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Abstract:  Surfactant  molecules  possess  both  hydrophilic  and  hydrophobic  properties,  featuring  a
hydrophilic  head and a hydrophobic  tail.  When surfactants reach a critical  micellar  concentration,  they
assemble into stable molecular aggregates called micelles. These micelles serve as effective catalysts for a
range of chemical reactions. To elucidate and make sense of experimental data related to micelle-catalyzed
reactions, researchers often employ kinetic modeling as a valuable tool. Several kinetic models have been
introduced to describe the reaction rates within micellar environments. In this discussion, we will provide a
concise  overview  of  four  widely  utilized  models:  The  Berezin  model,  the  pseudophase  model,  the  ion
exchange model, and the Piskiewicz model.
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1. INTRODUCTION

Surfactant molecules exhibit amphiphilic properties,
with  a  hydrophilic  head  and  a  hydrophobic  tail,
making  them  soluble  in  both  aqueous  and  non-
aqueous oil phases (1,2). Below the Critical Micellar
Concentration  (CMC),  surfactant  molecules  are
generally believed to exist as individual molecules
in  the  solution.  However,  as  the  concentration
surpasses the CMC, these surfactant molecules start
to aggregate, forming structures known as micelles
(1,2). These micelles play a crucial role in altering
the rates of chemical reactions. The arrangement of
reactants  and  products  within  the  micellar
environment  significantly  influences  the  transition
states of reactions, thereby impacting their reaction
rates (3-24). To gain a deeper understanding of the
underlying mechanisms of these catalyzed reactions
within  micelles,  it  is  most  effective  to  employ
appropriate kinetic models.

In the early 1980s, significant efforts were made to
establish  this  field  of  chemistry  as  a  distinct
discipline,  with  researchers  like  Berezin  (25-27),
Romsted,  and  Bunton  (28-32)  contributing  to  its

development.  Mittal  and  Lindman's  Surfactants  in
Solution explores the formation of micelles and the
impact  of  surfactants  on reaction kinetics.  Mittal's
Solution  Chemistry  of  Surfactants  delves  into  the
chemical and physical interactions of surfactants in
various  environments  (33,34).  Bunton  and
Romsted's  contribution  in  Solution  Behavior  of
Surfactants,  edited  by Mittal  and Fendler,  focuses
on the  role  of  reactive  counter  ions  in  surfactant
systems, examining their interactions and catalytic
effects.  These  works  collectively  offer  valuable
knowledge for understanding micellar catalysis and
the underlying mechanisms of surfactant behavior
in solutions (35).

The most widely accepted models for explaining the
effects  of  micelles  on  reaction  rates  include  the
pseudophase  model  (29,30),  the  Berezin  model
(25),  the  Piskiewicz  model  (36,37),  and  the
pseudophase  ion  exchange  model  (38).  These
models aid in providing a better  understanding of
the  intricate  processes  involved  in  reactions
occurring within micellar environments.
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The purpose of this review article on kinetic models
for  micellar-catalyzed  reactions  is  to  consolidate
and  critically  evaluate  the  various  theoretical
frameworks  that  explain  how micelles  impact  the
kinetics of response. By examining models such as
the  pseudophase,  Berezin,  Piskiewicz,  and
pseudophase  ion  exchange  models,  we  aim  to
clarify  the  mechanistic  pathways  and  provide  a
comparative  analysis  to  guide  researchers  in
selecting  appropriate  models  for  various  catalytic
systems.  Ultimately,  this  comprehensive  analysis
will  advance  our  understanding  and  utilization  of
micellar systems in chemical reactions.

2. MICELLAR CATALYSIS

Micelles,  the  organized  assemblies  of  surfactant
molecules,  serve  as  remarkable  catalysts  for
specific  chemical  reactions  by  creating  an  ideal
microenvironment (39). The application of the Gouy-
Chapman  model  assists  in  comprehending  the
electrical  double  layer  formed  around  charged
surfactant  molecules.  When  surfactant  molecules
possess charged groups, such as ionic head groups
or  ionized  hydrophilic  regions,  an  electric  double
layer  takes  shape  around  each  micelle.  In  this
model,  the  electric  double  layer  comprises  two
distinct  areas:  the  Stern  layer,  which  is  the
innermost  layer  characterized  by  a  compact
arrangement  of  ions  strongly  associated  with  the
charged  surface,  and  the  diffuse  layer,  extending
outward from the Stern layer, where ions exhibit a
more diffuse distribution and a weaker association
with the surface. Within the confines of the micelle,
the  concentration  of  reactant  molecules  exceeds
that in the surrounding bulk solution. This localized
increase in concentration significantly elevates the
likelihood  of  reactant  molecules  colliding  and
initiating  chemical  reactions,  resulting  in  an
accelerated  reaction  rate.  Furthermore,  micelles
have a unique capability  to solubilize hydrophobic
reactant  molecules  within  their  hydrophobic  core.
By solubilizing these reactants, micelles effectively
elevate  their  effective  concentration,  rendering
them more accessible to other reactant molecules,
thus enhancing their participation in the reaction.

Micelles  also  excel  in  stabilizing  reaction
intermediates  or  transition  states  that  are
energetically  unfavorable  or  unstable.  By
encapsulating these species  within their structure,
micelles  create  a  favorable  environment  for  the
response  to  advance,  reducing  activation  energy
and  boosting  reaction  rates. The  well-defined
surface  of  micelles  further  contributes  to  their
catalytic  activity.  Reactant  molecules  can  interact
with  the  micelle’s  surface,  promoting  adsorption
and  subsequent  reactions  at  the  interface.  This
surface reaction mechanism significantly augments
the overall reaction rate.

Essentially,  micellar  catalysis  employs  a
multifaceted approach to accelerate reaction rates
by concentrating reactants, dissolving hydrophobic
compounds, stabilizing intermediates, and providing
a structured surface for interactions. These qualities
make micelles an indispensable tool  for numerous
chemical processes.

Micellar  catalysis,  with  its  ability  to  catalyze
reactions by creating a favorable environment, has
sparked  interest  among  researchers  eager  to
explore  its  potential. To  delve  deeper  into  the
mechanisms  driving  these  catalyzed  reactions
within  micelles,  scientists  have  embraced  kinetic
modeling.  This  approach  offers  a  systematic
framework  for  describing  and  predicting  the
behavior  of  reactions  in  this  distinctive  setting.
Several  kinetic  models  have  been  proposed  to
elucidate the intricate details of micellar catalysis.
These models, such as the Berezin model and the
pseudophase model,  the ion exchange model, and
the  Piskiewicz  model, offer  valuable  insights  into
how  micelles  influence  reaction  rates,  providing
researchers with the tools to interpret and predict
the  outcomes  of  reactions  catalyzed  by  these
molecular assemblies. By combining kinetic models
with  micellar  catalysis,  scientists  are  effectively
advancing their understanding of these systems and
their practical applications in diverse fields such as
medicine and wastewater treatment.

3. KINETIC MODELS

The  majority  of  kinetic  data  have  been  analyzed
using  the  following  kinetic  models,  providing  a
quantitative or semi-quantitative discussion.

3.1. Pseudophase Model
The pseudophase model, first formulated by Menger
and Portnoy (29,30), provides a structured approach
for  rationalizing  kinetic  data  in  micellar  systems.
According  to  this  model,  chemical  reactions  can
occur in one or both two pseudophases found in the
micellar system, namely the aqueous pseudophase
and  the  micellar  pseudophase.  It  postulates  that
reactants  partition  between  the  bulk  solution  and
the  micellar  phase,  with  the  actual  reaction
exclusively  taking  place  within  the  micelles.  The
concentration of reactants within the micellar phase
is  treated  as  a  pseudo  concentration,  giving  the
model a distinctive name.

A  widely  accepted  scheme  for  an  unimolecular,
micellar-catalyzed reaction is as follows (Figure 1)

Figure 1: Scheme for an unimolecular micellar–
catalyzed reaction.

Where K is the micelle-substrate binding constant,
kW and  kM are  rate  constants  for  the  water  and
micellar  phases,  respectively,  and  S  is  a  neutral
substrate.  Kψ is  the  observed  rate  constant.  The
formula for micelle concentration [Dn] is [Dn] = ([C]-
CMC)/N. Where CMC stands for the critical micellar
concentration, N is the aggregation number, and C
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is  the  surfactant’s  stoichiometric  concentration.
Model outputs the rate-law

k ψ   =  
k W + kM K[ Dn]
(1+K [Dn ]) (1)

This rate law adjusts to

1
k W - kψ

= 1
kW -kM

+ 1
kW - kM (NK( [ C ] -CMC) )

(2)

The  relationship  between  reaction  rates  and
micellar  effects  can  be  effectively  studied  by

analyzing the slope and intercept of a plot, where
1/(KW-KM)  is  plotted  against  1/([C]-CMC).  These
calculations yield the rate constants kM and K.

The  pseudophase  model  has  proven  to  be  a
successful tool for explaining how micelles influence
rates of various reactions, as summarized in Table
1. However,  there are instances,  such as the acid
hydrolysis  of  p-nitrobenzaldehyde  acetals  and  p-
nitrophenyl diphenyl phosphate with fluoride ion in
cetyltrimethylammonium  fluoride  (CTAF)  (31),
where the model falls shot. In these cases,  where
the  only  counterions  present  are  OH- or  F-,  it  is
postulated that the reaction occurs not only in the
aqueous and micellar pseudo phases but also at the
interface where the micelle meets the surrounding
water.

Table 1: Reactions in micellar medium interpreted by Pseudophase model.
Reaction Micellar medium Remarks Ref
P – Nitrophenyl Acetate with 
Benzo hydroxamate ion

Alkyl dimethyl and 
diethyl ethanol 
ammonium bromides.

The pseudophase model provided the 
quantitative explanation of the kinetic 
micellar effect for this reaction.

40

1,3- dipolar cycloadditions of 
benzonitrile oxide with a 
series of N-substituted 
maleimides

SDS
CTAB
Alkyl poly (ethylene 
oxide) surfactants

Micellar accelerations have been observed, 
and the kinetic data obtained has been 
analyzed using the pseudophase model for 
bimolecular reactions.

41

Ninhydrin with Chromium –
glycylglycine Complex.

16-s-16 gemini The quantitative analysis of reaction rate 
variations in the presence of gemini 
surfactants was conducted successfully using 
the pseudophase model.

42

Ninhydrin with Glycine- 
Leucine dipeptide.

16-s-16 gemini In gemini surfactants, the reaction exhibits a 
greater acceleration. The catalytic effects and
rate increment brought about by gemini 
surfactants have been quantitatively 
explained by a pseudophase model of the 
micellar solution.

43

Ninhydrin with Chromium (III)
amino acid in acetate buffer.

Dimeric gemini The study utilized the pseudophase model of 
micellar catalysis to investigate the impact of 
gemini on the rate constant.

44

Ninhydrin with Zn (II)-Gly-Leu
Complex.

CTAB The relationship between the rate constant 
(kψ) and the concentration of CTAB was 
thoroughly discussed and described. The 
kinetic data were analyzed based on the 
pseudophase model of surfactant micelles. 
Various parameters, including thermodynamic
and binding constants, were also calculated.

45

Ninhydrin with (Cr (III) - Gly-
Tyr) 2+ Complex.

CTAB, gemini The results obtained in the micellar medium 
were interpreted using the pseudophase 
model of micelles. Furthermore, the micellar 
binding constants KS for the [Cr(III)-Gly-Tyr]2+ 
complex and KN for ninhydrin were 
determined using the kinetic data.

46

Ninhydrin with Copper (II) –
Glycl phenyl alanine 
complex.

CTAB The pseudophase model interpreted the effect
of CTAB on reaction rate.

47

Ninhydrin with (Cu (II) - Gly- 
L-Ala) + complex.

TTABr The reaction follows first- and fractional-order 
kinetics with respect to [Cu(II)–Gly-L-Ala]T+ 
and [ninhydrin]T in aqueous and TTABr 
micelles.
The applied pseudophase model successfully

48

Ninhydrin with Glycine in 
Sodium acetate- Acetic 
Buffer.

gemini The pseudophase model was utilized to 
analyze the experimental data of the rate 
constant (kψ) for [gemini]. The observed 
catalytic effect is ascribed to the combined 
influence of hydrophobic and electrostatic 
interactions between gemini surfactant 
molecules and the reactive species.

49

Ninhydrin with Glycyl 
phenylalanine (Dipeptide).

CTAB
gemini

It was found that the surfactants had a 
catalytic effect on the reaction. Similar to 
conventional gemini surfactants, they 
exhibited the usual pattern of increasing and 
then stabilizing rate constants.

50
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Reaction Micellar medium Remarks Ref
Ninhydrin with Methionine 
Amino Acids.

gemini The ninhydrin-methionine reaction exhibited a
characteristic influence commonly associated 
with surfactants, which was elucidated 
through the application of a pseudophase 
model of micelles. Furthermore, additional 
factors, such as reaction rates and binding 
constants, were determined through 
calculations.

51

Reaction between dyes and 
mixed Surfactants in aqueous
medium.

DTAB
SDS

The quantitative analysis of reaction rate 
variations in the presence of DTAB and SDS 
surfactants was conducted successfully using 
the pseudophase model.

52

Ninhydrin with Tyrosine 
Aminoacid.

gemini A detailed analysis of the relationship 
between the rate constant (kψ) and surfactant 
concentration was conducted using the 
pseudophase model. Through this 
quantitative approach, the micellar binding 
parameters and thermodynamic parameters 
were calculated.

53

Ninhydrin with Arginine 
Amino acid

gemini A detailed analysis of the relationship 
between the rate constant (kψ) and surfactant 
concentration was conducted using the 
pseudophase model.

54

Hydrolysis of phenyl 
chloroformate

SDS, Brj35 , TTAB A simple pseudophase model was applied. 
The trend of the reaction is SDS < Brj35< TTAB
< SB3 – 14

55

Kinetic study in water-
ethylene glycol cationic, 
zwitterionic, nonionic, and 
anionic micellar solutions

TDAB, SDS The researchers observed that the effects of 
the micellar medium could be explained by 
considering various factors, such as charge-
charge interactions, polarity, ionic strength, 
and water content in the micellar interfacial 
region.

56

The reaction 
between[Ru(NH3)5pz]2+ + 
S2O8

2-

CTACl
AOT

The results are interpreted by taking the 
pseudophase model, modified in some cases, 
as a general basis in order to take into 
account the specificity of the reaction 
medium.

57

Picolinic acid promoted 
hexavalent chromium 
oxidation of glycerol

SDS
CPC

Reaction inhibits in CPC, whereas it 
accelerates in SDS.

58

Oxidation of methyl blue by 
Ce(IV)

TX-100 The rate decreases when there is an increase 
in TX-10 concentration.

59

Oxidation of aspartic acid 
with molybdenum-oxime-
ligand

SDS The interfacial active species proves useful in 
catalyzing aspartic acid oxidation.

60

Persulfate oxidation of 
methylene blue

SDS
TX-100

The rate of reaction decreases with respect to
the increase in [SDS] and is not affected by 
TX-100.

61

The  pseudophase  model  offers  a  simplified
representation of complex systems, making it more
accessible  for  understanding  and  analysis.  It
enables researchers to make predictions about how
the system behaves under various conditions, which
is crucial for exploring and optimizing its properties.

However, the model has limitations. It assumes that
reactions  exclusively  occur  within  the  micellar
phase,  overlooking  the  possibility  of  alternative
reaction  pathways.  In  certain  situations,  reactions
may take place at the interface between the micelle
and the solvent  or  involve  species  not  integrated
into  the  micelles.  These  scenarios  are  not
adequately  addressed by the pseudophase model,
highlighting  the  need  for  alternative  models  to
account for these complexities.
3.2. Piszkiewicz Model
Combining  elements  from  both  the  Berezin  and
pseudophase  models,  the  Piszkiewicz  model
introduces a fresh perspective on micellar catalysis
(36,37). This model says that the reaction primarily
takes place within a distinct reaction layer situated
at  the  surface  of  the  micelle.  The  rate  of  the
response  is  governed  by  the  concentration  of

reactants within this reaction layer, which acts as a
critical zone for the reaction to occur. Importantly,
the  Piszkiewicz  model  takes  into  account  the
distribution of reactants between the bulk solution
and the micellar  surface,  recognizing the dynamic
interplay between these two regions.

Visualizing the Piszkiewicz model (Figure 2), one can
envision  a  scenario  where  the  micelle’s  surface
plays a pivotal role in mediating the reaction. It is
within this reaction layer that reactants interact and
transform, guided by their proximity to the micellar
surface. This unique model bridges the gap between
the  traditional  Berezin  and  pseudophase  models,
offering  a  more  comprehensive  insight  into  the
micellar catalysis process. It provides insights into
the  crucial  role  of  the  micellar  surface  and  the
interplay between the bulk solution and the micellar
environment in catalyzing chemical reactions.
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Figure 2: Visualization of the Piszkiewicz model.

Here,  the  rate  constants  for  the  reaction  in  the
micelle and water, respectively, are kM and kW. KD is
the  dissociation  constant  of  the  micelle-substrate
complex. The equation yields the rate law.

kobs  = 
kM [D]n + kW KD

KD+ [D]n

(3)
The equation (3) can also be modified to adopt the
following form:

log {kobs- kW

kM -kobs
}=n log [D ] - log KD

(4)

Hence, a graphical representation of log[D] against
log  [kobs -  kW]  /  [KM -  Kobs]  should  yield  a  linear
relationship.  The slope of  this  plot  corresponds  to
the  value  of  ‘n,’  often  referred  to  as  the
cooperativity  index,  which  characterizes  the
system’s behavior. When log [kobs - kW] / [KM - Kobs]
equals  zero,  the  value  of  n  log[D]  becomes
equivalent to log KD.

The  Piszkiewicz  model  offers  a  quantitative
framework  to  understand  the  enhanced  rates
observed  in  micellar-catalyzed  reactions  (as
summarized in Table 2). It equips researchers with
the mathematical  tools to calculate rate constants
and predict reaction rates under varying conditions.
This model takes into consideration how reactants
are  organized  within  micelles,  the  role  played  by
micellar  interfaces,  and  the  influence  of  micellar
properties  on  reaction  rates.  This  knowledge  is
instrumental  in  the  design  and  optimization  of
catalytic systems.

Table 2: Reactions in micellar medium interpreted by Piszkiewicz model.
Reaction Micellar medium Remarks Ref
Picolinic acid promoted 
hexavalent chromium oxidation 
of glycerol

SDS
CPC

Reaction inhibits in CPC, whereas it accelerates in
SDS.

58

Oxidation of L-leucine by N-
bromo napthalimide

CTAB The results were elucidated by utilizing the 
models developed by Piszkiewicz, Raghavan, and 
Srinivasan.

62

Alkaline fading of malachite 
green

DTAB
TX-100
SDS

The researchers utilized both Piszkiewicz’s 
pseudophase ion exchange model and 
traditional/classical models in their study.

63

Reaction of dithionite ion and 
bis-(2-pyridinealdoximato) di 
oxomolybdate (IV) complex

SDS The quantitative analysis of the impact of anionic 
surfactants on the reaction medium was 
determined using the Piszkiewicz model, which 
describes the intricate sequence of complex 
interactions

64

Oxidation of L-lysine by 
permanganate ion in perchloric 
acid medium

SLS and PEG The reaction has been found to possess positive 
activation entropy, indicating the dissociative 
nature of the transition state and outer-sphere 
electron transfer mechanism.

65

Interaction of malachite green 
and brilliant green with water

Brij 35, sodium 
dodecyl sulfate, 
cetyltrimethylammo
nium bromide, and 
3- (dimethyl 
dodecyl 
ammonium)-
propane sulfonate

Spectrophotometric measurements were utilized 
to establish the relationship between the 
concentration of different surfactants, and the 
rate constants governing the interaction of 
malachite green (MG) and brilliant green (BG) 
dyes with water. The medium effect and the 
concentration effect characterized the impact of 
surfactant micelles on the rate constants of the 
reactions.

66

Oxidation of paracetamol by 
water-soluble colloidal MnO2 in 
the presence of an anionic 
surfactant

SDS The influence of SDS as a catalyst in water-based 
solutions has been extensively studied using 
Piszkiewicz. Several important parameters have 
been determined, including the binding constant 
(7.59 × 10-2 mol-1 dm3), dissociation constant 
potential reaction mechanism, and rate law have 
been proposed. 

67

Oxidative degradation of 
acridine orange by acidic 
chlorite 

CTAB The results were elucidated by utilizing the 
models developed by Piszkiewicz, Raghavan, and 
Srinivasan.

68

Oxidation of hydroxylamine 
hydrochloride by Vanadium (V)

SDS The results were elucidated by utilizing the 
models developed by Piszikiewicz, Raghavan, and
Srinivasan.

69

Hydrolysis of di-2-methoxy-4-
nitroaniline phosphate

SDS
Brij-35

The binding constants between the reactants and
surfactants evaluated from the Piszkiewicz model.

70

Thioglycolic acid oxidation by 
N,N’-phenylene 

SDS
CTAB

SDS and CTAB catalyzed the reaction. 71
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Reaction Micellar medium Remarks Ref
bis(salicylideneiminato) 
manganese(III)
Redox reaction of bis-(2-
pyridinealdoximato)dioxomolyb
date(IV) complex with 
thiosulphate

CTAB A slow rate characterizes the aqueous acidic 
medium compared with the surfactant (CTAB) 
medium and with the second order rate constant 
of 0.1299 ± 0.004 and 0.294 ± 0.02 dm3 mol−1 
1s−1, respectively.

72

Oxidation of glutamic acid by 
bis-(2-
pyridinealdoximato)dioxomolyb
date(IV) complex

CTAB Cetyltrimethylammonium bromide in the system 
increased the oxidation rate of the GTA due to the
high impact of hydrophobic and ion interaction 
between the micelle and substrates.

73

Numerous experimental studies have validated the
Piszkiewicz  model.  By  comparing  predicted  rate
constants  and  reaction  rates  with  actual
experimental  data,  a  strong  agreement  has  been
observed in many instances.

However, it’s important to note that the Piszkeiwicz
model  relies  on  simplifying  assumptions.  For
instance,  it  assumes  the  existence  of  a  single
reactive  species  within  micelles  and  disregards
interactions  between  micelles.  While  these
simplifications  make  the  model  mathematically
manageable,  they  may  oversimplify  the
complexities  of  real  systems.  Consequently,  there
can be deviations  between model  predictions  and
experimental  observations  in  certain  cases,
underscoring  the  necessity  for  a  detailed
comprehension of the system’s complexity.

3.3. Ion Exchange Model
The  ion  exchange  model,  focused  on  reactions
involving charged reactants (38), provides a unique
perspective on micellar catalysis.  It views micellar
aggregates  as  similar  to  ion  exchange  resins,
possessing  the  capability  to  bind  and  exchange
ions. The essence of the model lies in the concept
that the rate of the reaction is profoundly influenced
by  the  exchange  of  ions  between  these  micellar
aggregates and the surrounding bulk solution.

The  Ion-Exchange  Model  provides  a  detailed
understanding  of  how  charged  reactants  and
catalysts  interact  within  micellar  catalysis.  It
emphasizes  the  significance  of  ion  exchange
equilibrium,  which  plays  a  crucial  role  in
determining  the  reaction  rate.  This  model  is
particularly  useful  for  reactions  involving  ionic
reactants or catalysts, where the exchange of ions
between  the  micelles  and  the  bulk  solution
significantly impacts the catalytic process.

To  work  effectively,  the  model  makes  two  key
assumptions:

1. The micellar surface is either saturated with
counterions,  or  the  binding  constant  (ß)
remains constant.

2. The  selectivity  of  the  surface  for  various
counterions  can  be  expressed  through  a
straightforward ion exchange constant.

The value of ß, typically falling in the range of 0.6 to
0.9 (74), is independent of surfactant concentration
in the presence of  counterions.  This model  allows
researchers  to  predict  the  effects  of  various
parameters,  such  as  surfactant  concentration,
temperature,  and  pH,  on  the  reaction  rate.  By
understanding  the  factors  influencing  the  ion
exchange  equilibrium,  reaction  conditions  can  be
strategically  manipulated  to  enhance  catalytic

performance.  The  exchange  between  the  micelle
(M) and the aqueous phase (W) is described by the
ion–exchange constant. KN

X.

Figure 3: Ion–Exchange model.

KN
X = 

[NW ] [XM ]
[XW ] [NM ]

(5)

N is the reactive ion, and X is the counterion of the
surfactant.

MN
S  = [NM ]/[ DN ], MX

S  = [XM ]/[DN ] and  MS
N +

MS
X = ß

According  to  Romsted  (10)  MS
N  represents  the

concentration of the reactive ion in moles per liter of
Stern layer volume.

[DN]  =  [C-CMC],  where  C  is  the  concentration  of
surfactant.  S is the neutral  substrate bound along
with X.

However,  directly  validating  this  model
experimentally  poses challenges.  The small  scales
involved  in  observing  and  measuring  the  ion
exchange process within micelles make it complex.
Consequently, some assumptions and predictions of
the  model  may  require  further  experimental
validation.

While  the  ion  exchange  model  provides  a
comprehensive  understanding  of  the  interaction
between  reactants  and  catalysts  within  micellar
catalysis, it is essential to recognize its limitations.
One significant  limitation  is  the difficulty  in  direct
experimental  validation  due  to  the  small  scales
involved  in  observing  and  measuring  the  ion
exchange process within micelles. This can lead to
discrepancies  between  theoretical  predictions  and
experimental observations. Furthermore, the model
assumes a constant level of counterion binding (β)
and a straightforward ion exchange constant, which
might  oversimplify  the  actual  complexities  of
micellar systems. The model's accuracy is primarily
contingent  upon these assumptions  holding under
various  experimental  conditions.  Consequently,
some  aspects  of  the  model's  predictions  may
require  further  experimental  scrutiny  to  ensure
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reliability.  Additionally,  the ion exchange model  is
particularly  suited  for  reactions  involving  ionic
reactants or catalysts. For reactions involving non-
ionic  species  or  those  predominantly  occurring  at
the  micellar  interface,  alternative  models  might
offer  more  precise  representations.  Addressing
these  limitations  is  crucial  for  refining  the  model
and enhancing its applicability to a broader range of
catalytic processes.

The ion exchange model is particularly suitable for
reactions involving ionic micelles. In this model, the
micellar  surface  acts  similarly  to  an ion-exchange
resin, selectively binding and exchanging ions. This
model  considers  the  micelle  as  a  charged  entity
with counterions bound to its surface.  The rate of
reaction is influenced by the exchange of reactive
ions with the micellar-bound counterions, described
by the ion-exchange constant. KN

X (equation 5).

For  ionic  micelles,  the  ion  exchange  model  is
suitable, whereas the pseudophase model is more
fitting  for  non-ionic  micelles.  The  first-order  rate
constants  exhibit  an  increasing  trend  with  rising
surfactant  concentration,  reaching  stability  when
the substrate is fully micellar-bound. This pattern is
particularly observed when the reactive ion serves
as the sole counterion in the solution, aligning with
the  ion-exchange  pseudophase  model  of  micellar
catalysis in aqueous systems (35). This behavior has
been noted in reactions like nucleophilic addition or
substitution  by  cyanide  or  bromide  ions  and  in
acetal  hydrolysis  within  micellized  alkane  sulfonic
acids.

The  practical  interpretation  of  the  equilibria  (PIE)
model  extends  its  utility  beyond  measuring  the
intrinsic pK and surface pH of micelles. It can also
be effectively  employed  to  determine  the  surface
pH  in  microemulsions,  vesicles,  and  biological
membranes.  Furthermore,  Romsted  and  Zanetted
have  demonstrated  that  the  model  remains
applicable  to micellar  solutions containing buffers,
even  in  the  presence  of  added  counterions,
provided that the exchangeable counterion amounts
in  the  aqueous  pseudophase  are  expressed  as
activities.  The buffer is hydrophilic and carries the
same  charge  as  the  micelle  surface,  remaining
exclusively in the aqueous phase (75).

The ion exchange model delivers a comprehensive
mechanistic  understanding  of  how  reactants  and
catalysts  interact  within  micellar  catalysis.  It
elucidates the transport of reactants into micelles,
their  interaction  with  catalysts,  and  their
subsequent  exit  from  the  micelles.  This
comprehension  proves  invaluable  for  optimizing
reaction  conditions  and  designing  more  efficient
catalytic systems.

By  understanding  the  factors  influencing  the  ion
exchange equilibrium, researchers can strategically
manipulate reaction conditions to enhance catalytic
performance.  However,  directly  observing  and
measuring the ion exchange process within micelles
can  be  complex  due  to  the  small  length  scales
involved,  necessitating  further  experimental
validation  of  some  model  assumptions  and
predictions (as summarized in Table 3).

Table 3: Reactions in micellar medium interpreted by ionic exchange model.
REACTION Micellar 

medium
Remarks Ref

Acid hydrolysis of vinyl
ethers

SDS
CTAB
Brij35

In the cases of cationic and non-ionic micelles, minimal effects on 
rate were observed. However, anionic micelles exhibited an 
increase in the reaction velocity, and the rate constants reached 
their maximum values as the concentration of SDS (sodium 
dodecyl sulfate) increased.

38

Picolinic acid 
promoted hexavalent 
chromium oxidation of 
glycerol

SDS
CPC

Reaction inhibits in CPC, whereas it accelerates in SDS. 58

Alkaline fading of 
malachite green (MG+)

DTAB
TX-100
SDS

Piszkiewicz’s pseudophase ion exchange model and classical 
models were used.

63

Hydrophobic n-
diazeniumdiolates and
the aqueous interface 
of sodium dodecyl 
sulfate (SDS) micelles.

SDS The quantitative analysis of the reaction is achieved successfully 
through the utilization of the ion exchange model.

76

Application of the 
pseudophase ion 
exchange model to a 
micellar-catalyzed 
reaction in 
water−glycerol 
solutions

CTAB The hydrolysis of p-nitrophenyl diphenyl phosphate (NPDPP) in the
presence of sodium hydroxide (NaOH), micelles of CTAB, and 
aqueous solutions of glycerol was studied experimentally. The 
findings were interpreted using the pseudophase ion exchange 
model (PPIE). The effect of glycerol on micelle formation and its 
influence on the reaction medium were investigated. The 
obtained results suggest that the PPIE model can effectively 
describe micellar catalysis in water-glycerol solutions.

77

Acid-catalyzed 
hydrolysis of 
hydrophobic ketals in 
aqueous cationic 
micelles: partial failure
of the pseudophase 
ion exchange model

CTAB
CTACl

The objective of the study was to investigate the effects of 
aqueous CTAX, with and without added salt (NaX), on the rate of 
acid hydrolysis of two hydrophobic micellar-bound ketals. The 
experiments were conducted at temperatures of 30°C and 40°C. 
The main purpose was to assess the accuracy of the Pseudophase
Ion Exchange (PIE) model in predicting the reactions of neutral 
organic substrates with co-ions.

78

Reaction between 
malachite green and 

CBDAC
HTAAB

The cationic surfactants show catalytic effect, whereas anionic 
surfactants show inhibitory effect.

79
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REACTION Micellar 

medium
Remarks Ref

sodium hydroxide SDS
Reduction of ketones 
by sodium borohydride

CTAB
CTAC

Micellar inhibition. A pseudophase ionic exchange model was 
applied for kinetic analysis.

80

Oxidation of propane-
2-ol to acetone by 
pentavalent vanadium

CPC
SDS
TX-100

Inhibits in CPC and accelerates in SDS & TX-100. 81

Oxidation of D-Sorbitol
by pentavalent 
vanadium ion

CPC
SDS
TX-100

SDS and TX-00 can be used as catalysts for obtaining D-glucose 
from oxidation D-sorbitol.

82

Despite  its  wide  acceptance,  experimental
verification of the ion exchange model can present
challenges.  Directly  observing  and  measuring  the
ion  exchange  process  within  micelles  can  be
complex  due  to  the  small  length  scales  involved.
Consequently,  some  aspects  of  the  model’s
assumptions  and  predictions  may  necessitate
further experimental validation.

It’s important to note that the ion exchange model
finds  its  most  suitable  application  in  reactions
involving charged reactants or catalysts, where the
ion  exchange  equilibrium  plays  a  significant  role.
For reactions primarily involving non-ionic species or
those  occurring  predominantly  at  the  micellar
interface,  alternative  models  or  frameworks  may
offer a more accurate representation of the catalytic
process.

3.4. Berezin Model
The  Berezin  model  (25)  operates  on  the  premise
that the reaction predominantly unfolds within the
aqueous  core  of  the  micelle.  In  this  model,  the
reactants are considered to exist in an equilibrium
state  with  the  micellar  surface,  and  the  surface
concentration  of  these  reactants  significantly
influences the rate of the reaction.

A  key  assumption  of  the  Berezin  model  is  the
existence  of  a  swift  equilibrium  between  the
reactants  within  the  bulk  solution  and  those  that
have been adsorbed onto the micellar surface. This
equilibrium signifies that reactants readily interact
with the micelle, and this interaction plays a crucial
role  in  governing  the  overall  reaction  rate.  The
Berezin  model  provides  a  simplified  yet  insightful
representation of  micellar  catalysis,  shedding light
on the interplay between reactants and the micellar
environment in these catalytic processes.

Figure 4: Berezin model.

When  examining  a  surfactant  solution  above  the
critical micelle concentration (CMC), we can view it
as  a  two-phase  system.  In  this  scenario,  we  can
describe the observed reaction velocity, denoted as
V, as an average over the entire system’s volume.
This means we take into account the contributions
from both the micellar phase (VM) and the aqueous
phase  (VW)  to  calculate  the  overall  reaction  rate.
This approach allows us to consider how reactions
occur  within  both  phases,  with  their  respective
reaction  velocities,  to  understand  the  system’s
behavior  better.  In  essence,  it  provides  a
comprehensive  view  of  the  reaction  dynamics  in
surfactant solutions above the CMC.

V=VMC V + VW (1-C V ) = kexp [A]0 [B]0
(7)

VRepresents  the  molar  volume of  the  surfactant,
while  C  denotes  the  surfactant  concentration
(expressed  in  molarity)  that  is  below  the  critical

micelle concentration (CMC). Under the assumption
that the situation adheres to the law of mass action,
we derive the following...

VM  =  kM [A]M[B]M  and Vw =kW [A]W [B]W
(8)

Equations are employed to establish concentration
between the initial total concentrations of reactants,
denoted  as  [A]0 and  [B]0,  and  their  actual
concentrations within their respective phases.

[A]M

[A]W
= pA   (Partition coefficient) 

(9)

[A]0 =[A]MC V + [A]W  (1-C V ) 
(10)
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Equations  5,  6,  and  7  collectively  lead  to  the
following conclusion:

kexp = 
kM pA pB C V + kW (1-C V )

(1+ KA C) (1+KBC)
(11)

In the given context, the equation  K A=(PA−1)V
Defines the parameters KA and KB. Here, kW and kM
represent  the  rate  constants  for  the  water  and
micellar  phases,  respectively,  while  keep  signifies
the  experimentally  determined  effective  reaction
rate constant.

Now, as a limiting scenario, if the measured reaction
velocity encompasses not only the rates occurring
in the micellar and aqueous phases but also the rate
of a reaction involving solubilized and unsolubilized
reactants,  we  can  express  it  in  the  following
manner:

V=kM [A ]M [B ]M CV + k '
M[A ]M [B]W C V + k ''

M[A ]W [B ]W C V + kW [A ]W [B ]W (1- CV )
(12)

In  this  scenario,  various  rate  constants  apply  to
different phases. For the water and micellar phases,
the  rate  constants  are  represented  as  kW and  kM,
respectively.  Additionally,  there are rate constants
k’M and  k’  ’M for  the  solubilized  and  insolubilized
phases.

Within the micellar phases, [A]W and [B]W are used.

The terms VAnd (1-C. V) Correspond to the volume
fractions  of  the  micellar  and  aqueous  phases,
respectively.

Combining all these factors, the resulting equation
captures  the  complex  interplay  of  reactions  in
different places of the system.

kexp = ¿¿ (13)

The Berezin model offers a successful framework for
understanding  how  micelles  impact  the  rates  of
bimolecular  reactions  and  provides  a  means  to
determine  binding  constants,  as  summarized  in
Table 4. This model simplifies the complex micellar
environment, making it more accessible for analysis
and  comprehension  of  reaction  kinetics  with  the
micelle.

In the Berezin model, the micelle is treated as an
effective  medium with  distinctive  properties,  such
as  different  dielectric  constant  solvation
characteristics  compared  to  surrounding  bulk
solvents. This unique perspective enables the model
to  make  quantitative  predictions  about  reaction
rates  and  other  kinetic  parameters  within  the
micellar  system.  These  predictions  can  then  be
compared  with  experimental  data,  enhancing  our
ability to understand and predict reaction behavior
in micelles.

Table 4: Reactions in micellar medium interpreted by Berezin model.
REACTION Micellar 

medium
Remarks Ref

Oxidation of dextrose 
by N-bromo 
phthalimide

SDS 
Triton X – 100

In SDS, the rate decreases, and in TX-100, the rate increases. 
Mechanism explains with Berezin’s model.

83

Oxidation of tris (2,2'-
bipyridyl) cobalt (iii) by
parabenzoquinone

SDS SDS accelerates the reaction and kinetic analysis carried out by 
using Berezin’s model.

84

Hydrolysis of mono-n-
ethyl-o-toluidine 
phosphate

CTAB The rate of hydrolysis by micelles was examined using the 
Menger-Portnoy, Piszkiewicz, and Berezin kinetic models. Various
thermodynamic parameters were assessed. The rate 
(surfactant) profile allowed for the determination of kinetic 
parameters, namely the micellar phase (kΨ) and binding 
constant (KS).

85

Hydrophobic n-
diazeniumdiolates and 
the aqueous interface 
of sodium dodecyl 
sulfate (SDS) micelles

SDS The rate of NO release from micellar-bound diazeniumdiolates is 
determined by the surface charge of the micelles.

86

Kinetics of nitrophenol 
violet anion reaction 
with OH– ion: 

CTAB, CTAOH Compared to Piszkiewicz's, Terezin's, and pseudophase ion-
exchange models. 

87

Kinetics of alkaline 
fading of methyl violet 
in micellar solutions of 
surfactants: comparing

Brij 35,
3-
(dimethyldodec
ylammonio)-
propane 
sulfonate
SDS

Each of the kinetic models used for the treatment of 
experimental data has certain inner assumptions and 
consequently gives results that are somewhat different in their 
physical meaning. The comparison of the applicability of the 
models can be made on the basis of values of standard 
deviations of model parameters calculated as unknown during 
the fitting. In this respect, Berezin's and PIE models give better 
results than application of Piszkiewicz's model

88

Reaction rate of 
cationic 
triphenylmethane dyes
with water according 
to Berezin’s model

non-ionic
cationic
anionic
zwitterionic

Berezin's model performed well when applied to the description 
of the micellar effect on the reaction of dye with the hydroxide 
ion. However, it was revealed that this model does not take into 
account the change in the local concentration of the HO– ions 
due to a compression of the double electric layer upon the 
addition of reacting ions to the system, as well as the constant 
of association of the HO– ions with cationic head groups of 
surfactant.

89
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REACTION Micellar 

medium
Remarks Ref

Oxidation of lactic acid
by chromic acid 

SDS Catalysis by SDS.
Berezin’s model and Piszkiewiez’s model were applied.

90

The redox reaction of 
allylthiourea and bis-
(2-
pyridinealdoximato)dio
xomolybdate(iv) 
complex in an aqueous
acidic medium

CTAB, SDS Piszkiewicz and Berezin models are utilized to analyze and 
interpret the redox properties of allylthiourea when interacting 
with a Mo(IV) complex in the presence of surfactants. These 
models' parameters are employed to explain the observed 
behavior.

91

Analysis of kinetic data
for ionic micellar 
mediated semi-ionic 
bimolecular reaction

CTAB The least-squares values obtained from both models show a 
similar fit to the observed data; the reliability of the calculated 
KS values from the Berezin model appears to be higher than 
those from the Ion Exchange model. This conclusion is drawn 
from the fact that the KS values obtained from the BPP model 
closely match the corresponding KS values determined through 
spectrophotometric methods.

92

Oxidation of methanol 
to formaldehyde

SDS Rate enhanced by 324-fold times in the presence of SDS. 93

Oxidation of dextrose 
by N- 
Bromosuccinimide

SDS
TX-100

The catalytic ability is greater for TX-100 than for SDS. 94

Base catalyzed 
hydrolysis of 4-
nitrophenyl esters of 
phosphoric, 
phosphoric, and 
toluene sulfonic acids

Dicationic and 
mono-cationic 
surfactants

In micellar pseudophase, the α-effect of the hydroperoxide ion in
the peroxyhydrolysis reaction is retained and reaches 100 times.

95

Catalytic oxidation of 
benzyl alcohol (BA), p-
chlorobenzyl alcohol 
(p-ClBA), and p-anisyl 
alcohol (p-OMeBA)

Cetylpyridium 
chloride (CPCl)
Dodecylpyridini
um chloride 
(DPCl)

12-fold catalytic enhancement for the oxidation of p-anisyl 
alcohol in the CPCl micellar environment

96

Reaction of cyanide 
and picrate ions

TX-100 The reaction mixture was found to enhance the e rate of the 
reaction at the CMC below TX-100.

97

Oxidation of racemic 
tartaric acid by Ce(IV)

SDS Plots of pseudo-first-order rate constants in the presence of 
surfactant (sodium dodecyl sulfate, SDS) against the [SDS] 
abruptly rise in the concentration range below CMC (critical 
micelle concentration), after which the rate exponentially falls.

98

However, it’s important to reorganize the limitations
of the Berezin model. This model assumes a uniform
and  homogeneous  micellar  structure,  which
simplifies  the  real-world  complexity  and
heterogeneity  of  micelles.  Consequently,  the
Berezin  model  is  most  suitable  for  reactions  that
occur  within  the  micelle’s  core  or  at  the  micelle-
solvent  interface.  It  may  not  be  well-suited  for
reactions  involving  reactants  that  do  not  strongly
interact with the micellar environment, where more
intricate models  might be necessary  for a precise
representation of the catalytic process.

4. CONCLUSION

In  conclusion,  the exploration  of  micellar  catalysis
and kinetic modeling offers invaluable insights into
the  intricate  world  of  chemical  reactions  within
micelles. Through our examination of various kinetic
models,  including  the  Berezin,  Piszkiewicz,  ion
exchange,  and  pseudophase  models,  we  have
gained a deeper understanding of the mechanisms
governing  these  reactions  and  the  influence  of
micelles on their rates. While each model presents
its  advantages  and  limitations,  their  collective
contribution  has  significantly  enhanced  our
comprehension  of  micellar  catalysis.  Moving
forward, continued research in this field holds great
potential for unlocking new avenues for sustainable
chemical  synthesis  and  industrial  applications.  By
refining existing models and developing innovative
approaches,  we can further elucidate the complex
interplay between reactants, catalysts, and micellar

environments,  paving  the  way  for  enhanced
efficiency and selectivity in catalytic processes.

4.1. Future Aspects
Future  research  in  micellar  catalysis  and  kinetic
modeling  holds  significant  promise  for  advancing
our understanding of complex chemical reactions in
heterogeneous  environments.  By  integrating
cutting-edge  computational  techniques  with
experimental  data,  researchers  can  elucidate
sophisticated  reaction  mechanisms  and  design
more efficient catalysts. Additionally, exploring the
influence  of  various  parameters  such  as
temperature,  pH,  and  surfactant  concentration  on
reaction  kinetics  will  provide  valuable  insights  for
optimizing  catalytic  processes.  Moreover,  the
development  of  predictive  models  capable  of
accurately simulating micellar systems will facilitate
the design of novel catalytic materials with tailored
properties.  Continued  exploration  of  micellar
catalysis  and kinetic  modeling is  poised to unlock
new avenues for sustainable chemical synthesis and
industrial applications, driving innovation in diverse
fields  ranging  from pharmaceuticals  to  renewable
energy.
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