

16.
17.
18.
19.
20.

21.
22,
23.

24,
25.
26.

© 2025 IJNRD | Volume 10, Issue 12, December 2025| ISSN: 2456-4184 | INRD.ORG
Kumar D, Rub MA., 2018. Role of cetyltrimethylammonium bromide (CTAB) surfactant micelles on kinetics of [Zn (11)-Gly-Leu]*
and ninhydrin. J Mol Lig.
Akram M, Saeed AAM, Kabir-ud-Din., 2015. Micellar, salt, and organic solvent effects on the rate of [Cu (11)-Gly-1-Ala]+ complex—
ninhydrin reaction. J Mol Liq. 367-73.
Samley B, Toosi AR., 2009 Kinetics Study of Malachite Green Fading in the Presence of TX-100, DTAB and SDS. Bull Korean
Chem Soc. 20;30(9):2051-6.
Hassan M, AlAhmadi MD, Mosaid M., 2011. Micellar effect on the kinetics of oxidation of methyl blue by Ce(1V) in sulfuric acid
medium. Arab J Chem.
Jasila Karayil & Lisa Sreejith., 2017. Catalytic Action of CTAB/ KBr/ C90H Micellar Media on the Basic Hydrolysis of Crystal
Violet. Journal of Dispersion Science and Technology. 845-851.
Yumihiko Yano , Yutaka Hoshino & Waichiro Tagaki. 1980. Oxidation of Aldehydes by Thiazolium lons and Flavin in a Cationic
Micelle. Chemistry Letters, Volume 9, Issue 6, 749-752.
Piszkiewicz D., 1976. Micelle catalyzed reactions are models of enzyme catalyzed reactions which show positive homotropic
interactions. J Am Chem Soc. 98 (10):3053-5.
Piszkiewicz D., 1977. Positive cooperativity in micelle catalyzed reactions. J Am Chem Soc [Internet]. 1550-7.
Yoshiko Moroi., 1992. Micelles Theoretical and Applied Aspects: Springer Science + Business Media, New York. 41-90, 195-208.
Th. Raghumani Singh. M. Niraj Luwang & S. K. Srivastava., 2011. Kinetic studies on sodium dodecyl sulfate micelle inhibited
reactions of triphenylmethyl carbocations with cyanide ion. Reaction Kinetics, Mechanisms and Catalysis. V-104, Issue-1. 17-26.
June-Ru Cho &Herbert Morawetz., 1972. Catalysis of ionic reactions by micelles. Reaction of chloropenteamminecobalt ion with
mercury (I1) ion in sodium alkyl sulfate solutions. Journal of the American Chemical Society. Vol 94/Issue 2 375-377.
llya V Berezin, K Martinek & A K Yatsimirskii., 1973. Physicochemical Foundations of Micellar Catalysis. Russian Chemical
Reviews, Volume 42, Number 10.
Clifford A. Bunton., Laurence S. Romsted., Chirasarit Thamavit., 1980. The pseudo phase model of micellar catalysis. Addition of
cyanide ion to N-alkylpyridinium ions. J. Am. Chem. Soc. 3900-3903.

IJNRD2512240 ‘ IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/
https://www.researchgate.net/journal/Journal-of-Dispersion-Science-and-Technology-1532-2351?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://akjournals.com/view/journals/11144/104/1/article-p17.xml
https://akjournals.com/view/journals/11144/104/1/article-p17.xml
https://akjournals.com/view/journals/11144/11144-overview.xml
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=June-Ru%20Cho
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Herbert%20Morawetz
https://pubs.acs.org/journal/jacsat?ref=breadcrumb
https://pubs.acs.org/toc/jacsat/94/2?ref=breadcrumb
https://iopscience.iop.org/journal/0036-021X
https://iopscience.iop.org/journal/0036-021X
https://iopscience.iop.org/volume/0036-021X/42
https://iopscience.iop.org/issue/0036-021X/42/10
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Clifford%20A.%20Bunton
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Laurence%20S.%20Romsted
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Chirasarit%20Thamavit

